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1.1 


FOREWORD 


This  annotated  bibliography  provides  sources  of  literature  regarding 
Puerto  Rico's  practice  of  forestry  and  allied  fields.   It  includes  references 
to  texts,  journal   articles,  newspaper  articles,  theses,  booklets,  proceedings, 
investigations  and  reports,  the  majority  of  which  were  written  between 
1887  and  1978. 


The  entries  in  this  bibliography  vary  greatly  in  significance  but 
are  purposely  included  in  order  that  it  be  an  historical  record  as  well  as 
a  source  of  scientific  or  technical  information. 

Most  of  this  material  is  part  of  the  library  collection  of  the 
Institute  of  Tropical  Forestry,  and  much  of  it  can  be  located  in  tropical 
forestry  centers  throughout  the  world. 

Publications  listed  in  this  bibliography  are  arranged  alphabetically 
by  lead  author.   The  Author  Index  provides  access  to  names  of  authors  who 
are  not  lead  authors.   The  Subject  Index  refers  to  key  topics,  discussed 
or  cited  in  the  publications,  which  may  not  be  ascertained  through  the  titles, 
Only  those  species  names  which  appear  in  the  title  are  indexed.   In  both 
Author  and  Subject  Indexes,  the  numbers  shown  refer  to  the  number  of  the 
publication  in  the  bibliography. 

If  any  errors  or  omissions  are  noted  in  the  bibliography,  we  would 
appreciate  your  informing  the  Library,  Institute  of  Tropical  Forestry, 
Southern  Forest  Experiment  Station,  P.O.  Box  AQ,  Rio  Piedras,  Puerto  Rico 
00928. 


Esta  bibliografia  provee  literatura  relacionada  a  la  practica  de 
dasonomia  y  especialidades  afines  en  Puerto  Rico.   Incluye  referencias 
de  libros,  articulos  de  revistas,  articulos  de  periodicos,  tesis,  folletos, 
actas ,  investigaciones  e  informes,  la  mayoria  de  los  cuales  han  sido  escri- 
tas  desde  1887  hasta  1978. 

Los  apuntes  en  esta  bibliografia  varian  grandemente  en  significado 
pero  han  sido  incluidos  con  el  proposito  de  usarlos  como  una  recopilacion 
historica  al  igual  que  una  fuente  de  informacion  cientifica  y  tecnica. 

La  mayoria  de  este  material  es  parte  de  la  coleccion  de  la  biblioteca 
del  Instituto  de  Dasonomia  Tropical,  y  la  mayoria  de  ellos  pueden  ser 
localizados  en  los  centros  de  dasonomia  tropical  atraves  del  mundo. 

Las  publicaciones  listadas  en  esta  bibliografia  han  sido  alf abeticamente 
ordenadas  por  primer  autor.   El  indice  de  autores  proveera  acceso  al  nombre 


de  los  autores  principalis  y  co-autores.   El  indice  de  materia  dirigira  a 
las  materias  claves  discutidas  o  citadas  en  las  publicaciones  que  no  son 
autoexplicativas  a  traves  de  los  titulos.   Solo  incluimos  los  nombres  de 
las  especies  que  aparecen  en  los  titulos.   Tanto  en  los  indices  de  autor  y  de 
materia,  los  numeros  refieren  al   numero  de  la  publicacion  en  la  bibliograf la. 

Si  nota  algun  error  u  omision  en  esta  bibliograf la,  sera  apreciado  si 
ellos  fuesen  referidos  a  la  atencion  de  la  biblioteca  del  Instituto  de 
Dasonomia  Tropical,   Apartado  AQ,  Rio  Piedras,  Puerto  Rico   00928. 


1 .  Aaron ,  John  M. 

1973.   Geology  and  mineral  resources  of  Isla  de  Mona ,  P.R. 
In  Mona  and  Monito  Islands:   an  assessment  of  their 
natural  and  historic  resources.   V.  II,  App .  B,  B-1  - 
B-7 .   Environ.  Qual.  Bd . ,  San  Juan,  P.R. 

2.  Abbad  y  i^asierra,  Inigo. 

1979.  Historia  geogr^fica  civil  y  natural  de  la  Isla  de 
San  Juan  Bautista  de  Puerto  Rico.  Editorial  Universi- 
taria,  San  Juan,  P.R. 

This  is  latest  edition  of  this  book,  the  original  of  which 
was  written  in  1788. 

3.  Acosta,  Jos^  de . 

1590.   Historia  natural  y  moral  de  los  Indies.   [Puerto 
Rico] .   Seville,  Arturo  Morales  Carri6n.   2  vols. 

The  natural  and  cultural  history  of  the  Indians.   [Puerto 
Rico]  . 

4.  Addor,  Eugene  E.,  William  N.  Rushing,  and  Warren  E.  Grabau. 

1970.   A  procedure  for  describing  the  geometry  of  plants 
and  plant  assemblages.   In  A  tropical  rain  forest:   a 
study  of  irradiation   and  ecology  at  El  Verde,  Puerto 
Rico.   Howard  T.  Odum  and  Robert  F.  Pigeon,  B-13, 
p.  B-151  -  B-167.   USAEC,  Oak  Ridge,  Tn . 

A  procedure  for  the  quantitative  description  of  vegetation 
geometry  is  presented  with  diagram  and  computer  computations 

5.  Agriculture  Experiment  Stations  of  the  Land  Grant  Universi- 
ties, Southern  Region,  and  U.S.  Dep.  Agric,  Soil  Cons.  Serv., 
South  Region. 

1969.   Tropical  Soils  Workshop,  Puerto  Rico  and  Virgin 
Islands,  August  5-14,  1969.   114  p.   U.S.  Dep.  Agric. 
Exp.  Sta.  and  U.S.  Dep.  Agric.  Soil  Cons.  Serv., 
South  Region. 

Proceedings  of  the  Southern  Regional  Technical  Work-Planning 
Conference  of  the  National  Cooperative  Soil  Survey. 

6.  Ahern,  G.  P.,  and  H.  K.  Newton. 

1928.   A  bibliography  on  woods  of  the  world,  exclusive 
of  the  temperate  region  of  North  America  and  with 
emphasis  on  tropical  woods.   77  p.  [References  on  woods 
of  the  West  Indies,  p.  18-21].   Amer.  Soc .  Mech .  Engin., 
New  York. 

7.  Ahlers,  David. 

1968.   I  think  that  I  shall  never  see  a  Puerto  Rican 
tree...   The  San  Juan  Star  [San  Juan,  P.R.],  July  28, 
1968. 

Article  about  Puerto  Rican  indigenous  species. 


8.  Albanese,  Lorelei. 

1974.   There's  more  to  a  forest  than  the  trees.   The  San 
Juan  Star  [San  Juan,  P.R.],  Feb.  24,  1974. 

Maintenance  and  management  problems  in  r£o  Abajo  Forest, 
one  of  Puerto  Rico's  13  forest  reserves. 

9.  Alexander,  William  Henry. 

1902.   Porto  Rico,  its  climate  and  resources.   Amer.  Geog . 
Sec.  Jour.  34:401-409. 

10.  Alexander,  William  Henry. 

1904.   Climatology  of  Porto  Rico.   U.S.  Dep .  of  Comm., 
Weather  Bureau.   [Unpublished]. 

11.  Alexopoulos,  Constantine  J. 

1970.   Rain  forest  myxoraycetes.   In.  A  tropical  rain  forest, 
a  study  of  irradiation  and  ecology  at  El  Verde,  Puerto 
Rico.   Howard  T.  Odum  and  Robert  F.  Pigeon,  eds .   Ch .  F-} 
p.  F  21-F  23.   USAEC,  Oak  Ridge,  Tn . 

Sixty  species  of  slime  molds  were  collected  in  the  Caribbeani 
Islands  during  a  six-week  period  in  1965  and  1966.   Myxo- 
mycetes  fructifications  were  less  abundant  in  these  rain 
forests  than  in  temperate  forests  in  rainy  periods. 

12.  Almodovar,  L.  R.,  and  R.  Biebl. 

1962.   Osmotic  resistance  of  mangrove  algae  around  La 
Parguera,  P.R.   Rev.  Algol.   6:203-208. 

13.  Almodovar,  L.  R. ,  and  F.  A.  Pagan. 

1962.  Notes  on  a  mangrove  channel  at  La  Parguera,  P.R. 
[Unpublished  manuscript] . 

14.  Almy,  C.  C,  Jr.,  and  C.  Carrion  Torres. 

1963.  Shallow-water  stony  corals  of  Puerto  Rico. 
Caribb.  J.  Sci  .  3  (2/3.)  :  133-163  . 

15.  Alvarez  Garcia,  Luis  A. 

1939.  A  mahogany  seedling  blight  in  Puerto  Rico.   Caribb. 
For.  1  (1)  :23-24 . 

16.  Alvarez  Garcia,  L.  [Luis]  A. 

1940.  A  cedar  seedling  blight  in  Puerto  Rico.   Caribb. 
For.  1  (2) :26. 

17.  Anderson,  David  E. 

1968.   Buscan  salvar  cotorra.   El  Mundo  [San  Juan,  P.R.], 
Oct.  17,  1968. 

An  effort  to  save  the  parrot. 

18.  Anglero,  Jose  I. 

[n.d.]   Informacion  sobre  arboles  ornamentales  y  de  som- 
bra.   110  p.   Servicio  de  Extension  Agricola,  Universi- 
taria  de  Puerto  Rico,  Rio  Piedras. 

Information  about  ornamental  and  shade  trees. 


19.  Anglero,  Jose  I. 

1962.   Su  ganado  necesita  sombra.   Rev.  de  Agr .  de  P.R. 
49  (1)  :153-155. 
The  need  of  shade  for  livestock  is  discussed. 

20.  Anglo-American  Caribbean  Commission. 

1944.   Recommendations  of  the  Soil,  Water,  and  Forest 
Conservation  Committee  of  the  Fourth  Meeting  of  the 
Anglo-American  Caribbean  Commission.   [An  abstract 
from  the  proceedings  of  the  fourth  meeting  of  the  Anglo- 
American  Caribbean  Commission  held  August  17-21,  1943, 
at  Charlotte  Amalie,  St.  Thomas,  V.I.] .   Caribb.  For. 
5  (2)  :78-83. 

21.  Anthony,  H.  E. 

1918.   The  indigenous  land  mammals  of  Porto  Rico.  Amer. 
Mus.  Natur.  Hist.  Mem.  2 (2 ): 331-435 . 

22.  Anthony,  H.  E. 

1925-1926.   Mammals  of  Porto  Rico,  living  and  extinct. 

In  Scientific  Survey  of  Porto  Rico  and  the  Virgin  Islands 

V.  9,    Parts  1  and  2,  p.  1-238.   New  York  Acad,  of  Sci . , 
N.Y. 

23.  ArSez  y  Fernando,  R. 

1905.   Historia  del  ciclon  del  dia  de  San  Ciriaco. 
San  Juan,  P.R.,  Imprenta  Heraldo  Espahol . 

History  of  the  cyclone  on  the  day  of  Saint  Cyrriacus. 

24.  Arena,  C. 

1972.   Conservationists  blast  Ferre  Jobos  Bay  Act.   San 
Juan  Star   [San  Juan,  P.R.],  Aug.  3,  1972.   p.  81. 

25.  Arraras,  J.  D. 

1964.   The  Commonwealth  concept.   In  F.M.  Andic  and  T.G. 
Mathews,  eds . ,  The  Caribbean  in  transition.   Second 
Caribbean  Scholars  Conf.  Proc . ,  Mona ,  Jamaica.   Inst. 
Caribb.  Studies,  Univ.  of  Puerto  Rico,  r£o  Piedras. 

26.  Arrieta,  Ruben  O. 

1978.   A  como  de  lugar  quieren  sembrar  Pinos  Hondurehos. 
El  Nuevo  D£a  [San  Juan,  P.R.],  May  11,  1978.   p.  24. 

Controversy  over  the  planting  of  the  Honduras  pine  and  the 
introduction  of  the  mycorrhiza   fungus  in  Puerto  Rico. 

27.  Ascorbe,  F.  J. 

1953.   The  inhibitory  action  of  organic  chemicals  on  a 
blue  stain  fungus*   Caribb.  For.  14  (3/4 ):  136-139  . 

28.  Austin,  H.  M. 

1971.   A  survey  of  the  Ichtyofauna  of  the  mangroves  of 
western  Puerto  Rico  during  December  1967  -  August  1968. 
Caribb.  J.  Sci.  2  (1/2)  :  27-39 . 
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29.  BSez ,  Vicente,  ed. 

1976.  La  flora  de  Puerto  Rico.   In  La  Gran  Enciclopedia 
de  Puerto  Rico.   Madrid,  Ediciones  R.V.  10,  p.  335-341. 

30.  Bague ,  Jaime. 

1962.   Presencia  de  los  montes  en  nuestra  historia.   Rev. 
de  Agr.  de  P.R.   49(l):4-86. 

History  of  the  silviculture  in  Puerto  Rico  from  1830  to  1962. 

31.  Hague,  Jaime. 

1968.   Movimientos  de  reforma  agraria  en  Puerto  Rico. 
(1510-1961)   Parts  1-3.   Rev.  de  Agr.  de  P.R.   55. 

The  agrarian  reform  movement  in  Puerto  Rico  from  1510-1961. 

32.  Baillon,  H. 

1882.   Un  nouveau  Cinnamodendron .   (An  endemic  tree  of 
Puerto  Rico).   Bull.  Soc .  Linn.  Paris  1:317-319. 

Description  of  Cinnamodendron  macranthum  (Pleodendron 
macranthum  (Baill.)  v.  Tiegh) . 

33.  Balmer,  William  E.,  and  Jose  A.  Zambrana. 

1977.  Planting  trees  in  urban  areas.   (In  Spanish  on 
reverse  side,  "Como  sembrar  arboles  en  la  zona  urbana.") 
U.S.  Dep.  Agric .  For.  Serv.,  Urban  For.  Bull., 
Caribbean  Area,  Rio  Piedras,  P.R.  2  p. 

34.  Bannister,  Barbara  A. 

1970.   Ecological  life  cycle  of  Euterpe  globosa  Gaertn . 
In  A  tropical  rain  forest:   A  study  of  irradiation  and 
ecology  at  El  Verde,  Puerto  Rico.   Howard  T.  Odum  and 
Robert  F.  Pigeon,  eds.   Gh .  B-18 ,  p.  B  299  -  B  314. 
USAEC,  Oak  Ridge,  Tn . 

The  life  cycle  of  the  sierra  palm,  studied  in  environment 
chambers  and  in  the  rain  forest  of  Puerto  Rico,  suggests 
that  Euterpe  is  adapted  to  conditions  inside  the  forest  and 
is  a  normal  component  of  rain  forest  vegetation,  not  a 
successional  species  as  previously  assumed. 

35.  Barber,  H.  G. 

1939.   Insects  of  Porto  Rico  and  the  Virgin  Islands, 
Hemiptera-Heteroptera  (excepting  the  Miridae  and 
Corixidae) .   In  Scientific  Survey  of  Porto  Rico  and  the 
Virgin  Islands.   V.  14,  Part  3,  p.  263-441.   New  York 
Acad.  Sci . ,  N.Y. 

36.  Barber,  M.  C. 

1978.  A  Markovian  model  for  ecosystem  flow  analysis: 
nitrogen  flow  in  a  Puerto  Rican  rain  forest  as  an  exampl 
Ecol  Model.  15  (3 ): 193-206 . 

37.  Barbour,  William  R. 

1933.   Soil  and  stumpage  values  on  the  Luquillo  purchase 
unit.   Unpublished  memorandum  in  files  of  U.S.  For. 
Serv.,  Rfo  Piedras,  P.R.,  8  p. 


38.  Barker,  E.  Eugene. 

1920.   Impressions  of  a  nature  lover  in  Porto  Rico.   Nature 
Study  Rev.  16:10-12. 

39.  Barres,  H. 

1964.   Rooting  media  for  growing  pine  seedlings  in  hydro- 
ponic  culture.  U.S.  Dep.  Agric .  For.  Serv,,  Res.  Note 
ITF-2 ,  4  p.  U.S.  Dep.  Agric.  For.  Serv.,  Inst,  of  Trop . 
For.  ,   R£o  Piedras,  P.R.   [Discontinued  series] 

Rooting  medium  influences  the  growth  and  survival  of  Honduras 

pine  in  a  hydroponic  culture. 

40.  Barres,  H. 

1966.   La  recherche  sylvicole  i.   Porto  Rico  tire  a  part 
du-Journal  Forestier  Suisse.   Schweiz.  Z.  Forstw. 
117  (2)  :127-134. 

Recent  forestry  research  undertaken  in  Puerto  Rico,  in- 
cluding site  evaluations  and  species  trials. 

41.  Barrett,  0.  W. 

1902.   The  fall  of  Porto  Rican  forests,  plant  World  5 : 1 11-112 

A  record  of  the  deforestation  begun  prior  to  1850,  with 
consequent  rarity  of  many  forest  trees. 

42.  Barrett,  O.  W. 

1902.   Report  on  trip  to  locate  boundaries  of  public  lands 
in  the  Luquillo  District.   [P.R.  Dep.  of  Pub.  Wks .  files], 

43.  Barrett,  O.W. 

1925.   The  food  plants  of  Porto  Rico.   J.  Dep.  Agric. 
Porto  Rico   9:61-208. 

Annotated  and  descriptive  list  of  cultivated  and  naturalized 
species  and  varieties  of  food  plants. 

44.  Barrett,  0.  W. 

1929.   Food  plants  of  Porto  Rico.   Porto  Rico  School 
Review  14:14,  15,  18,  42,  43,  45. 

This  is  an  address  delivered  at  the  School  of  Tropical 
Medicine  in  San  Juan,  P.R. 

45.  Barrett,  Wilfredo  H.  G. ,  and  Lamberto  Golfari 

1962.   Descripci6n  de  dos  nuevas  variedades  del  "Pino  del 
Caribe."   Caribb.  For.  23(2):59-71. 

Description  of  two  new  varieties  of  the  "Caribbean  Pine." 

46.  Bartlett,  Federico  P. 

194  3.   Population  and  resources  in  Puerto  Rico.   Puerto 
Rico  Jour.  Pub.  Health  Trop.  Med.  19:9-34. 

47.  Bascope,  R. 

1959.   Los  manglares  en  America.   In.  Descripciones   de 
arboles  forestales  No.  5.   Inst.  For.  Lat .  Am.  de 
Investigacion  y  Capacitacion .   Merida,  Ven .   52  p. 

7 


The  mangroves  in  America  are  described. 

48.  Batchelder,  R.  B. 

1952.   The  subhumid  plain  of  Northwestern  Puerto  Rico:   a 
study  in  rural  land  utilization.   In  The  Rural  Land 
Classification  Program  of  Puerto  Rico.   (Northwest. 
Univ.  Studies  in  Geog.  No.  1).  p.  77-114.   The  William 
and  Marion  Hass  Res..  Fund,  Evanston,  111. 

49.  Bates,  C.  [Charles]  Z. 

1930.   La  siembra  de  arboles  en  los  terrenes  de  la  escue- 
la.   Rev.  de  Agr .  de  Puerto  Rico  24:70. 

The  planting  of  trees  in  school  areas  is  discussed. 

50.  Bates,  C  [Charles]  Z. 

1938.  La  silvicultura  en  la  finca.   Rev.  de  Agr.  de 
Puerto  Rico  32:16-20. 

Farm  silviculture  is  outlined. 

51.  Bates,  Charles  [Z.] 

1939.  La  siembra  de  arboles  en  iSs  fincas  de  Puerto  Rico 
Rev.  de  Agr.  de  P.R.   31  (1 ): 1 30-134 . 

An  article  about  planting  trees  on  farms  in  Puerto  Rico. 

52.  Bates,  Charles  Z. 

1924.  Division  Forestal.   [Puerto  Rico]   Resumen  del  tra- 
bajo  realizado  durante  el  mes  de  julio  de  1924.   Rev. 
de  Agr.  de  P.R.   13(2):111-113. 

Report  of  work  done  during  July  1924. 

53.  Bates,  Charles  Z. 

1925.  Lo  que  la  silvicultura  puede  hacer  por  Puerto  Rico 
Rev.  de  Agr.  de  P.R.   14  (2 )  : 97-10 1 . 

What  silviculture  can  do  for  Puerto  Rico. 

54.  Bates,  Charles  Z. 

1925.   Introduccion  de  arboles  exoticos .   [Puerto  Rico]. 
Rev.  de  Agr.  de  P.R.   14  (5 ): 305-309 . 

Introduction  of  exotic  trees  to  Puerto  Rico. 

55.  Bates,  Charles  Z. 

1929.  Efectos  del  huracan  del  13  de  septiembre  de  1928 
en  distintos  arboles.   Rev.  de  Agr.  de  P.R.  23:113-117 

The  effects  of  the  hurricane  of  Sept.  13,  1928  on  various 
trees  in  Puerto  Rico. 

56.  Bates,  Charles   Z. 

1930.  Hurricane  damage  to  Porto  Rican  forests.  J.  For. 
38:772-774 . 


57.  Bates,  Charles  Z. 

1930.   La  silvicultura  en  la  finca,  una  necesidad  en 
Puerto  Rico.   Rev.  de  Agr .  de  P.R.   25(l):16-20. 

Silviculture  on  the  farm,  a  necessity  in  Puerto  Rico. 

58.  Bates,  [Charles]  Z. 

1932.   Silvicultura  elemental  para  escolares.   34  p.  Puer- 
to Rico  Dep.   Agr.  y  Com.,  San  Juan. 
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aerial  exposures  of  plates  at  various  heights  on  vertical 
towers  in  forests  at  El  Verde,  Puerto  Rico,  and  at  Ft.  Clayl 
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Pigeon,  eds .   Ch.  G-5 ,  p.  G  63  -  G  67.   USAEC ,  Oak    ' 
Ridge,  Tn . 

The  apical  meristem  of  Palicourea  riparia  was  studied 
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east  of  the  source  on  Feb.  7,  1965  (during  irradiation), 
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Experiments  with  runoff  pans  at  two  depths  in  the  soil  at 
El  Verde  show  that  rainfall  penetrates  downward  vertically 
through  loose  upper  layers  until  it  reaches  denser  layers 
below  upon  which  it  flows  laterally  and  downhill. 
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Radioactive  strontium  and  cesium  were  used  to  tag  waters 
applied  to  rain  forest  plots  under  which  were  located 
lysimeters  at  litter  level  and  at  a  5-in.  depth  within  the 
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The  importance  of  vegetative  sprouting  was  studied  in  the 
El  Verde  Radiation  Center  18  months  after  irradiation. 
Sprouting  was  less  important  in  the  recovery  of  the  irra- 
diated tropical  rain  forest  in  Puerto  Rico  from  a  short 
period  of  radiation  than  it  was  in  the  recovery  of  a  tem- 
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are  observations  on  the  remaining  flocks  of  the  near  extinct  Puerto 
Rican  parrot.  In  /^pendix  B  the  tody's  life-history  characteristics 
are  conpared  in  the  Luquillo  and  Gu^nica  forests. 
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1970.   Retention  of  fallout  radionuclide  by  tropical 
forest  vegetation.   In  A  tropical  rain  forest:   a 
study  of  irradiation  and  ecology  at  El  Verde,  Puerto 
Rico.   Howard  T.  Odum  and  Robert  F.  Pigeon,  eds . 
Ch.  H-17,  p.  H  191  -  H  197.   USAEC ,  Oak  Ridge,  Tn. 

Freshly  fallen  leaf  litter  and  live-leaf  samples  pruned 
from  trees  were  collected  monthly  at  El  Verde  experimenta 
site  to  measure  the  biological  half-times  for  retention 
of  four  nuclides  in  tropical  forest  vegetation.   The  data 
show  that  some  of  the  nuclides  have  been  partially  incor- 
porated into  the  forest  mineral  cycle. 
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irradiation  and  ecology  at  El  Verde,  Puerto  Rico. 
Howard  T.  Odum  and  Robert  F.  Pigeon,  eds.   Ch .  H-8 . 
p.  H  129  -  H  131.   USAEC,  Oak  Ridge,  Tn . 

Tritiated  water  applied  to  the  surface  of  soil 
in  a  tropical  rain  forest  was  found  in  free  water  of  the 
litter  and  the  top  cm  of  soil  as  long  as  seven  months 
after  its  application.   It  is  concluded,  therefore,  that 
plant  roots,  even  in  the  high-rainfall  environment  of  a 
tropical  rain  forest,  are  exposed  to  tritiated  water  for 
a  considerable  time  after  release. 
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This  is  the  annual  report  of  work  done  on  the  Rain  Fores^ 
Project  at  El  Verde,  P.R.  The  experimental  emphasis 
includes  detailed  studies  on  radionuclide  behavior  in  th 
tropical  forest  and  studies  on  the  recovery  and  successi 
in  the  irradiated  area. 
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A  section  of  the  montane  rain  forest  on  El  Yunque  Mountc 
was  irradiated  and  many  follow-up  studies  have  been  com- 
pleted.  Present  effort  is  being  directed  to  long  term 
studies  on  recovery  and  succession  of  vegetation  in  the 
irradiated  area  and  to  detailed  investigations  of  miners: 
cycling  and  distribution  in  the  tropical  ecosystem. 


66 


495.       Kline,    J.    R.,    and   Nelson   Mercado. 

1970.      Preliminary    studies    of    radionuclide   cycling 
in    understory   plants    in   the    rain    forest.       In   A 
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An   experiment  was   carried   out   in   the   understory   of    the   El 
Verde   rain    forest   to   determine    the    fate   of    several    radio- 
nuclides  applied   to   the    forest    floor   in  water-soluble 
carrier-free    form.      Uptake   by   plants   was   extremely   slow 
for    all    the    nuclides   of    this    experiment.       It   was    concluded 
from   the    slow  movement   of    nuclides    that   the    El   Verde    forest 
was   not   in   a    steady    state   with   regard   to   turnover   of    its 
burden   of    fission   products.      The   experiment    supports    the 
hypothesis    that    fission   products    in  vegetation   of    this 
forest   are    the    result   of    their    interception   and   retention 
on    leaf    surfaces. 
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Leaves    and    forest    litter  were   collected    from    10    tropical 
forests    in   Puerto    Rico,    Dominica,    Trinidad,    and   Central 
America    for   analyses   of    fallout   radionuclide   content. 
Highest    isotope    levels   were    found   in   the   northernmost 
tropical    forests    at   the   highest   elevations   above    sea    level. 
The    amounts   of   contamination    showed   a   general   decrease 
with   decreasing    latitude. 
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The  effect  of  gairma  radiation  on  removal  of  fallout  radionuclides  by 
leaching  frcm  rain  forest  trees  and  litter  was  investigated.     Samples 
of  canopy  leaves  were  collected  both  before  and  after  irradiation. 
The  results  fron  preirradiation  and  postirradiation  collections  show 
that  radiation  had  no  measurable  effect  on  the  rates  of  leaching  of 
■'■■^'Cs  and  -'^l^in  fron  the  forest  canopies. 
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14(1):1-104.  N.Y.  Acad.  Sci.,  New  York. 


67 


499.  Knapp,  Slaman  A. 

1901.  A  report  on  investigation  of  agricultural  resources  and 
capabilities  of  Puerto  Rico.  U.S.  Senate,  56th  Cong.,  2d  sess. 
Doc.  171.  32  p.  U.S.  Gov.  Print.  Off.,  Washington,  D.C. 

500.  Kobuski,  Clarence  E. 

1943.  Studies  in  the  Theaceae.  XIV.  Notes  on  the  Vfest  Indian 
Species  of  Ternstroemia  J.  Arnold  Arbor.  24:60-76. 

501.  Koenig,  N. 

1953.  A  ccmprehensive  agricultural  program  for  Puerto  Rico. 
U.S.  Gov.  Print.  Off.,  Washington,  D.C.  299  p. 

502.  Kolehmainen,  S.  E.,  and  W.  K.  Hildner. 

1974.  Zonation  of  organisms  in  Puerto  Rican  red  mangrove 
(Rhizophora  mangle  L.)  swamps.  Proc.  Int.  Symp.  on  Biol, 
and  I^lang .  Mangroves ,  Pt  I ,  Inst .  Food  and  Agric .  Sci . ,  Univ . 
of  Fla. ,  Gainsville. 

503.  Koo,  F.  K.  S.,  and  E.  Robles  de  Irizarry. 

1965.  Radiation  genetics  and  radiation  botany.  In  Rain  Forest 
Project  Annual  Report.  USABC  Report  PRNC-61.  Terrestial 
Ecology  Program  I.  p.  88-94.  P..K.  Nuclear  Center,  Univ.  of 
Puerto  Rico,  Rio  Piedras,  P.R. 

504.  Koo,  F.  K.  S.,  and  Edith  R.  de  Irizarry. 

1970.  Nuclear  volume  and  radiosensitivity  of  plant  species  at 
El  Verde.  In  A  tropical  rain  forest:  a  study  of  irradiation 
and  ecology  at  El  Verde,  Puerto  Rico.  Howard  T.  Odum  and 
Robert  F.  Pigeon,  eds.  Ch.  G-1,  p.  G  15  -  G  20.  USABC,  Oak 
Ridge,  Tn. 

Nuclear  volumes  of  68  plant  species  were  studied.  The  100%  growth- 
inhibition  dose  observed  for  twigs  appears  to  agree  with   the  predict^ 
inhibition  dose  in  the  majority  of  instances,  although  these  speciessj 
as  a  vd:iole  tend  to  be  more  resistant  than  predicted. 
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and  ecology  at  El  Verde,  Puerto  Rico.  Howard  T.  Odum  and 
Robert  F.  Pigeon,  eds.  Ch.  D-17,  p.  D  295  -  D  298.  USAEC,  Oc 
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Chlorophyll  A  and  optical  transmission  density  of  leaves  were  measuj? 
in  bromeliads  v\^ch  were  removed  from  the  El  Verde  forest,  irradiate 
with  gamma  radiation  and  retained  in  moderate  illumination  in  a  grec*; 
house.  Chlorophyll  and  optical  transmission  density  of  leaves  decl;. 
in  the  60  days  following  irradiation  with  more  decrease  in  plants 
receiving  75  kr  or  more.  Significant  correlation  was  found  between 
chlorophyll  A  and  transmission  density  of  the  leaves. 
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The  survival  and  continuing  grov\rtl:i  of  brcmeliads  were  studied  in  relation 
to  gairma  irradiation  with  acute  doses  applied  under  greenhouse  conditions 
and  3-month  doses  in  the  natural  rain  forest  environment  at  El  Verde. 
Brcmeliads  were  resistant,  with  85%  of  the  plants  surviving  acute 
radiation  of  48  kr.  In  the  field  after  two  years,  33%  had  survived 
33  kr.  New  growth  centers  developed  at  7.7  kr. 
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Forestal.  Rev.  de  Agr.  de  P.R.   12  (2) :125-127. 
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Summary  of  the  work  done  by  the  P.R.  Div.  of  For.,  during  November  l?b 

519.  Kramer,  VJilliam  P. 

1925.  El  arbol  de  Chaulir>oogra .     Rev.  de  Agr.   de  P.R.   14(2):137-1' 

Description  of  the  Chaulmoogra  tree. 

520.  Kramer,  William  P. 

1925.  Imposici6n  contributiva  spbre  terrenes  forestales. 
Rev.  de  Agr.  de  P.R.   14 (2) :102-109. 

The  taxation  of  forest  lands. 

521.  Kramer,  William  P. 

1925.  El  Jardfn  Arboreo  de  Arnold  y  el  proyectado  Jardin  Arboreo 
de  Puerto  Rico.  Rev.  de  Agr.  de  P.R.   14(2):85-87. 
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de  Agricultura  y  Trabajo,  Div.  Forestal.  Rev.  de  Agr.  de  P.R. 
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vegetation  of  the  islands,  1796-1798,  and  records  of  collections  made.; 

554.  Legrand,  J.  F. 

1919.  Consideraciones  acerca  de  la  destruccion  de  los  bosques 
de  P.R.  El  Mundo  [San  Juan,  P.R.],  June  14,  1919.  p.  11. 

An  account  of  the  destruction  of  forests  in  Puerto  Rico. 

555.  Legrand,  J.  Federico. 

1920.  Plantas  utiles  de  Puerto  Rico.  Rev.  de  Agr.  de  P.R.  3(2):5> 

Useful  plants  of  Puerto  Rico. 

556.  Lsgrand,  J.  Federico. 

1920.  Plantas  utiles  de  Puerto  Rico.  Rev.  de  Agr.  de  P.R.  3(3):2i 

Useful  plants  of  Puerto  Rico. 

557.  Legrand,  J.  Federico. 

1920.  Plantas  Utiles  de  Puerto  Rico.  Rev.  de  Agr.  de  P.R.  3(4):'='^ 

Useful  plants  of  Puerto  Rico. 

558.  Legrand,  J.  Federico. 

1920.  Plantas  utiles  de  Puerto  Rico.  Rev.  de  Agr.  de  P.R.  3(5):]' 

Useful  plants  of  Puerto  Rico. 


74 


559.  Legrand,  J.  Federico. 

1920.  Plantas  utiles  de  Puerto  Rico.  Rev.  de  Agr.  de  P.R.  3  (6): 15-16 

Useful  plants  of  Puerto  Pdco. 

560.  Legrand,  J.  Federico. 

1920.  Plantas  utiles  de  Puerto  Rico.  Rev.  de  Agr.  de  P.R.  3(7):12-16 

Useful  plants  of  Puerto  Rico. 

561.  Legrand,  J.  Federico. 

1920.  Plantas  utiles  de  Puerto  Rico.  Rev.  de  Agr.  de  P.R.  4{l):20-26 

Useful  plants  of  Puerto  Rico. 

562.  Legrand,  J.  Federico. 

1920.  Plantas  utiles  de  Puerto  Rico.  Rev.  de  Agr.  de  P.R.  4(2):5-10, 

Useful  plants  of  Puerto  Rico. 

r 

563.  Legrand,  J.  Federico. 

1920.  Plantas  utiles  de  Puerto  Rico.  Rev.  de  Agr.  de  P.R.  4(4): 17-24, 

Useful  plants  of  Puerto  Rico. 

564.  Legrand,  J.  Federico. 

1920.  Plantas  utiles  de  Puerto  Rico.  Rev.  de  Agr.  de  P.R.  5(l):l-3. 

Useful  plants  of  Puerto  Rico. 

565.  Legrand,  J.  Federico. 

1920.  Plantas  utiles  de  Puerto  Rico.  Rev.  de  Agr.  de  P.R.  5  (2): 1-3. 

Useful  plants  of  Puerto  Rico. 

566.  Legrand,  J.  Federico. 

1920.  Plantas  utiles  de  Puerto  Rico.  Rev.  de  Agr.  de  P.R.  5(4):1-11. 

Useful  plants  of  Puerto  Rico. 

567.  Legrand,  J.  Federico. 

1920.  Plantas  utiles  de  Puerto  Rico.  Rev.  de  Agr.  de  P.R.  5(5):l-7. 

Useful  plants  of  Puerto  Rico. 

568.  Legrand,  J.  Federico. 

1920.  Plantas  utiles  de  Puerto  Rico.  Rev.  de  Agr.  de  P.R.  6(l):21-25, 

Useful  plants  of  Puerto  Rico. 

569.  Legrand,  J.  Federico. 

1920.  Plantas  utiles  de  Puerto  Rico.  Rev.  de  Agr.  de  P.R.  6(4):ll-20. 

Useful  plants  of  Puerto  Rico. 


75 


570.  Legrand,  J.  Federico. 

1921.  Plantas  utiles  de  Puerto  Rico*  Rev.  de  Agr.  de  P.R.  6(5):7-l 

Useful  plants  of  Puerto  Rico. 

571.  Legrand,  J.  Federico. 

1921.  Plantas  utiles  de  Puerto  Rico.  Rev.  de  Agr.  de  P.R.  6(6):7-]| 

Useful  plants  of  Puerto  Rico.  j 

572.  Legrand,  J.  Federico. 

1921.  Plantas  utiles  de  Puerto  Rico.  Rev.  de  Agr.  de  P.R.  7(2):5-( 

Useful  plants  of  Puerto  Rico. 

573.  Leon,  Jorge. 

1966 .  Central  American  and  West  Indian  species  of  Inga  (Leguminosa(  , 
Ann.  Mo.  Bot.  Gdn.   53 (3) :265-359. 

574.  Leopold,  N.  F. 

1963.  Checklist  of  birds  of  Puerto  Rico  and  the  Virgin  Islands. 
Univ.  P.R.  Agr.  Exp.  Stn .  Bull.  No.  168.  Rio  Piedras,  P,R.  119 

575.  Liegel,  Leon  H. 

1973.  Woodland  conservation  in  Puerto  Rico-its  past,  present, 
and  future.  MS  thesis,  State  Univ.  of  New  York  Coll.  of 
Environ.  Sci.  and  For.,  Syracuse.   130  p. 

576.  Liegel,  Leon  H. ,  and  Gabriel  A.  del  Toro. 

[n.d.]  Merits  of  conventional  aerial  photography  in  an  intensive 
natural  resources  inventory  in  Pueirto  Rico.  p.  178-191. 
P.R.  Oept.  of  Natural  Resources.  Resources  Inventory  74-122. 
San  Juan,  P.R. 

577.  Liegel,  Leon  H. ,  and  Gabriel  A.  del  Toro. 

1974 .  An  intensive  natural  resources  inventory  aids  land  use 
planning  and  resources  management  in  Puerto  Rico.  In  Proc.  of 
the  Am.  Soc.  of  Photogrammetry ,  Fall  Conv.,  Sept.  10-13,  1974. 
p.  57-65. 

578.  Linas,  Raul. 

1962.  Recreaci6n  en  areas  forestales  del  Estado.  Rev.  de  Agr. 
de  P.R.   49(1) :103-113B. 

This  is  an  article  on  the  development  of  recreation  areas  in  the 
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590.  Little,  Elbert  L. ,  Jr.,  Roy  0.  Woodbury,  and  Frank  H.  Wadsworth.     \ 

1976.   Flora  of  Virgin  Gorda  (British  Virgin  Islands) . 

Dep.  Agric.  For.  Serv.,  Res.  Pap.  ITF-21,  36  p.  U.S.  Dep. 
Agric.  For.  Serv.,  Inst.  Trop.  For.,  Rio  Piedras,  P.R. 
[Discontinued  series] . 

The  tropical  flora  of  Virgin  Gorda,  third  largest  of  the  British 
Virgin  Islands,  is  presented  in  this  annotated  list  of  403  species 
of  native  and  introduced  vascular  plants.  The  report  provides  infor 
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re. Caribb.  For.  9  (2) :148-210. 

English  version.  Caribb.  For.   9  (2): 85-147.  French  summary,  Caribb. 
For.  9(2)  : 210-212. 
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1949.  iCu^les  son  los  usos  de  las  especies  forestales  de  los 
arbolados  en  la  finca?  3.  Qi  Los  curses  de  adiestramiento . 
Caribb.  For.  10 (4) :288-292. 

English  version,  Caribb.  For.  10  (4) : 249-253. 

661.  Marrero,  Jose. 

1949.  Dates  sobre  semi lias  de  arboles  de  Puerto  Rico.  Caribb. 
For.  10(1)  :31-35. 

English  version,  Caribb.  For.  10(1): 11-30.  French  summary,  Caribb. 
For.  10(1)  :35. 

662.  Marrero,  Jose. 

1949.  cQue  especies  forestales  se  adaptan  a  las  tierras  foresta- 
les de  las  fincas?  2.  En  Los  cursos  de  adiestramiento  .  Caribb. 
For.  10(4) :283-288. 

English  version,  Caribb.  For.  10  (4) :244-249. 

663.  Marrero,  Jose. 

1949.  Tree  seed  data  from  Puerto  Rico.  Caribb.  For.  10(1): 11-30. 
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1950.  La  reforestaci6n  de  tierras  degradadas  de  Puerto  Rico. 
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English  version,  Caribb.  For.  11(1): 3-15. 
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English  version,  Caribb  For.   11  (3) : 107-147. 
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Forestation  varies  with  the  zones. 
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Inga  used  as  shade  for  coffee  in  Puerto  Rico. 
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Spanish  version,  Caribb.  For.  10  (4) -.288-292. 
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2  p.  U.S.  Dep.  Agric.  For.  Serv.,  Institute  de  Dasononlia  Tro 
pical,  Rio  Piedras,  P.R.   [Discontinued  series] . 

English  version  published  as  Tropical  Forest  Notes  No.  9,  entitled 
"Spagnum  moss  as  a  medium  for  rooting  pine  seedlings." 
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[Discontinued  series] . 

Spanish  version  published  as  Apuntes  Forestales  Tropicales  No.  9, 
entitled  "El  musgo  esfagno  en  la  propagaci6n  de  arbolitos  de  pino." 
Pine  seedlings  grown  in  sphagnum  moss  were  much  taller  at  planting 
time,  an  important  aid  to  survival  during  the  first  year  in  the  field. 
Although  this  study  included  only  Jfonduras  pine,  hardwoods,  among 
them  mahogany  (Swietenia  macrophylla)  ,  blue  mahoe  (Hibiscus  elatus)  , 
plumajillo  (Schizolobium  sp.) ,  and  prima vera  (Cybistax  donnell- 
smithii) ,  have  also  been  grown  successfully  in  sphagnum  moss. 
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Black  polyethylene  squares  were  used  in  two  tests  to  reduce 
ccxnpetition  of  weeds  around  newly  planted  trees.  One  test  was  on 
a  wet  site  at  1800  feet  elevation,  the  other  on  a  moist  site  near  sea 
level . 
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An  earlier  Research  Note  reported  that  studies  showed  Honduras  Pine 
seedlings  growing  on  sphagnum  moss  grew  almost  twice  as  fast  in 
height  as  seedlings  in  soil  and  23%  more  than  seedlings  growing  in  a 
mixture  of  verroiculite  and  sandy  loam. 

A  study  was  made  conparing  the  following  materials  during  1962: 
(1)   sphagnum  moss   (2)   ground  vermiculite   (3)  coco-peat 
(4)  year-old  mahogany  sawdust   (5)   a  mixture  of  one  part  coco-peat 
and  three  parts  sawdust   (6)   a  mixture  of  equal  parts  of  coco-peat 
and  sawdust.  During  1963  comparisons  were  made  between  (1)  a  mixture 
of  equal  parts  of  vermiculite  and  mahogany  sawdust  (2)  peat,  and 
(3)  sphagnum  moss.  Results  of  this  study  showed  no  statistical 
difference  in  the  heights  of  the  seedlings  obtained. 
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To  determine  whether  Honduras  pine,  cadam  and  priiiiavera  can  be  planted 
barerooted,  plants  were  raised  in  polyethylene  bags  but  at  time  of 
planting  the  potting  material  was  removed  from  around  the  roots  of 
half  the  plants.  This  study  discusses  the  results. 
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Discusses  the  suitability  of  certain  species  for  planting  in  gardens 

or  on  estates  and  presents  a  list  of  species  classified  according 

to  their  uses,  i.e.,  for  shade,  ornament,  fruit,  or  timber  production. 
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696.  r-lartorell,  Luis  F. 

1964.  El  Araucaria  o  Pino  de  Norfolk.  El  Mundo  [San  Juan,  P.R.] , 
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Moca:  a  timber  and  shade  tree. 
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Dep.  of  Ed.  Press.  San  Juan,  P.R.  72  p. 
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1926.  Botany  of  Porto  Rico  and  the  Virgin  Islands.  Descriptive' 
Flora-Pteridophyta .  Sci.  Surv.  Porto  Rico  &  Virgin  Islands 
6:373-521. 

Descriptions  of  orders,  families,  genera,  and  species,  with  keys, 
synonymy  and  geographic  distribution  of  the  species  are  included. 
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These  volumes  contain  Spanish  names  for  many  plants  of  Puerto  Rico. 
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The  topic  of  this  article  is  the  urgency  of  a  forestry  policy  for 
Puerto  Rico. 
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A  model  leading  to  more  efficient  allocation  of  resources  and  production 
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is  developed  in  the  cited  thesis. 
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Effects  of  Picloram  herbicide  on  planted  mahogany  are  discussed. 
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Detailed  discussion  of  forestry  and  its  problens  includes  an  annotated 
list  of  native  trees. 

732.  Murphy,  P.  [Peter  G.] . 

1967.  Tree  growth  at  El  Verde  and  the  effects  of  ionizing  radiation. 
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at  El  Verde,  Puerto  Rico.  Howard  T.  Odum  and  Robert  F.  Pigeon, 
eds.  Ch.  D-4,  p.  D  141  -  D  171.   USAEC,  Oak  Ridge,  Tn. 

The  radial  growths  of  250  tree  trunks  of  five  principal  species  were 
measured  monthly  with  vernier  bands  at  El  Verde  from  Decer±)er  1963  to 
May  1966.  Growth  ranged  from  0.36  cm  annual  increase,  in  trunk  diameter 
in  Dacryodes  excelsa  to  0.18  cm  in  the  lower  story  dordnant  Crcton 
poecilanthus . 
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Organization  of  forestry  work.  The  Forestry  Service  of  Puerto  Rico 
wishes  to  establish  a  forestry  experimental  fetation. 
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1966.  Rediscovery  of  Daphnopsis  helleriana.  J.  Arnold  Arbor. 
47(3)  :262-265. 
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Hiis  natural  history  survey  of  Porto  Rico  [Puerto  Rico]  and  the  Virg: 
Islands,  conducted  by  The  New  York  Academy  of  Sciences,  was  establisi 
in  1913  and  carried  out  with  the  cooperation  of  the  Puerto  Rican 
government.  The  results  of  this  survey  have  appeared  fron  time  to 
time  as  investigations  by  specialists  have  been  corpleted. 
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2:594-596. 

The  force  of  the  Rio  Blanco  River. 

742.  Nobles,  R.  W. ,  and  C.  B.  Briscoe. 

1966.  Height  growth  of  mahogany  seedlings,  St.  Croix,  Virgin 
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[Discontinued  series] 

The  results  of  this  study  were  that  small-leaf  mahogany  seedlings 
grew  more  rapidly  tlian  bigleaf ,  and  their  hybrids  grew  more  rapidly  j 
than  either  for  the  first  two  years.  However,  between  4  and  7  years' 
of  age,  both  hybrids  and  bigleaf  were  significantly  taller  than  sma!! 
leaf.  Bigleaf  suffered  the  most  mortality,  followed  by  small-leaf, 
then  the  two  hybrids. 
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Indies  mahogany,  usually  within  the  first  15  months  following  treat! 3; 

744.  Nobles,  R.  W. ,  and  C.  B.  Briscoe. 

1966.  Mowing  under story  vegetation  in  a  young  teak  plantation. 
U.S.  Dep.  Agric.  For.  Serv'.,  Res.  Note  ITF-9,  2  p.  U.S.  Dep 
Agric.  For.  Serv.,  Inst  Trop.  For.,  Rio  Piedras,  P.R. 
[Discontinued  series] . 

This  study  indicated  mowing  conpeting  grass  and  brush  improved  accei 
bility  and  appearance  and  reduced  fire  hazard,  but  neither  height  n 
diameter  growth  of  the  teak  was  affected. 
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A:::cording  to  this  study,  root  pruning  had  no  effect  on  growth  or  survival 
of  either  young  or  held-over  mahogany  nursery  stock. 
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Camionw.  of  P.R. 

The  purpose  of  this  study  was  to  determine  the  rate  of  storage  loss 
resulting  from   soil  and  other  erosional  debris  washing  into  Caonillas 
Reservoir,  to  determine  the  principal  sources  of  this  material,  and 
to  make  some  broad  recoirmendations  for  reducing  the  rate  of  sedimentation. 
The  study  also  included  a  detailed  sedimentation  survey  of  the  Reservoir 
and  a  detailed  soil  conservation  survey  of  the  watershed. 

747.  Nolla,  J.  A.  B.,  and  G.  L.  Crawford. 

1941.  La  conservaci6n  del  suelo  en  Puerto  Rico.  30  p.  U.S.  Dep. 
Agric.  Soil  Conserv.  Serv.,  San  Juan,  P.R. 

The  conservation  of  soils  in  Puerto  Rico. 
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Puerto  Rico  Department  of  Agriculture  may  seek  Puerto  Fdco  legislation 
next  year  to  allow  farmer's  tax  exerrption  on  any  portion  of  land  above 
5  acres  devoted  to  raising  trees. 
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USABC  Report  PRNC-34.  P.R.  Nuclear  Center,  Univ.  of  Puerto  Rico, 
Rio  Piedras,  P.  R. 

This  is  a  renewal  proposal  for  studies  of  the  effects  of  gamma  irradiation 
on  the  rain  forest  ecological  system  at  El  Verde,  Puerto  Rico. 
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Puerto  Rico,  Rfo  Piedras,  P.R. 

This  is  the  annual  report  for  work  done  on  the  rain  forest  project  at 
El  Verde,  Puerto  Rico.  An  account  is  given  of  the  measurements  taker 
in  the  various  phases  of  work  by  resident  staff  and  visiting  particif 
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a  study  of  irradiation  and  ecology  at  El  Verde,  Puerto  Rico. 
Howard  T.  Odum  and  Robert  F.  Pigeon,  eds.  Ch.  C-1,  p.  C  3  -  ( 
USAEC,  Oak  Ridge,  Tn. 

This  illustrated  narrative  describes  the  experimental  design  of  the 
forest-irradiation  experiment  at  El  Verde,  related  studies,  and  the 
sequence  of  events  in  the  AEC  Rain  Forest  Program.  Effects  of  the 
irradiation  and  the  course  of  recovery  were  studied  in  the  six  years 
that  followed. 

754.  Odum,  Howard  T. 

1970.  The  El  Verde  study  area  and  the  rain  forest  systems  of 
Puerto  Rico.  In  A  tropical  rain  forest:  a  study  of  irradiat; 
and  ecology  at  El  Verde,  Puerto  Rico.  Howard  T.  Odum  and 
Robert  F.  Pigeon,  eds.  Ch.  B-1,  p.  B  3  -  B  32.  USAEC,  Oak 
Ridge,  Tn. 

The  setting  and  site  history  of  the  Rain  Forest  Project  in  the  LuquiiJ 
Mountains  of  Puerto  Rico  are  introduced  with  photographs,  sectional 
data,  and  maps  for  reference.  Base  maps,  details  on  facilities,  and 
an  introductory  trail  description  are  provided  to  encourage  new 
investigations  at  the  El  Verde  Site. 
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Robert  F.  Pigeon,  eds.  Ch.  F-3,  p.  F  3  -  F  7.  USAEC,  Oak 
Ridge,  Tn. 

756.  Odum,  Howard  T, 

1970.  Introduction  Section  G.   (Cyto logical  studies  within  the 
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tropical  rain  forest:  a  study  of  irradiation  and  ecology  at 
El  Verde,  Puerto  Rico.  Howsird  T.  Odum  and  Robert  F.  Pigeon, 
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rain  forest:  a  study  of  irradiation  and  ecology  at  El  Verde ^ 
Puerto  Rico.  Howard  T.  Odum  and  Robert  F.  Pigeon,  eds. 
Ch.  A-2,  p.  A  5  -  A  11.   USAEC,  Oak  Ridge,  Tn. 
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In  A  tropical  rain  forest:  a  study  of  irradiation  and  ecology 
at  El  Verde,  Puerto  Rico.  Howard  T.  Odum  and  Robert  F.  Pigeon, 
eds.  Ch.  H-1,  p.  H  3  -  H  52. 

As  an  introduction  to  the  section  on  mineral-cycling  and  soil  studies, 
this  chapter  corpares  these  properties  in  the  forest  at  El  Verde  with 
the  same  properties  in  sane  tropical  forests  of  Costa  Rica,  Panama, 
Trinidad,  Hawaii,  Damnica,  and  Brazil.  A  theory  of  control  by 
changes  of  atmospheric  saturation  deficit  with  attitude  is  considered 
and  new  measurements  of  numbers  of  roots  in  soil  pits  were  made  to 
compare  adaptations  for  absorption  to  evapotranspiration  climate. 
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1970.  Summary:  an  emerging  view  of  the  ecological  system  at 
El  Verde.  In  A  tropical  rain  forest:  a  study  of  irradiation 
and  ecology  at  El  Verde,  Puerto  Rico.  Howard  T.  Odum  and 
Robert  F.  Pigeon,  eds.  Ch.  I-IO,  p.  I  191  -  I  289. 
USAEC,  Oak  Ridge,  Tn. 

The  Tabonuco  forest  at  El  Verde  was  measured  for  the  parts,  processes, 
and  the  effects  of  radiation  stress. 

760.  Odum,  Howard  T. ,  and  Robert  F.  Pigeon,  eds. 

1970.  A  tropical  rain  forest:  ^  study  of  irradiation  and  ecology 
at  El  Verde,  Puerto  Rico.  Div.  Tech.  Info.,  USAEC,  Oak  Ridge,  Tn. 

This  book  of  about  1500  pages  gathers  the  results  of  a  study  begun 
in  1963  by  iJrie   Atonic  Energy  Commission,  and  studies  the  effects  of 
the  ganma  rays  over  a  tropical  rain  forest  (El  Verde) . 

761.  Odum,  Howard  T.,  Walter  Abbott,  Robert  K.  Selander,  and  others. 

1970.  Estimates  of  chlorophyll  and  bionass  of  the  Tabonuco  forest 
of  Puerto  Rico.  In  A  tropical  rain  forest:  a  study  of  irradiation 
and  ecology  at  El  Verde,  Puerto  Rico.  Howard  T.  Odum  and  Robert 
F.  Pigeon,  eds.  Ch.  I-l,  p.  I  3  -  I  19.  USAEC,  Oak  Ridge,  Tn. 

Previously  unpublished  studies  made  in  the  Tabonuco  forest  type  from 
1957  to  1962  were  used  to  characterize  sane  overall  properties  of  a 
forest  prism  including  chlorophyll  A  and  some  principal  classes  of 
biomass.  This  study  served  as  a  planning  guideline  to  more  detailed 
studies  of  bionass,  chlorophyll,  and  metabolism  at  El  Verde  fron 
1963  to  1967. 
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1970.  Fallout  radioactivity  and  epiphytes.  In  A  tropical  rain 
forest:  a  study  of  irradiation  and  ecology  at  El  Verde,  Puerto 
Rico.  Howard  T.  Odum  and  Robert  F.  Pigeon,  eds.  Ch'.  H-13, 
p.  H  167  -  H  176.   USAEC,  Oak  Ridge,  Tn. 

After  relatively  high  levels  of  fallout  retention  were  discovered  in  the 
epiphytic  mossy  forest  of  the  Luquillo  Mountains  during  1962,  a  survey  of 
the  distribution  of  radioactivity  in  the  rain  forest  system  was  made. 
High  levels,  up  to  4138  counts  per  nunute  per  gram,  were  found  mainly 
in  or  on  green  plant  tissue  and  the  derived  litter,  with  as  much 
variability  among  leaves  of  the  same  tree  as  between  trees. 
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763.  Odum,  H.  [Howard]  T. ,  P.  Burkholder,  and  J.  Rivero. 

1959.  Measurements  of  productivity  of  turtle  grass  flats  reefs 
and  the  Bahia  Fos foreseen te  of  southern  P.R.  Publ.  Inst.  Mar 
Sci.  Univ.  Tex.  6:159-170. 

764.  Odum,  Howard  T.,  and  Gilbeirto  Cintr6n. 

1970.  Forest  chlorophyll  and  radiation.  In  A  tropical  rain  forj 
a  study  of  irradiation  and  ecology  at  El  Verde,  Pueirto  Rico. 
Howard  T.  Odum  and  Robert  F.  Pigeon,  eds.  Ch.  1-2,  p.  I  21 
I  33.  USABC,  Oak  Ridge,  Tn. 

Patterns  of  chlorophyll  A  distribution  were  studied  in  trees  of  thee 
El  Verde  forest  before  and  after  irradiation.  Ccnparisons  were  also, 
made  between  successional  species,  climax  species,  species  in  the 
mossy  forest  on  the  mountain  top,  and  corals  frcan  a  reef.  Mean 
chlorophyll  A  per  area  of  leaf  was  highest  in  species  fran  the  mossy/j 
forest,  intermediate  in  climax  species  in  the  El  Verde  forest,  and  { 
least  in  successional  species.  | 

765.  Odum,  H.  [Howard]  T.,  B.  J.  Copeland,  and  R.  Z.  Brown. 

1963.  Direct  and  optical  assay  of  leaf  mass  of  the  Lower  Montani 
Rain  Forest  of  Puerto  Rico.  Proc.  Natl.  Acad.  Sci  ,  U.S. 
49:429-434. 

766.  Odum,  Howard  T. ,  and  George  Drewry. 

1970.  The  Cesium  source  at  El  Verde.  In  A  tropical  rain  forestt 
a  study  of  irradiation  and  ecology  at  El  Verde,  Puerto  Rico. 
Howard  T.  Odum  and  Robert  F.  Pigeon,  eds.  Ch.  C-2,  p.  C  23  - 
USAEC,  Oak  Ridge,  Tn. 

A  semiportable  10,000-curie  cesium  source  was  constructed  for  envirc 
mental  irradiation  in  the  rain  forest.  The  total  radiation  exposure- 
was  92.8  days  (2228  hr) .  Qualitatively,  most  of  the  radiation  at 
500  m  was  less  than  0.1  Mev. 

767.  Odum,  Howard  T. ,  George  Drewry,  and  J.  R.  Kline. 

1970.  Climate  at  El  Verde,  1963-1966.  In  A  tropical  rain  foresl 
a  study  of  irradiation  and  ecology  at  El  Verde,  Puerto  Rico. 
Howard  T.  Odum  and  Robert  F.  Pigeon,  eds.  Ch.  B-22 ,  p.  B  347 
B  418.   USAEC,  Oak  Ridge,  Tn. 

Hourly,  daily,  and  monthly  records  of  insolation,  illumination,  tem- 
perature, humidity,  rainfall,  wind,  evaporation,  and  concentrations 
carbon  dioxide  at  El  Verde  are  summarized  for  tlie  period  fran  1963  tt 

768.  Odum,  Howard  T.,  George  Drewry,  and  E.  A.  l^Mahan. 

1970.  Introduction  to  Section  E.  Animals  and  the  effect  of  rao 
In  A  tropical  rain  forest:  a  study  of  irradiation  and  ecoloc 
at  El  Verde,  Puerto  Rico.  Howard  T.  Odum  and  Robeirt  F.  PigecJ 
Ch.  E,  p.  E  3  -  E  15.  USAEC,  Oak  Ridge,  Tn. 
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769.  Odum,  Howard  T.,  and  C.  F.  Jordan. 

1970.  Metabolism  and  evapotranspiration  of  the  lower  forest  in  a 
giant  plastic  cylinder.  In  A  tropical  rain  forest:  a  study 
of  irradiation  and  ecology  at  El  Verde,  Puerto  Rico.  Howard  T. 
Odum  and  Robert  F.  Pigeon,  eds.  Ch.  1-9,  p.  I  165  -  I  189. 
USAEC,  Oak  Ridge,  Tn. 

For  the  study  of  inetabolism  and  evapotranspiration,  a  giant  cylinder 
of  plastic  was  hung  on  towers  to  enclose  a  prism  of  rain  forest  67  ft. 
high  by  60  ft.  wide.  Air  sampling  systems  with  electrical  recorders 
continuously  monitored  the  carbon  dioxide  and  humidity  of  the  inflowing 
air  at  the  top  of  the  cylinder  and  of  the  outflowing  air  from  the  large 
fan.  The  high  respiration  found  in  the  lower  forest  indicates  there 
is  a  large  photosynthesis  that  goes  immediately  into  the  useful  work 
of  maintaing  a  coirplex,  diverse  ecosystem  with  little  net  deposition 
of  organic  matter. 

770.  Odum,  Howard  T. ,  and  Ariel  lAigo. 

1970.  Metabolism  of  forest-floor  microcosms.  In  A  tropical  rain 
forest:  a  study  of  irradiation  and  ecology  at  El  Verde,  Puerto 
Rico.  Howard  T.  Odum  and  Robert  F.  Pigeon,  eds.  Ch.  1-3, 
p.  I  35-1  56.  USAEC,  Oak  Ridge,  Tn. 

Terrestrial  microcosms  were  seeded  with  mineral  soil,  litter,  forest- 
floor  herbs,  and  small  animals  to  simulate  some  properties  of  the 
rain  forest  floor.  Data  support  the  model  of  control  of  respiration 
and  photosynthesis  by  limiting  flow  from  one  process,  depending  on  the 
recent  storage  accumulating  fron  the  other  process. 

771.  Odum,  H.  [Howard]  T. ,  A.  Lugo,  G.  Cintr6n,  and  others. 

1970.  Metabolism  and  evapotranspiration  of  some  rain  forest 
plants  and  soil.  In  A  tropical  rain  forest:  a  study  of 
irradiation  and  ecology  at  El  Verde,  Puerto  Rico.  Howard  T. 
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834.  [Puerto  Rico.  Bosque  de  Luquillo] . 

1977.  Bosque  de  Luquillo  hace  parte  reserva  biosf erica.  El  Mundo 
[San  Juan,  P.R.] ,  May  1,  1977.  p.  14-C. 

The  Luquillo  Experimental  Forest  is  recognized  as  part  of  the  inter- 
national network  of  Biosphere  Reserves  by  MAB  -  Programme  on  Man  and 
tJie  Biosphere,  UNESCO. 
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835.  [Puerto  Ric».  Bosque  Nacional  de  Isla] . ' 

1946.  El  gobiemo  recibe  fondo  federal  $6,037  entregados  por 
concepto  explotaci6n  de  Bosque  Nacional  de  Isla.   [El  Mundo, 
P.R.],  Jan.  18,  1946.  p.  14. 

■The  government  receives  federal  funding  of  $6,037  for  the  development 
of  a  Puerto  Rican  national  forest. 

836.  [Puerto  Rico.  Bosques] . 

1919.  Los  bosques  de  Puerto  Rico.  El  Mundo  [San  Juan,  P.R.] , 
May  15,  1919.  p.  9. 

The   forests  of  Puerto  Rico. 

837.  [Puerto  Rico.  Bosques]. 

1948.  Un  silvicultor  discute  cuido  de  los  bosques.  El  Mundo  [San 
Juan,  P.R.] ,  Nov.  7,  1948.  p.  27. 

A  silviculturist  discusses  the  care  of  trees. 

838.  Puerto  Rico  Bureau  of  Econonics  and  Statistics. 

[n.d.]  Statistical  year  book:  supplement  on  trade  statistics 
1951-52.  P.R.  Plan.  Bd.,  San  Juan,  P.R. 

839.  Puerto  Flico  Bureau  of  Econonics  and  Statistics. 

[n.d.]   Statistical  year  book:  supplement  on  trade  statistics 
1952-53.  P.R.  Plan.  Bd. ,  San  Juan,  P.R. 

840.  Puerto  Rico  Bureau  of  Econonics  and  Statistics. 

[n.d]  Statistical  year  book:  supplement  on  trade  statistics 
1953-54.  P.R.  Plan.  Bd.,  San  Juan,  P.R. 

841.  Puerto  Rico  Bureau  of  Econonics  and  Statistics. 

[n.d.]  External  trade  statistics  1954-55.  P.R.  Plan.  Bd.,  San 
Juan,  P.R. 

842.  Puerto  Rico  Bureau  of  Econonics  and  Statistics. 

[n.d.]  External  trade  statistics  1956.  P.R.  Plan.  Bd. ,  San 
Juan,  P.R. 

843.  Puerto  Rico  Bureau  of  Econonics  and  Statistics. 

[n.d.]  External  trade  statistics  1957.  P.R.  Plan.  Bd.,  San  Juan,  P.R. 

844.  Puerto  Rico  Bureau  of  Econonics  and  Statistics. 

[n.d.]  External  trade  statistics  1958.  P.R.  Plan.  Bd.,  San  Juan,  P.R. 

I 

845.  Puerto  Rico  Bureau  of  Economic  and  Statistics. 

[n.d.]  External  trade  statistics  1959.  P.R.  Plan.  Bd.,  San  Juan,  P.R. 

846.  Puerto  Rico  Bureau  of  Econonics  and  Statistics. 

[n.d.]  External  trade  statistics  1960.  P.R.  Plan.  Bd.,  San  Juan,  P.R. 

847.  Puerto  Rico  Bureau  of  Econonics  and  Statistics. 

[n.d.]  External  trade  statistics  1961.  P.R.  Plan.  Bd.,  San  Juan,  P.R. 


109 


848 


849, 


850 


851 


852, 


853, 


854. 


855. 


856 


857, 


858, 


859, 


860, 


861 


862, 


863 


Puerto  Rico  Bureau  of  Econonics  and  Statistics. 

[n.d.]  External  trade  statistics  1962.  P.R.  Plan.  Bd. 

Puerto  Rico  Bureau  of  Econordcs  and  Statistics. 

[n.d.]  External  trade  statistics  1963.  P.R.  Plan.  Bd. 

Puerto  Rico  Bureau  of  Econonics  and  Statistics. 

[n.d.]  Exteinal  trade  statistics  1964.  P.R.  Plan.  Bd. 

Puerto  Rico  Bureau  of  Economics  and  Statistics. 

[n.d.]   External  trade  statistics  1965.  P.R.  Plan.  Bd. 

Puerto  Rico  Bureau  of  Economics  and  Statistics. 

[n.d.]   External  trade  statistics  1966.  P.R.  Plan.  Bd. 

Puerto  Rico  Bureau  of  Econonics  and  Statistics. 

[n.d.]   External  trade  statistics  1967.  P.R.  Plan.  Bd. 

Puerto  Rico  Bureau  of  Economics  and  Statistics. 

[n.d.]  External  trade  statistics  1968.  P.R.  Plan.  Bd. 

Puerto  Rico  Bureau  of  Economics  and  Statistics. 

[n.d.]   External  trade  statistics  1969.  P.R.  Plan.  Bd. 

Puerto  Rico  Bureau  of  Economics  and  Statistics. 

1972.  External  trade  statistics  1970.  P.R.  Plan.  Bd. 

Puerto  Rico  Bureau  of  Economics  and  Statistics. 

[n.d.]   External  trade  statistics  1971.  P.R.  Plan.  Bd. 

Puerto  Rico  Bureau  of  Economics  and  Statistics. 

1973.  External  trade  statistics  1972.  P.R.  Plan.  Bd. 

Puerto  Rico  Bureau  of  Economics  and  Statistics. 

[n.d.]  External  trade  statistics  1973.  P.R.  Plan.  Bd. 

Puerto  Rico  Bureau  of  Econonics  and  Statistics. 

1975.   External  trade  statistics  1974.  P.R.  Plan.  Bd. 

Puerto  Rico  Bureau  of  Economics  and  Statistics. 

1977.  External  trade  statistics  1975.  P.R.  Plan.  Bd. 

Puerto  Rico  Bureau  of  Economics  and  Statistics. 

1978.  External  trade  statistics  1976.  P.R.  Plan.  Bd. 
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[Puerto  Rico.  Cadam] . 

1970.   Esperanza  del  tr6pico.  El  Mundo  [San  Juan,  P.R.] , 
June  27,  1970.  p.  5-C. 

The  Kadam  tree:  hope  for  the  tropics. 

[Puerto  Rico.  Caribbean  National  Forest] . 

1977.   Forest  unit  plans  classification.  The  San  Juan  Star 
[San  Juan,  P.R.] ,  Sept.  4,  1977. 

U.S.  For.  Serv.  plans  to  classify  6,200  acres  in  the  Caribbean  National 
Forest  as  a  wilderness  area. 
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865.  [Puerto  Rico.  Conservation] . 

1975.  New  law  to  aid  conservation  of  island's  13  forest  reserves. 
The  San  Juan  Star  [San  Juan,  P.R.] ,  July  14,  1975. 

Recent  forest  law  will  allow  Puerto  Rico  Department  of  Natural  Resources 
to  revamp  existing  programs  and  begin  new  projects  for  the  conservation 
and  development  of  the  island's  13  forest  reserves. 

866.  [Puerto  Rico.  Parrot] . 

1946.  Se  hace  estudio  de  cotorras  nativas.  El  Mundo  [San  Juan, 
P.R.] ,  May  19,  1946.  p.  9. 

Study  made  on  native  parrots. 

867.  [Puerto  Rico.  Parrot]. 

1972.  Cotorras  puertorriquenas  via j an  en  avion  747.  El  Mundo 
[San  Juan,  P.R.],  Feb.  20,  1972.  p.  5-A. 

Puerto  Rican  parrots  travel  in  a  747  airplane. 

868.  [Puerto  Rico:  Delegacidn  de  Conservaci6n  de  Suelos,  Aguas  y  Bosques] . 

1944.  Recomendaciones  de  la  Delegacion  de  Conservaci6n  de  Suelos, 
Aguas  y  Bosques  en  la  Cuarta  Sesi6n  de  la  Canisi6n  Anglo- 
americana  del  Caribe.  Rev.  de  Agr.  de  P.R.  35  (2) :121-124. 

Reconmendations  by  the  delegation  of  conservation  of  soils,  waters, 
and  forests. 

869.  [Puerto  Rico.  Departamento  de  Agricultural  . 

1943.  Conservacion  de  forestas  en  Puerto  Rico.  Labores  realiza- 
das  por  el  Depto.  de  Agricultura.  El  Mundo  [San  Juan,  P.R.] , 
Sept.  13,  1943.  p.  6. 

Conservation  of  forests  in  Puerto  Rico:  work  done  by  the  Department 
of  Agriculture. 

870.  [Puerto  Rico.  Departamento  de  Agricultura] . 

1965.  Los  recursos  forestales  de  Puerto  Rico  por  Benjamin  Seda, 
Jefe,  Programa  de  Conservaci6n  de  Recursos  Forestales.  P.R. 
Dep .  Agric . ,  San  Juan . 

The  forest  resources  of  Puerto  Rico  by  the  Chief  of  the  Conservation 
of  Forest  Resources  Program. 

871.  [Puerto  Rico.  Departamento  de  Agricultura] . 

1969.  Anuario  de  estadisticas  agrfcolas  de  Puerto  Rico.  1968/69. 
P.R.  Dep.  Agric,  Rio  Piedras. 

Yearbook  of  agricultural  statistics  of  Puerto  Rico,  1968/69. 

872.  Puerto  Rico.  Departamento  de  Agricultura. 

1969.  Bosques  publicos  de  Puerto  Rico.  22  p.  P.R.  Dep.  Agric, 
San  Juan,  P.R. 

The  public  forests  of  Puerto  Rico. 
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873.  Puerto  Rico,  Departamento  de  Agricultura,  Area  de  Servicios 
Auxiliares  y  Operaciones  Centralizadas . 

1969.  Programa  de  conservaci6n  de  los  recursos  forestales: 
bosques  publicos  de  Puerto  Rico.  P.R.  Dep.  Agric;  San  Juan. 

Program  for  the  conservation  of  resources  in  the  public  forests  of 
Pueirbo  Rico. 

874.  [Puerto  Rico.  Departamento  de  Agricultura  y  Ccxnercio] . 

1945.  Exposici6n  de  las  normas  y  objetivos  que  rigen  en  lo 
concemiente  a  las  tierras  forestales  del  pueblo  de  Puerto 
Rico.  Caribb.  For.  6  (4) : 177-183. 

English  version,  Caribb.  For.  6 (4) : 17 1-177. 

875.  [Puerto  Rico.  Department  of  Agriculture] . 

1960.  Over  million  trees  set  out  this  year.  The  San  Juan  Star 
[San  Juan,  P.R.] ,  Nov.  21,  1960. 

Puerto  Rico  Department  of  Agriculture,  under  its  Forestry  Technical 
Aid  Program,  plan  over  1  million  lumber  producing  trees,  in  addition 
to  ornamental,  fmait  bearing,  and  shade  trees. 

876.  [Puerto  Rico  Department  of  Agriculture] . 

1978.  Conceptos,  plan  y  programa  para  una  agricultura  modema  en 
Puerto  Rico  [New  concepts,  plan  and  program  for  agriculture  in 
Puerto  Rico].   539  p.,  1  map,  P.R.  Dep.  Agric,  San  Juan. 

This  document  was  prepared  at  the  request  and  under  the  direction  of 
the  Secretary  of  Agriculture  for  his  final  approval.  It  was  edited 
by  agroncsnist  Jose  Vicente-Chandler,  who  revised  the  drafts  submitted 
by  several  of  the  island's  scientists  in  agriculture  ana  related  fielcc 

877.  Puerto  Rico  Department  of  Agriculture  and  Conrnerce. 

1945.  Constation  de  la  Politique  et  Talhes  ayant  affaire  aux 
forests  qui  appartiennent  au  peuple  de  Puerto  Rico. 
Caribb.  For.  6 (3) :183-189. 

Conmissioner  of  Agriculture  and  Coimierce's  statement  pursuant  to  tlie 
authority  vested  in  him  by  the  Forest  Law. 

878.  Puerto  Rico  Department  of  Agriculture  and  Conrnerce . 

1945.  Statement  of  policy  and  objectives  goveiming  the  forest 
lands  of  the  people  of  Puerto  Rico.  Caribb.  For.  6  (4) :171-177. 

Spanish  version,  Caribb.  For.  6  (4) : 177-183. 

Ccftimissioner  of  Agriculture  and  Ccxmerce's  statement  pursuant  to  the 
authority  vested  in  him  by  the  Forest  Law.  ,, 

879.  [Puerto  Rico  Dept.  Agriculture  and  Comierce]. 

1948.  Annual  books  on  statistics  of  Puerto  Rico  1946-47. 
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880.  [Puerto  Rico  Dept.  Agriculture  and  Commerce]. 

[n.d.]  Annual  book  on  statistics  of  Puerto  Rico  1949-50. 
P.R.  Dep.  Agric,  San  Juan. 

881.  Puerto  Rico  Department  of  Agriculture  and  Coirmerce  and  U.S.  Department 
of  Agriculture,  Forest  Service. 

1948.  Insular  forest  atlas.  2  V.  U.S.  Dep.  Agric.  For.  Serv. , 
Rio  Piedras,  P.R. 

882.  Puerto  Rico  Department  of  Agriculture,  Office  of  Conservation  of 
Forest  Resources,  and  U.S.  Department  of  Agriculture,  Forest  Service, 
Institute  of  Tropical  Forestry,  San  Juan,  P.R. 

1967.  50th  anniversary  of  forestry  in  Puerto  Rico.  U.S.  Dep.  Agric. 
For.  Serv.,  Inst.  Trop.  For.  Rio  Piedras,  P  J^.  7  p. 

This  is  a  chronology  of  the  history  of  Puerto  Rican  forestry. 

883.  Puerto  Rico  Departme:it  of  Natural  Resources. 

1973.  Natural,  cultural,  and  environmental  resources  inventory. 
Part  I.  p.  A  31  -  A  32.  P.R.  Dep.  Nat.  Resour.,  San  Juan. 

884.  Puerto  Rico  Department  of  Natural  Resources  [Departamento  de  Recur- 
sos  Naturales] . 

1974.  Efecto  a  los  sistemas  naturales  de  la  propuesta  explotaci6n 
miner a.  Informe  preparado  para  el  Secretario  de  Recursos  Natu- 
rales de  Puerto  Rico .  Dep .  Nat .  Resour . ,  San  Juan . 

Effect  on  the  ecology  of  Puerto  Rico  by  the  proposed  mining  develop- 
ment in  Puerto  Rico. 

885.  Puerto  Rico  Departnent  of  Natural  Resources. 

1974.  New  proposals  are  heard  to  protect  trees.  The  San  Juan 
Star  [San  Juan,  P.R.] ,  Jan.  10,  1974. 

Puerto  Rico  Natural  Resources  Department  began  hearings  on  new  regula- 
tions vdiich  would  establish  controls  for  cutting  down  trees. 

886.  Puerto  Rico  Department  of  Natural  Resources. 

1974.  Plant  conmunities  of  Mona  Island.  Pittman  -  Robinson 
Project  W-8-17,  Study  III,  Job  1,  Final  Report.  53  p.,  apps. 
and  map.  P.R.  Dep.  Nat.  Resour.,  San  Juan. 

887.  Puerto  Rico  Deparment  of  Natural  Resources. 

1974.  The  1973  water  resources  assessment  for  Puerto  Rico. 

Report  based  on  the  work  of  the  Interagency  Technical  Task  Force 
on  Water  Resources.  P.R.  Dep.  Nat.  Resour.,  San  Juan. 

888.  Puerto  Rico  Department  of  Natural  Resources. 

1974.  Unit  plan  for  the  management  of  Carite  Forest.  67  p. 
Dep.  of  Nat.  Resour.,  San  Juan. 

889.  Puerto  Rico  Department  of  Natural  Resources. 

1974.  Unit  plan  for  the  management  of  Pinones  Forest.  Task  Force 
of  Departnent  of  Natural  Resources.  76  p.  Dep.  Nat.  Resour., 
San  Juan. 
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890.  Puerto  Rico  Department  of  Natural  Resources  [Depairtamento  c3e  Recursos 
Naturales] . 

1975.  Bosque  R£o  Abajo;  taller  forestal.  Division  de  Planifica- 
ci6n  de  Bosques.  30  p.  P.R.  Dep.  Nat.  Resour.,  San  Juan. 

Rio  Aba jo  Forest:  Forestry  workshop. 

891.  Puerto  Rico  Department  of  Natural  Resources. 

1975  Suntnary  of  master  plan:  Carite  Forest.  A  working  document. 
December  1975.   19  p.  P.R.  Dep.  Nat.  Resour.,  San  Juan. 

892.  Puerto  Rico  Department  of  Natural  Resources. 

1976.  Increase  slated  in  reforestation  of  public  lands.  The  San 
Juan  Star  [San  Juan,  P.R.],  Mar.  18,  1976. 

Department  of  Natural  Resources  nurseries  will  have  1.3  million  tres 
of  different  species  this  year,  doubling  last  year's  crop. 

893.  Puerto  Rico  Department  of  Natural  Resources  [Departamento  de  Recursos 
Naturales] . 

1976.  Mapas  de  bosques  de  Puerto  Rico.  17  p.  Division  de  Plani- 
ficaci6n  de  Bosques.  P.R.  Dep.  Nat.  Resour.,  San  Juan. 

Maps  of  the  forests  of  Puerto  Rico. 

894.  Puerto  Rico  Department  of  Natural  Resources. 

1976.  The  master  plan  for  the  Conmonwealth  forests  of  Puerto  Rice 
Area  of  Planning  and  Evaluation.  259  p.  Div.  For.  Plan., 
P.R.  Dep.  Nat.  Resour.,  San  Juan,  P.R. 

Includes  sections  on  recreation,  transportation,  acquisition,  staffinc 
and  goals  and  policies. 

895.  Puerto  Rico  Department  of  Natural  Resources. 

1976.  Potential  recreation  site  selection  for  the  lakes  and 
lagoons  of  Puerto  Rico.  64  p.  Parks  and  Rec,  Bur.  Outdoor 
Rec,  Dep.  Nat.  Resour.,  San  Juan,  P.R. 

896.  Puerto  Rico  DepartnBnt  of  Natural  Resources  [Departamento  de  Recursos j 
Naturales] . 

1977.  Animales  raros  y  en  peligro  de  extinci6n  en  Puerto  Rico. 
68  p.  Dep.  Agric.  Soil  Conserv.  Serv. ,  San  Juan,  P.R. 

Spanish  translation  of  a  committee  report  on  rare  and  endangered 
animals  in  P.R.,  published  in  1973  by  the  U.S.  P.R.  Dep.  Nat.  Resour., 
San  Juan. 

897.  [Puerto  Rico  Department  of  Natural  Resources  Inventory  Division  and 
Cornell  LMiversity  Center  for  Aerial  Photo  Studies] . 

1973.  Final  Report  -  natural,  cultural,  and  environmental  re- 
sources inventory  of  Puerto  Rico  (NCERI) .  San  Juan,  P.R.,  and 
Ithaca,  N.Y. 
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898.  Puerto  Rico,  Econcxnic  Development  Administration. 

1952.  Statistical  year  book:   supplement  on  trade  statistics. 
P.R.  Econ.  Dev.  Adm. ,  San  Juan. 

899.  Puerto  Rico.  Environmental  Quality  Board. 

1971.  Environmental  report  1971.  P.R.  Env.  Qual.  Bd.,  San  Juan,  P.R, 

900.  Puerto  Rico.  Environmental  Quality  Board. 

1973.  Mona  and  Monito  Islands:  an  assessment  of  their  natural 
and  historical  resources.  Vol.  1,  47  p.  +  photos  and  maps. 
Vol.  2,  177  p.   Junta  de  Calidad  Ambiental  [Env.  Qual.  Bd.] , 
San  Juan,  P.R. 

This  report  presents  the  results  of  the  Environmental  Quality  Board 
of  Puerto  Rico's  assessment  in  July  1972  of  tona  and  Monito  Islands. 

901.  Puerto  Rico.  Environmental  Quality  Board. 

1978.  Vieques  1972  survey  of  the  natural  resources.  204  p. 
P.R.  Env.  Qual.  Bd.,  San  Juan,  P.R. 

The  purpose  of  this  survey  was  to  assemble  the  necessciry  base  data  for 
constructive  land  use  planning  for  Vieques  Island.  Four  additional 
sections  vdiich  discuss  man's  modification  of  his  environn^nt  have 
been  added. 

902.  [Puerto  Rico.  Forestry]  . 

1962.  Forestry  Institute  is  given  $50,000  to  spur. projects.  The 
San  Juan  Star  [San  Juan,  P.R.] ,  Nov.  5,  1962. 

Director  of  the  Inst .  Trop .  For . ,  USDA  For .  Serv . ,  announced  receipt 
of  $50,000  as  the  first  allotment  of  public  work  acceleration  action 
assigned  to  Forest  Service  in  Puerto  Rico. 

903.  [Puerto  Rico.  Forestry] . 

1963.  Forestry  funds  okayed.  The  San  Juan  Star  [San  Juan,  P.R.], 
Feb.  5,  1963. 

Director  of  the  Inst .  Trop .  For . ,  USDA  For .  Serv . ,  announced  receipt 
of  $50,000  as  the  second  allotment  of  public  works  acceleration  action 
assigned  to  Forest  Seirvice  in  Puerto  Rico. 

904.  [Puerto  Rico.  Forestry]. 

1963.  U.S.  allocates  P.R.  $30,000  for  forestry.  The  San  Juan 
Star  [San  Juan,  P.R.] ,  Feb.  15,  1963. 

Public  works  projects  in  national  forests  in  28  states  and  Puerto  Rico. 

905.  [Puerto  Rico.  Institute  of  Tropical  Forestry] . 

1962.  U.S.  Forest!?/  Institute  publishes  handbooks.  The  San  Juan 
Star  [San  Juan,  P.R.] ,  June  27,  1962. 

Publication  announceirent  of  two  new  handbooks,  "Puerto  Rican  Woods," 
and  "Coimercial  Timbers  of  the  Caribbean." 
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906.  Puerto  Rico.  Junta  de  Calidad  Ambiental  [Environmental  Quality  Board] 

1971.  Informe  ainbiental  1971.  Junta  de  Calidad  Ambiental,  San 
Juan,  P.R. 

Environmental  Quality  Board  Report  1971. 

907.  Puerto  Rico.  Junta  de  Calidad  Ambiental  [Environmental  Quality  Board] 

1972.  Informe  ambiental  1972.  75  p.  Junta  de  Calidad  Ambiental,, 
San  Juan,  P.R. 

Environmental  Quality  Board  Report  1972. 

908.  Puerto  Rico.  Junta  de  Calidad  Ambiental  [Environmental  Quality  Board] 

1973.  Informe  ambiental  1973.  Junta  de  Calidad  Ambiental,  San 
Juan,  P.R. 

Environmental  Quality  Board  Report  1973. 

909.  Puerto  Rico.  Junta  de  Calidad  Ambiental  [Env.  Qual.  Bd.] 

1973.  Las  Is las  de  Mona  y  Monito:  Una  evaluacion  de  sus  recursosa 
naturales  e  hist6ricos.  Vol.  1,  47  p.  +  fotos  y  mapas. 
Vol.  2,    111   p.   San  Juan,  P.R. 

Growing  interest  in  the  development  of  Mona  and  Monito  Islands  during 
the  past  year  has  led  to  proposals  which  call  for  drastic  modification 
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The  trees  of  Puerto  Rico  and  the  Virgin  Islands,  both   United  States 
and  British,  are  described  in  two  volumes,  of  v\^ch  this   is  the  seci 
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1904.  The  herpetology  of  Porto  Rico.  U.S.  Nat.  Herb.  Rep. 
1902:549-724. 

1035.  Stella,  Ibm^. 

1965.  Radiation  for  experimentation  causes:  hot  spot  in  the  rain 
forest.  The  San  Juan  Star  [San  Juan,P.R.] ,  Jan.  17,  1965. 
p.  8-9. 

An  experiment  of  radiation  at  El  Verde  to  study  thie  effects  of  radiation 
in  the  living  organisms  is  reported  in  this  article. 

1036.  Stella,  Tom^s. 

1976.  Huge  program  eyes  planting  of  30,000  San  Jiian  trees  in '76 . 
The  San  Juan  Star  [San  Juan,  P.R.] ,  May  30,  1976. 

The  municipal  government  of  San  Juan  will  undertake  to  plant  trees. 
The  group  will  be  cocrposed  of  high  school  and  college  students  plus 
200  regular  or  temporary  employees  of  the  I^lunicipal  Public  Works 
Department  in  planting  saplings  along  the  city's  sidewalks  and  in 
front  of  hoTies. 

1037.  Stevens,  F.  L. 

1916.  Collecting  plants  in  Porto  Rico.  J.  N.Y.  Bot.  Card. 
17:82-85. 

This  is  a  record  of  botanical  investigations  made  vdiile  Professor 
Stevens  was  dean  of  the  College  of  Agriculture  at  Mayaguez,  P.R. 

1038.  Stevenson,  Tom.  i 

1968.  Consideraciones  sobre  rafces  de  los  Irboles.  El  Mundo 
[San  Juan,  P.R.] ,  Oct.  26,  1968.   p.  42. 

Account  on  roots  of  the  trees. 
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1039.  Stiven,  Alan  E. 

1970.  Respiration  in  the  snail  Caracolus  caracolla  and  an  estiir^ 
of  the  relative  density  and  biomass  of  litter  snails.  In  A 
tropical  rain  forest:  a  study  of  irradiation  and  ecology  at 
El  Verde,  Puerto  Rico.  Howard  T.  Odum  and  Robert  F.  Pigeon, 
Ch.  1-5,  p.  I  65  -  I  67.   USAEC,  Oak  Ridge,  'Bi. 

The  size-specific  oxygen  consumption  of  the  dominant  tree  snail, 
Caracolus  caracolla  was  estimated  in  August  1966,  and  the  population) 
oxygen  consumption  was  conputed  for  various  possible  population  dena 
The  relative  abundances  of  these  species  fitted  well  the  MacArthur  (( 
"broken  stick"  model,  suggesting  that  in  the  relatively  honogeneous 
litter  environment  the  niches  of  gastropod  species  are  nonoverlappinij 
and  contiguous. 

1040.  Stone,  R. 

1899.  Agriculture  in  Puerto  Rico.  U.S.  Dep.  Agric.  Yearbook  183 
p.  505-514.   U.S.  Gov.  Print.  Off.,  Washington,  D.C. 

1041.  Swabey,  C. 

1939.  Forestry  and  erosion  in  Haiti  and  Puerto  Rico.  Jamaica 
Dep.  Sci.  and  Agric.  Bull.   21  (New  Series) ,  Kingston.  10  p. 

Land  usage  in  the  West  Indies  is  dcminated  by  limited  land  area, . 
rapidly  increasing  population  and  dependence  on  agricultural  crops, 
declining  in  value.   In  Haiti  excessive  deforestation  has  created 
land  problems  of  major  importance.  The  erosion  problems  of  Puerto 
Rico  are  discussed  also,  a  brief  history  of  the  U.S.  Forest  Service 
and  its  organization  is  given. 

1042.  Tamsitt,  J.  R. ,  and  Darlo  Valdivieso. 

1970.   Observations  on  bats  and  their  ectoparasites.  In  A  tropii 
rain  forest:  a  study  of  irradiation  and  ecology  at  El  Verde,, 
Puerto  Rico.  Howard  T.  Odum  and  Robert  F.  Pigeon,  eds.      f 
Ch.  E-9,  p.  E  123  -  E  128.  USAEC,  Oak  Ridge,  Tn. 


Four  species  of  bats  from  the  rain  forest  of  the  El  Verde  experimental 
area,  Luquillo  National  Forest,  Puerto  Rico  are  reported  on,  and  theij 
potential  of  the  forest  for  studies  in  neotropical  bat  ecology  and  ; 
population  dynamics  is  discussed. 

1043.  Taylor,  N.  Cavendish. 

1864.  Five  months  in  the  West  Indies,  Part  II  -  Martinique, 
Dominica,  and  Porto  Rico.  Ibis  6:157-164. 

1044.  Teesdale,  Laurence  V.,  and  James  W.  Girard. 

1945.  Wood  utilization  in  Puerto  Rico.  U.S.  For.  Serv. ,  For. 
Prod.  Lab.  Bull.  TP-21.  Madison,  Wise.  46  p.  [  mimeographed( 

1045.  Tordoff,  Herbert.  '' 

1947.  Forestry  publicity  through  display.  Caribb.  For.  8  (2): 83' I 
Spanish  version,  Caribb.  For.  8(2):85-89. 

1046.  Tordoff,  Herbert. 

1947.  Publicidad  forestal  valiendose  de  la  demostraci6n.  Caribl 
For.   8  (2): 85-89. 

ft  ; 

English  version,  Caribb.  For.   8  (2): 83-85.  ;' 
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1047.  Toro  Nazario,  J.  M. 

1944.  El  primer  dia  del  ^bol  en  Puerto  Rico  fue  auspiciado  por 

el  taltimo  gobemador  espanol.  Rev.  de  Agr.  de  P.R.  35(l):46-52. 

The  first  Arbor  Day  in  Puerto  Rico  was  initiated  by  the  last  Spanish 
Governor . 

1048.  Tbsi,  J.  A. ,  Jr. 

1959.  Forest  land  utilization  in  Western  Puerto  Rico.  Ph.D.  Diss., 
Clark  Univ.  University  Microfilms,  Inc.,  Ann  Arbor,  Mich.  511  p. 

1049.  Tower,  W.  V. 

1909.  Windbreaks.  The  Porto  Rico  Hort.  News.  2 (9): 1-2. 

1050.  Tropical  Forest  Experiment  Station  [now  named  Institute  of  Tropical 
Forestry] ,  Forest  Service,  USDA. 

1943.  Headquarters  office  and  laboratory  building  completed. 
Caribb.  For.  4(3)  :3. 

1051.  Tropical  Forest  Experiment  Station  [now  named  Institute  of  Tropical 
Forestry]  ,  Forest  Seirvice,  USDA. 

1945.  Cooperation  in  forest  research  in  the  Caribbean.  Caribb. 
For.  6(2):85-88. 

The  beginning  of  active  cooperation  in  tropical  forestry  research  and 
toward  establishment  of  a  Forest  Research  Center  for  the  Caribbean 
Area  has  been  accanplished  between  the  conptroller  for.  Developnent 
and  Welfare  of  the  British  West  Indies  and  the  Trop.  For.  Exp.  Stn., 
USDA  For.  Serv. ,  R£o  Piedras,  P.R. 

1052.  Tropical  Forest  Experiment  Station  [now  named  Institute  of  Tropical 
Forestry] ,  Forest  Service,  USDA. 

1940-1949.  First  9  Annual  Reports  of  the  Trop.  For.  Exp.  Stn. 

The  first  9  years'  reports  were  unpublished;  this  reference  refers  to 
a  bound  collection  located  in  the  librairy  of  the  Institute  of  Tropical 
Forestry,  Rio  Piedras,  P.R. 

1053.  Tropical  Forest  Experiment  Station  [now  named  Institute  of  Tropical 
Forestry],  Forest  Service,  USDA,  and  the  Agric.  Exp.  Stn.,  Univ.  of  P.R. 

1941.  A  preliminary  study  of  the  parcelero  system.  R£o  Piedras, 
P.R.  [unpublished] . 

At  the  time  this  system  was  adopted,  there  were  6  forest  units  belong- 
ing to  the  Federal  Govemnent  on  the  island:  Luquillo,  Toro  Negro, 
Guajataca,  Carite,  Susua,  and  Guilarte  (Prieto) .  The  Luquillo  unit 
was  subdivided  into  5  main  projects.  These  are  El  Verde,  PizS,  Cie- 
naga  Alta,  Sabana,  and  Del  Valle.  The  Toro  Negro  unit  was  coirposed 
of  three  projects:  El  Guineo,  Dona  Juana,  and  Matrullas.  The  Rio 
Aba jo  and  the  Isabela  projects  foimed  the  Guajataca  unit.  Guavate  and 
Patillas  constituted  what  was  known  as  the  Carite  unit.  With  tlie 
exception  of  the  Luquillo  unit,  known  as  the  Caribbean  National  Forest, 
and  part  of  Toro  Negro  unit  (Dona  Juana) ,  all  the  other  units  were 
bought  after  1935  by  the  Puerto  Rico  Reconstruction  Administration 
for  reforestation  purposes.  Although  these  lands  belonged  to  the 
Puerto  Rico  Reconstruction  Administration,  they  were  under  the  direct 
supervision  of  the  Forest  Service  of  the  United  States  Department  of 
Agriculture . 
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In  the  "Parcelero  Policy"  program,  a  plan  iiiade  land  available  to 
laborers  for  planting  and  cultivating  subsisting  crops.  Sane  of  th. 
land  was  to  be  used  only  for  agriculture  .  They  were  also  given  fore;; 
land  to  plant  and  care  for  forest  trees  planted  in  rotation  with 
subsistence  crops.  The  final  objective  was  to  create  a  group  of 
forest  laborers  who  would  grow  crops  for  their  own  use  and  obtain 
their  cash  incane  from  the  sale  of  forest  products. 

1054.  Tropical  Forest  Experiment  Station  [now  named  Institute  of  Tropical 
Forestry] ,  Forest  Service,  USDA. 

1948-49.  Ninth  Annual  Report  and  Program.  Caribb.  For.  10:81-1: 

1055.  Tropical  Forest  Experiment  Station,  Tropical  Region  [now  named  Insti- 
tute of  Tropical  Forestry] ,  Forest  Service,  USDA. 

1949.  Itenth  Annual  Report.  Caribb.  For.  ll(2):59-80. 

Spanish  version,  Caribb.  For.  11  (2) :81-104. 

1056.  Tropical  Forest  Experiment  Station,  Tropical  Region  [now  named  Insti- 
tute of  Tropical  Forestry] ,  Forest  Service,  USDA. 

1950.  Eleventh  Annual  Report.  Caribb.  For.   12(1): 1-17. 

Spanish  version,  Caribb.  For.  12(l):17-35. 

1057.  Tropical  Forest  Experiment  Station,  Tropical  Region  [now  named  Insti-v 
tute  of  Tropical  Forestry] ,  Forest  Service,  USDA.  ' 

1951.  Changes  in  crown  class  rapid  in  improved  stands.  In 
Eleventh  Annual  Report.  U.S.  Trop.  For.  Exp.  Stn. 
Caribb.  For.  12(1): 8-9;  25-6. 


1058.   Tropical  Forest  Experiment  Station,  Tropical  Region  [now  named  Insti-p 
tute  of  Tropical  Forestry] ,  USDA. 

1952.  Twelfth  Annual  Report.  Caribb.  For.  ]3(1):1-21. 


1059.   Tropical  Forest  Experiment  Station,  Tropical  Region  [now  named  Insti^^ 
tute  of  Tropical  Forestry] ,  USDA. 

1953.  Thirteenth  Annual  Report.  Caribb.  For.  14  (1/2) :l-33. 


1060.  Tropical  Forest  Experiment  Station,  Tropical  Region  [now  named  Insti|4 
tute  of  Tropical  Forestry] ,  Forest  Service,  USDA. 

1954.  Fourteenth  Annual  Report.  Caribb.  For.  16(1):1-13. 

1061.  Tropical  Forest  Research  Center  [now  named  Institute  of  Tropical 
Forestry] ,  Forest  Service,  USDA. 

1955.  Fifteenth  Annual  Report.  Caribb.  For.  16  (1/2) :1-11. 

1062.  Tropical  Forest  Pvesearch  Center  [now  named  Institute  of  Tropical 
Forestry] ,  Forest  Service,  USDA. 

1956.  Sixteentli  Annual  Report.  Caribb.  For.  17  (1/2)  :  1-11. 

1063.  Tropical  Forest  Research  Center  [now  named  Institute  of  Tropical 
Forestry],  Forest  Service,  USDA.' 

1957.  Seventeenth  Annual  Report.  Caribb.  For.  18  (1/2) :1-11. 
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1064.  Tropical  Forest  Research  Center  [now  named  Institute  of  Tropical 
Forestry] ,  Forest  Service,  USDA. 

1958.  Status  of  forestry  and  forest  research  in  Puerto  Rico  and 
the  Virgin  Islands:  The  Eighteenth  Annual  Report.  Caribb.  For. 
19(1/2) :l-24. 

1065.  Tropical  Forest  Research  Center  [now  named  Institute  of  Tropical 
Forestry] ,  Forest  Service,  USDA. 

1959.  Annual  Report  for  1958.  Caribb.  For.  20 (1/2) :1-10. 

1066.  Tropical  Forest  Research  Center  [now  named  Institute  of  Tropical 
Forestry] ,  Forest  Service,  USDA. 

1960.  Annual  Report  for  1959.  Caribb.  For.  21  (1/2) :1-11 . 

1067.  Tropical  Forest  Research  Center  [now  named  Institute  of  Tropical 
Forestry] ,  Forest  Service,  USDA. 

1961.  Annual  Report  for  1960.  Caribb.  For.  22  (1/2) :1-11. 

1068.  Tropical  Region  [now  named  Institute  of  Tropical  Forestry] ,  Forest 
Service,  USDA. 

194  9.  The  Caribbean  Forest  Atlas.  U.S.  Dep  Agric,  For. 
Serv.,  Rfo  Piedras,  P.R. 

This  atlas  includes  descriptive  and  factual  information  on  the  public 
acquisition  and  continuing  status  and  ownership  of  land  for  national 
forest  purposes  in  Puerto  Rico.  Information  cceipiled  during  1946-1948, 

1069.  Tschirley,  Fred  H. ,  Clyde  C.  Dowler,  and  James  A.  EXike. 

1970.  Species  diversity  in  two  plant  ccramunities  of  Puerto  Rico. 
In  A  tropical  rain  forest:  a  study  of  irradiation  and  ecology 
at  El  Verde,  Puerto  Fiico.  Howard  T.  (Ddum  and  Robert  F.  Pigeon, 
eds.  Ch.  B-7,  p.  B  91  -  B  96.   USABC,  Oak  Ridge,  Tn. 

Species  diversity  of  flora  in  the  wet  Tabonuco  forest  of  the  Luquillo 
Mountains  on  basalt  was  ccmpared  with  that  in  the  drier  montane  forest 
on  serpentine  at  Maricao  in  western  Puerto  Rico.  The  floristic  diver- 
sity on  the  drier  Maricao  soil  that  was  derived  from  nutrient-poor 
rocks  suggests  that  nutrients  can  be  cycled  and  recycled  through  the 
extant  plants  to  develop  a  rich  forest. 

1070.  Tukey,  H.  B. ,  Jr. 

1970.  Leaching  of  metabolism  from  foliage  and  its  implication  in 
the  tropical  rain  forest.  In  A  tropical  rain  forest:  a  study 
of  irradiation  and  ecology  at  El  Verde,  Puerto  Rico.  Howard  T. 
Odum  and  Robert  F.  Pigeon,  eds.  Ch.  H-11,  p.  H  155  -  H  160. 
USAEC,  Oak  Ridge,  Tn. 

Studies  were  made  of  the  leadiing  of  minerals  (phosphorus,  calcium, 
potassium,  magnesium,  zinc,  manganese,  iron,  copper,  boron,  aluminum, 
and  strontium)  from  healthy  rain  forest  seedlings  from  El  Verde,  including 
sugar  cane  and  banana.  Little,  if  any,  nutrients  were  leached  from 
young,  growing  seedlings  of  tree  species,  and  small  amounts  were  leached 
fron  young  banana  trees,  sugar  cane,  and  the  seedlings  of  the  rain 
forest  shrub  Palicourea. 
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1071.  Turner,  Frederick  B. ,  and  Clayton  S.  Gist. 

1970.  Observations  of  lizards  and  tree  frogs  in  an  irradiated 
Puerto  Rican  forest.  In  A  tropical  rain  forest:  a  study  of 
irradiation  and  ecology  at  El  Verde,  Puerto  Rico.  Howard  T. 
Odum  cind  Robert  F.  Pigeon,  eds.  Ch.  E-2,  p.  E  25  -  E  49. 
USAEC,  Oak  Ridge,  Tn. 

Populations  of  seraiarbor^al  (Anolis  gundlachi  and  _A.  evermanni)  and  a 
tree  frog,  Eleutherodactylus  portoricensis  (the  coqui) ,  were  studied 
at  El  Verde,  Puerto  Rico,  before  one  of  the  areas  was  exposed  to  gammai 
irradiation  and  again  following  the  experiiment . 
Animals  were  killed  by  irradiation,  and  the  density  of  all  species  wasi 
obviously  reduced  within  15  to  20  ra  of  the  source;  however,  young 
individuals  apparently  enjoyed  better  survival  because  of  time  spent 
below  ground. 

1072.  Ubeda  y  Delgado,  M. 

1878.  Isla  de  Puerto  Rico:  estado  hist6rico,  geogrSfico  y  esta- 
d£stico.  Establecimiento  Tip.  del  Boletfn,  San  Juan,  P.R.  29O0 

Account  of  Puerto  Rico's  history,  geography,  and  its  condition  in  18788 

1073.  Underwood,  L.  M. 

1901.  Report  on  a  trip  to  Porto  Rico.  J.  N.Y.  Bot.  Card.  2:166-11 

This  narrative  of  a  botanical  collecting  trip  is  the  first  work  done 
in  Puerto  Rico  under  the  auspices  of  the  New  York  Botanical  Garden. 

1074.  U.S.  Army  Engineers,  Division  Coirps  of  Engineers. 

1971.  National  shore- line  study,  regional  inventory  report.  South' 
Atlantic-Gulf  Region,  Puerto  Rico  and  the  Virgin  Islands. 

U.S.  Army  Engineers,  Corps  of  Engineers,  Atlanta,  Ga.  64  p. 

1075.  U.S.  Army  Engineers  Waterways  Experiment  Station,  Corps  of  Engineers. 

1960.  Trafficability  predictions  in  tropical  soils.  Puerto  Rico 
study.  Vicksburg,  Miss.  U.S.  Army,  Misc.  Paper  No.  4-355. 

1076.  U.S.  Departitent  of  Agriculture.  ■ai 

1968.  Highlights  in  the  history  of  forest  conservation.  Agric. 
Info.  Bull.  83  [rev.].  40  p. 

1077.  U.S.  Department  of  Agriculture,  Forest  Service. 

1940.  Caribbean  National  Forest.  U.S.  Dep.  Agric.  For.  Serv., 
South.  Reg.,  Atlanta,  Ga.  U.S.  Gov.  Print.  Off.,  Washington, 
D.C.   29  p. 

1078.  U.S.  Department  of  Agriculture,  Forest  Service. 

1943.  Latin  American  forest  resource  survey  organized.  Caribb. 
For.  4(2)  :76. 

1079.  U.S.  Department  of  Agriculture,  Forest  Service. 

1945.  Statement  of  policy  and  objectives  governing  the  forest  Ian 
of  the  people  of  Puerto  Rico.  Caribb.  For.  6  (4) : 171-177. 

Spanish  version,  Caribb.  For.  6 (4) :184-189. 
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1080.  U.S.  Department  of  Agriculture,  Forest  Service. 

1945.  Wood  utilization  in  Puerto  Rico.  U.S.  Dep.  Agric.  For.  Serv., 
Tech.  Pap.  21.  46  p.  plus  illus. 

1081.  U.S.  Department  of  Agriculture,  Forest  Service. 

1946.  Legislation,  progress  in  tropical  forest.  Caribb.  For. 
7(4):275-276. 

1082.  U.S.  Department  of  Agriculture,  Forest  Service. 

1946.  Programa  dasondmico  para  las  tierras  forestales  de  Puerto 
Rico.  Caribb.  For.  7  (4) :281-283. 

English  version,  Caribb.  For.  7  (4) :277-278 . 

1083.  U.S.  Department  of  Agriculture,  Forest  Service. 

1946.  Program  for  forestry  and  forest  lands  in  Puerto  Rico. 
Caribb.  For.  7(4):277-278 

Spanish  version,  Caribb.  For.  7  (4): 281-283  . 

1084.  U.S.  Department  of  Agriculture,  Forest  Service. 

1946.  El  progreso  de  la  legislaci6n  forestal  en  el  Caribe. 
Caribb.  For.  7  (4) :279-280. 

English  version,  Caribb.  For.  7  (4) :275-276. 

1085.  U.S.  Department  of  Agriculture,  Forest  Service. 

1946.  Progress  in  tropical  forest  legislation. 
Caribb.  For.  7  (4) :275-276. 

Spanish  version,  Caribb.  For.  7  (4) :279-280. 

1086.  U.S.  Department  of  Agriculture,  Forest  Service. 

1948.  Resumen  de  la  investigaci6n  forestal  en  Puerto  Rico. 
Caribb.  For.  9(l):70-83. 

English  version,  Caribb.  For.  9(1): 57-69. 

1087.  U.S.  Department  of  Agriculture,  Forest  Service. 

1948.  Summary  of  forest  research  in  Puerto  Rico. 
Caribb.  For.  9(1): 57-69. 

A  Spanish  version,  Caribb.  For.  9(1): 70-83. 

1088.  U.S.  Department  of  Agriculture,  Forest  Service. 

1950.  Tkiiestramiento  forestal  en  Puerto  Rico  bajo  el  programa  del 
"Punto  Cuatro . "  Caribb .  For .  1 1  (2 ) : 58 . 

Forestry  training  in  Puerto  Rico  under  the  Point  Four  Program. 

1089.  U.S.  Departnent  of  Agriculture,  Forest  Service,  Caribbean  National 
Forest . 

[n.d.]   Reader's  guide  to  the  Caribbean  National  Forest  plans. 
Forestry  training  in  Puerto  Rico  under  the  Point  Four  Program. 
U.S.  Dep.  Agric.  For.  Serv.,  Inst.  Trop.  For.,  R£o  Piedras,  P.R. 
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1090.  U.S.  Department  of  Agriculture,  Forest  Service,  Tropical  Region.   [na 
named  Institute  of  Tropical  Forestry] . 

1947.  Clasificaci6n  general  de  las  especies  madereras  mSs  impor- 
tantes  en  los  bosques  naturales  de  Puerto  Rico.   [General  clas5: 
fication  of  the  most  important  woody  species  of  the  natural 
forests  of  Puerto  Rico].  Rev.  de  Agr.  de  P.R.  38  (2) : 135-136 

This  classification,  prepared  iDy  the  Department  of  Agriculture,  Foresit 
Service,  Tropical  Region,  is  based  on  data  from  "Timbers  of  the  World" 
by  Record  and  Hess,  Yale  University  Press,  1943;  "Tropical  Vfoods," 
Yale  University  1925;  sane  British  publications;  the  experience  and 
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APPENDIX 


HIGHLIGHTS  OF  FORESTRY  IN  PUERTO  RICO  AND  U.S.  VIRGIN  ISLANDS 


"Eighth  Law"  of  Spain,  first    1920 
legal  provision  contemplating 
tree  planting  on  granted  land 
in  the  "Indies" . 

Introduction  of  West  Indies 
Mahogany  to  the  Danish  West     1921 
Indies  (now  U.S.  Virgin 
Islands)  subsequently  widely 
planted  along  roadsides  and 
fencerows.  1928 

First  Puerto  Rican  forest 
conservation  law. 


Beginning  of  large-scale 
program  of  trial  plantings 
with  exotic  and  native  tree 
species.   First  tree  nursery 
established. 

Insular  Forest  Service  began 
program  of  tree  distribution 
to  landowners 

Position  of  Extension  Forester 
established  in  University  of 
Puerto  Rico  Extension  Service. 


1931 


1931 


1932 


1933 


Public  forestry  commission 
established  in  Puerto  Rico  by 
Spain,  first  comprehensive 
forest  law. 

First  Spanish  public  forestry 
appropriation  for  Puerto  Rico 

Crown  lands  of  Puerto  Rico 
passed  from  Spain  to  the 
United  States. 

U.S.  proclaimed  Luquillo 
Forest  Reserve. 

The  Luquillo  Forest  Reserve 
was  changed  to  Luquillo 
National  Forest. 

First  boundary  survey  of 
Luquillo  Forest  completed; 
area  12,443  acres. 


First  Supervisor  of  Luquillo 
Forest  appointed.   Insular 
Forest  Service  also  created     1934 
within  the  Puerto  Rico  Depart- 
ment of  Agriculture  and  Labor, 
placed  under  same  supervisor. 

Virgin  Islands  purchased  from 
Denmark  by  the  United  States . 

P.  R.  Government  reserved       1935 
mangroves  at  San  Juan,  Ceiba, 
Aguirre,  Boqueron ,  and  the 
upland  forests  of  Maricao, 
Guanica,  and  Mona  and  Monito 
Islands,  totalling  nearly 
34,000  acres. 
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1930-32  U.S.  Bureau  of  Efficiency 
reforestation  program  in 
Virgin  Islands. 


Public  purchase  of  lands  for 
forestry  begun  in  Puerto  Rico. 
Total  area  now  98,000  acres. 

First  forest  plantations 
(Mahogany)  established  within 
the  Luquillo  National  Forest. 

First  policy  statement  of  the 
Luquillo  National  Forest. 

Emergency  Conservation  Program 
began,  and  with  Civilian 
Conservation  Corps  (CCC) 
program  that  succeeded  it  in 
1937  accomplished  extensive 
work  in  reforestation,  forest 
road  construction,  and  rec- 
reational and  administrative 
improvements  within  both 
Federal  and  State  Forests. 

Major  reforestation  program 
within  public  forests  was 
begun.   In  the  next  twelve 
years,  over  18,000  acres 
planted  with  53  tree  species, 
28  of  which  were  native 
species . 

The  Luquillo  National  Forest 
was  renamed  the  Caribbean 
National  Forest  to  accommodate 
the  Toro  Negro  Purchase  Unit 
in  Central  Puerto  Rico  where 
1,500  acres  were  subsequently 
purchased  by  U.  S  .  Forest  Service . 


1935  Third  Forest  Service  set  up  under 
Puerto  Rico  Reconstruction  Admin- 
istration of  the  U.S.  Department 
of  the  Interior  but  administered 
by  the  Forest  Service  of  USDA; 
established  Carite,  Rfo  Abajo, 
Guajataca,  Guilarte,  and  Susua 
Forests,  and  expanded  Toro  Negro 
Unit,  purchasing  21,750  acres. 

1937  First  systematic  timber  inventory 
made  of  the  Caribbean  National 
Forest. 

1939  Tropical  Forest  Experiment  Station 

(now  Institute  of  Tropical 
Forestry)  established  in  Puerto 
Rico.   First  24  volumes  of  The 
Caribbean  Forester  published. 
Scientific  testing  of  site  adapt- 
ability program  begun,  since  has 
tested  more  than  100  native  species 
and  more  than  350  introducted 
species . 

1940  Mona  Island  withdrawn  from  Insular 
Forest  System. 

1943  Puerto  Rico  Reconstruction 

Administration  Forest  Service 
discontinued  and  its  lands  at 
Carite,  Rio  Abajo,  Guajataca, 
Guilarte  and  Susua  transferred  to 
Puerto  Rico  Forest  Service,  and 
those  at  Toro  Negro  to  the  U.S. 
Forest  Service . 

1946  All  public  forests,  including  the 
Caribbean  National  Forest,  made 
insular  wildlife  refuges. 

1949  First  timber  management  plan  com- 
pleted for  the  Caribbean  National 
Forest. 

1949  Land  Authority  of  Puerto  Rico 
transferred  what  is  now  the 
Cambalache  Forest  to  the  Depart- 
ment of  Agriculture  and  Commerce. 
These  lands  were  then  ceded  to  the 
Puerto  Rico  Forest  Service,  a  part 
of  this  department. 

1951  The  Ensenada  section  of  the 

Guanica  Forest  comprising  1,600 
acres,  and  the  area  now  called 
Vega  Forest  transferred  from  the 
Land  Authority  to  the  Puerto  Rico 
Forest  Service. 


170 


1952  First  island-wide  forest 
inventory  undertaken  by  Pue 
Rico  Forest  Service. 

1953  Virgin  Islands  Corporation 
forestry  program  begun.   14 
acre  Estate  Thomas  Experi- 
mental Forest  reserved  in 
St.  Croix.  V, 

1953  Puerto  Rico  Forest  Service] 
separated  from  U.S.  Forest] 
Service . 


1953 


1956 


1956 


1959 


1967 


1968 


First  of  international 
tropical  forestry  short 
courses  held  at  the  Institu 
of  Tropical  Forestry. 

Cooperative  Forest  Manageme: 
program  begun  by  Federal  an^ 
State  governments  to  inten- 
sify technical  forestry  ass.jfli 
ance  to  private  landowners,, 
wood  processors,  and  forest! 
products  consumers. 


Caribbean  National  Forest 
administratively  designated 
also  Luquillo  Experimental 
Forest  to  recognize  the  gro' 
ing  importance  of  research 
work  there. 

Successful  introduction  of 
Caribbean  pine  (Pinus     m 
caribaea)  in  Puerto  Rico, 
since  proven  adaptable  to  m 
of  the  island.  ^ 

Virgin  Islands  Territorial 
Government  initiated  its  ow 
forestry  program  in  coopera 
tion  with  U.S.  Forest  Servi : 

Formal  research  efforts  to 
save  the  Puerto  Rican  parro' 
begun  in  the  Caribbean 
National  Forest.   Wild  popuf 
tion  then  27  birds. 


1970  Toro  Negro  Unit  transferred 
to  Puerto  Rico  Forest  Syste 
in  exchange  for  lands  added' 
the  Luquillo  Unit  of  the 
Caribbean  National  Forest. 

1973  The  Caribbean  National  Fore| 
and  Cooperative  State  and  P' 
vate  programs  separated  fro 


'HkJi 


research  activities  and  admin- 
istered by  Southern  Region 
(Atlanta)  of  the  National 
Forest  System. 

Administration  of  the  State  Forests 
transferred  from  the  Puerto  Rico 
Department  of  Agriculture  to  the 
P.R.  Department  of  Natural 
Resources. 

The  Commonwealth  enacts  Law  133  - 
The  Puerto  Rico  Forest  Act  giving 
the  Department  of  Natural  Resources 
new  powers  to  administer  the  for- 
ests of  Puerto  Rico. 

The  P.R.  Department  of  Natural 
Resources  completed  first  master 
plan  for  its  forest  lands. 

Luquillo  Experimental  Forest 
designated  by  the  United  States  as 
part  of  the  international  network 
of  Biosphere  Reserves. 

The  Institute  of  Tropical  Forestry 
transferred  from  the  Office  of  the 
Chief  of  the  U.S.  Forest  Service 
to  the  Southern  Forest  Experiment 
Station  (New  Orleans) ,  as  its 
Tropical  American  Forest  Management 
Research  Unit. 
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Garcia-Tudurf ,  Jose  G 
Garver,  Earl  S. 
Gates,  D.  M. 
Gaztambide,  Juan  B. 


317,318 
263 
319 
320 
321-324;  1352 
325 
326,327 
328 
329 
330 
331,332 
333 
614 

334-339 

1351 
340 
341 
342,343 


ial 
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UkJ 


Geary,  T.  F.   190,191;  344-351;  1297 

Gerhart,  G.  A.  352 

Gerry,  Eloise  353 

Gifford,  C.  R.  719 

Gifford,  John  Clayton  354 

Gill,  A.  M.  355 

Gill,  Tom  356 

Gill-Bentiejo  Garcia,  J.  357 

Gilormini,  Jose  A.  358-363 

Girard,  James  W.  1044 

Gist,  Clayton  S.  1071 

Giusti,  E.  V.  364 

Gleason,  Henry  Allan  223,224;  365 

Glynn,  P.  W.  366,367 

Golfari,  Lamberto  45 

Golley,  Frank  B.  368,369 

Gomberg,  H.  T.  370 

Gonzalez,  Carlos  G.  400 

Gonzalez,   I.   G.  366 

GonzSlez-Liboy,   Jose  A.  200;    371;    612 

GonzSlez-Mas ,  Arturo  372,373 

Goytia  OliT^do,  Ernesto  92;    188,189; 
192-197;    292,293;    296,297 


Grabau,  Warren  E. 
Gray,  R.  W. 
Green,  E.  A. 
Gregory,  L.   E. 
Gregoiy,   Lais 
:i:iseback,  A.   H.   R. 
3roff,   G.   G. 
irosourdy,  R.  de 
^undlach,  J. 
laas,  William  tferman 
laber,  W.  A. 
^cskaylo,  Edward 
ladley,   H.   H. 
^gloy,   E.   W. 
jiall,  Roscoe  M.,  Jr. 
[all,  W.  M. 


4 

374 

375 

376 

377,378 

379 

380 

381 

382 

383 

384 

385,386;  1154 

387 

388 

389 

390 


Haman,  M.  391 

Hamilton,  Gulielmus  392 

Hamilton,  S.  H.  393 

Hanson,  E.  394 

Harrar,  E.  S.  395 

Harrington,  M.  W.  396 

Harris,  J.  B.  Ill 

Hart,  Freck  397 

Hartshorn,  G.  S.  1298 

Heatwole,  H.  398 

Heatwole,  Harold  399 

Heidel,  S.  G.  1348 

Helfenbein,  Herman  400 

Helmuth,  Billy  T.  255 
Hem&idez  Agosto,  Miguel  A.   401,402 

Hess,  R.  W.  258 

Hess,  Robert  W.  963 

Hibbin,  T.  403 

Hildner,  W.  K.  502 

Hill,  L.  W.  404-407;  728 

Hill,  R.  T.  408 

Hill,  Robert  409 

Hinojosa,  Gilberto  1299 

Holdridge,  L.  R.  410-426 

Holler,  J.  R.  427 

Holler,  James  R.  428 

Hollick,  Arthur  429-432 

Holsten,  E.  H.  991 

Horn,  Claud  L.  433 

Hottle,  Walter  D.  434 

HDward,  Alexander  L.  435 

Howard,  Richard  A.  436-440;  1263 

Howe,  Marshall  A.  441 

Howell,  B.  442 

Howes,  C.  D.  1139,  1140 

Huckenpahler,  B.  J.  1254,1255 

Hutton,  Robert  S.  443 

Hyman,  Margaret  444 
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Ibarra-Coronado ,  R.  [Ratal] 

(see  also  Ybarra-Coronado ,  R.  [Raul) 
119;  347;  723 

Institute  of  Tropical  Forestry,  Forest 
Service,  USDA 

(see  also  Experiment  Station; 
Tropical  Forest  Research  Center; 
Tropical  Region)   180;  445-464;  882; 
903;  1050-1068;  1090 

Institute  de  Dasononla  Tropical 

(Institute  of  Tropical  Forestry, 
Forest  Service,  USDA)   180; 
445-464;  882;  905;  1050-1068;  1090 


lornes,  M.  J. 


446-467 


Irizarry,  Edith  Robles  de     468; 
503-505 


Jackson,  C.  F. 

469 

Jackson,  W.  B. 

1278 

Jagels,  F.  P. 

470 

Johnson,  Philip  L. 

471,472 

Jones,  C.  F. 

473 

Jordan,  Carl  F. 

474-480; 

492-494;  769 

Jordan  D.  G. 

481 

Ju^ez ,  J . ,  Jr . 

615 

Kaye,  C.  A. 

482 

Kaye,  Clifford  A. 

483 

Kepler,  Angela  Kay 

484,485;  488 

Kepler,  Caineron  B. 

486-489 

Kinzel,  A. 

79 

Kline,  J.  R. 

477;  490-497;  767 

Klots,  E.  B. 

498 

Knapp,  Slaman  A. 

499 

Kobuski,  Clarence  E.      500 

Koening,  N. 

501 

Kolehmainen ,  S.  E. 

502 

Koo,  F.  K.  S. 

468;  503-506;  1146 

Kramer,  William  P. 

507-543 

Kumme,  K.  W.  0. 

544 

Kuntze,  Otto 

545,546 

La  Bastille,  Anne 

547 

Lamb.  F.  Bruce 

112;  548-550 

Lapiana,  M.  J. 

Lavandero,  Carlos  F. 

Lavigne,  Robert  J. 

Ledru,  Andre  P. 

Legrand,  J.  Federico 

Leon,  Jorge 

Leopold,  N.  F. 

Liegel,  Leon  H. 

Lin^s,  Raul 

Liogier,  Alain  H. 

Little,  Elbert  L. ,  Jr. 
1350 

Littlefield,  E.  W. 

Lobeck,  A.  K. 

Longwood,  F.  R. 

L6pez,  B.  A. 

L6pez  Abrams,  Betsy 

L6pez,  M.  A. 

L6pez  Canales,  Manuel 

L6pez  de  Velasco,  Juan 

Loustalot,  A.  J. 

Lovler ,  Ronnie 

Lucchetti,  A. 


799 
551 
213 
553 

554-572 
573 
574   . 
575-577;  1352 
578 
579,580 
581-591 

592 
593 

594-597 
598 
599 
364 

600 

601 

602 

603 
604 


Lugo,  Ariel  E.       177;  200;  203-204; 
371;  605-612;  770,771;  813,814 

Lugo  L6pez,  M.  A. 

Luse,  Robert 

Lyford,  W.  H. 

McCandless ,  I.  B. 

McClelland,  T.  B. 

McCormick,  J.  Frank 

McOonough,  James 

Mclntyre,  D.  H. 

McMahan,  E.  A. 

McMahan,  Elizabeth  A. 

McManus ,  Irene 

McMillen,  J.  M. 

r-laclas  Zanabria,   F.   R. 
1300 


88;  613,613a;  616  :}^ 

617             k 

618            ft 

619,620         k 

621             Ml 

622-624         k 

625             Ml 

626             Hi 

768             :{i 

627,628       ;/i 

629            h 

630            ife 

348;  1141;     L 
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Magruder,  Joel 

Maguire,  Bassett,  Jr. 

Malaret,  Augusto 

Malaret,  Rene  Jimenez 

Maldonado,  Edwin  D. 
635-641 

Mann,  R.  I. 

March^,  F.  J. 

Margalef,  R. 

Margenat,  Alfredo 

M^quez,  Juan  Luis 

Marrero,  Joaquin  F. 


631 
632 
633 
634 
197;  294,295; 

642 
643 
644 
645 
646 
647 


Marrero,  Jose       113;  426;  588; 
648-681;  1256,1257 

Martinez  Nadal,  NoemI  G.  682 

Martinez  Oramas,  Joaquin  683,684 

Martorell,  Luis  F.  685-705; 
1347;  1351 


! Matthews,  Barbara  M. 

iMatos,  Cruz  A. 

1 

^Mattoon,  W.  R. 

Maury,  Car lota  J. 

Maxon,  William  R. 

Maza,  M.  G.  de  la 

Medina-Gaud,  S. 

Melendez  Munoz,  Miguel 

Melgarejo,  Juan 

Mell,  Clayton  D. 

Mercado,  Nelson 

Vfeyerhoff,   H.  A. 

^ers,  J. 

^ller,   H.   A. 

filler,  K.   R. 

mispaugh,  C.  F. 

Mitchell,  Raoul  C. 

jiLxer,  Knowlton 

'tonteith,  D.   B. 

foore,  Allen  M. 

iDore,  C.   G. 


706 
707 
708 
709 
710 
711 
1301 

712 
713 
964 

495;  714 
715,716 
717 
989 
718,719 
720 
721 
722 

723;  406,407 
772 
384 


Morris,  Gregory  L.  203,204 

Morton,  H.  L,  265 

Mosquera  Moreno,  Menandra    724,725 

Muniz  McCormick,  Carlos      425 

Munoz,  Juan  E.  726-728; 

1142,1143 


Munoz,  L.  A. 

729 

Muratti,  Jose 

400 

Murphy,  Louis  S. 

730,731 

Murphy,  Peter  G. 

732,733;  773; 

1306 

Murray,  Louis  S. 

156 

Murray,  Robert  Rose 

734 

NevSres,  R. ,  Jr. 

735 

Nevling,  L.  I. 

736 

Nevling,  Lorin  I.,  Jr.   737,738 

New  York  Academy  of  Sciences     739 

Newton,  H.  K.  6 

Nieves,  Luis  O.       1274,1275 

Nieves  Rivera,  Carlos     740 

Noble,  W.  D.  741 

Nobles,  R.  W.        114-116;  349; 
742-745 

Noll,  John  J.         746 

Nolla,  J.  A.  B.       747 

Northwestern  University      748 

Nunez  Melendez,  E.       749 

Ocasio,  Juan  Manuel      750 

Odum,  Howard  T.  369;_  496 ,497;505;  751-774 

Ogle,  Carol  June        775 

Ogle,  Richard  A.        776 

Oliver  Lugo,  Fernando    777,778 

Olson,  J.  S.  787 

Ortiz,  Victor  R.        779-781 

Osborne,  H.  782 

Otarola,  A.         783;  1302 

Otero,  J.  I.        784 

Otero,  Jose  I.       785 

Otero,  L.  P.  de      784 


177 


Ovington,  J.  D. 

786  ,787 

Pagan,  C. 

602 

Pagan,  F.  A. 

13 

Pag^-Font,  Francisco  A.      788 

Page,  H.  J.  789 

Pate,  W.  W.  790 

Parkes,  K.  C.  489 

Paz  Salamandra,  N.  791 

Peck,  Edward  C.  641 

Pendelton,  R.  L.  792 

Pennock,  William  793 

Pereles,  Jose  794 

Perez,  Jose  W.  795;  1018 

Perez-Escolar ,  R.  615 

Perez  Vazquez,  Carlos  796 

Perkins,  J.  797 

Perry,  Jercme  J.  798 

Persinos,  G.  J.  799 

Peters,  J.  G.  802 

Petrichik,  Bernard  800 

Petrichik,  Harriet  800 

Petrunkevitch ,  A.  801 

Peyton,  J.  S.  802 

Pico,  Rafael       403;  803-809 

Pigeon,  Robert  F.  760 

Plank,  H.  B.         810-812 

Pool,  Douglas  J.      203,204;  547; 
813,814 

Porto  Rico,  (niisc.)  815-820 

Preece,  Margot  821,822 

Price,  C.  A.  823 

Provanetti,  Dondjigo  824 

Puerto  Rico   (misc.)  825-837 

Puerto  Rico  Aqueduct  and 

Sewer  Authoruty  828 

[Puerto  Rico.  Arboles]  829-831 
941-946 

Puerto  Rico,  Autoridad  de  las 

Fuentes  Fluviales  832 
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[Puerto  Rico. 

[Puerto  Rico. 
Luquillo] 

[Puerto  Rico, 
de  Isla] 


Aves] 
Bosque  de 


833 


834 


Bosque  Nacional 
835 


[Puerto  Rico.     Bosques] 


836,837 


Puerto  Rico,  Bureau  of  Economics 
and  Statistics         838-862 


[Puerto  Rico.  Cadam] 

[Puerto  Rico.  Caribbean 
National  Forest] 


863 


[Puerto  Rico. 
[Puerto  Rico. 


864 

Conservation]    865 
Parrot]     866,867 


Puerto  Rico:  Delegaci6n  de 
Conservacion  de  Suelos, 
Aguas  y  Bosques       868 


Puerto  Rico,  Departamento  de 


Agricultura 


869-882;  924 


Puerto  Rico,  Departamento  de 

Agricultura,  Area  de  Servicios 
Auxiliares  y  Operaciones 
Centralizados         873 


Puerto  Rico,  Departamento  de 
Agricultura  y  Canercio 
877-881 


874; 


Puerto  Rico,  Department  of 

Agriculture         869-882;  924 

Puerto  Rico,  Depari^nent  of 

Agriculture  and  Conmerce  874; 
877-881 

Puerto  Rico,  Department  of 
Agriculture,  Office  of 
Conservation  of  Forest 
Resources  882 

Puerto  Rico,  Department  of 

Natural  Resources      883-897;  110 

Puerto  Rico,  Econcmic  Development 

Administration        898;  948  h 


[Puerto  Rico.  El  Yunque] 


952 


Puerto  Rico,  Environmental 
Quality  Board  [Junta  de 
Calidad  Ambiental]      899-901; 
906-910 

[Puerto  Rico.  Forestry]    902-904 

[Puerto  Rico.  Institute  of 

Tropical  Forestry      905 


h 

h 

h 
k 


Puerto  Rico.  Junta  de  Calidad 
Ambiental   [Environmental 
Quality  Board  899-901;  906-910 


[Puerto  Rico. 
[Puerto  Rico. 
[Puerto  Rico. 
[Puerto  Rico. 


Legislature]   911,912 
Luquillo,  Forest]    913 


Mangroves] 
Honduras  pine] 


Puerto  Rico  Planning  Board 

Puerto  Rico.  Puerto  Rico  and 
the  Sea  Cannittee 

Puerto  Rico  Reconstruction 
Administration 

[Puerto  Rico.  Recur sos 
Forestales] 

[Puerto  Rico.  Reforestation] 

Puerto  Rico.  Secretaria  de 
Agricultura 

[Puerto  Rico.  Seedlings] 


914-917 
918 
919 

920 

921 

922 
923 

924 
925 


Puerto  Rico,  Servicio  de 
Extensi6n  Agricola 
1103-1105 


[Puerto  Rico. 
941-946 


Trees] 


926-940; 
829-831; 


Puerto  Rico,  Universidad  de, 

Escuela  de  Derecho,  Institute 
de  Derecho  Urbano         947 

Puerto  Rico,  University  of,  and 
the  Econcmic  Development 
Administration  948 

Puerto  Rico,  University  of. 
Agricultural  Experiment 
Station  1053;  1103 

:\ierto  Rico,  University  of, 
J   Agricultural  Extension 

Service       926-940  ;1104,1105; 

>uerto  Rico,  University  of. 
College  of  Agricultural 
Sciences  1106,1107 

Puerto  Rico.  Urban  Forestry     949 

(Puerto  Rico.  Vac£a  Talega]      950 

'uerto  Rico,  Water  Resources 

Authority  951 

Puerto  Rico,  Yunque]  952 

(uarterman,  Elsie  953 

uiles  Col6n,  Heriberto  954 


Quinones,  Luis  R. 
Raf f aele ,  Herbert 
Raines,  Gilbert 
Ramos ,  Francisco 
Ramos  L6pez,  Juan 


955 
956,957;  1352 
80 
958 
959 


Rasmussen,  Reinhold  A.  443 

Recher,  Harry  F.  960,961 

Recher,  Judy  T.  961 

Record,  Samuel  J.  962-964 

Reddy,  C.  V.  K.  965 

Reid,  D,  G,  395 

Reid,  David  966 

Ricciuti,  Edward  R.  967,968 

Richards,  Douglas  D.  969 

Rivera,  Angel  970 

Rivera,  Julio  971 

Rivera,  Luis  H.  616;  972 

Rivera  Brenes,  L.  973 

Rivera  Landr6n,  Francisco  974 

Rivero,  J.  763 

Roberts,  Ray  Clayton  975 

Robles,  Edith  de  Irizarry 

(see  also  Irizarry,  Edith 

Robles  de)       468;  503-  505 

Rodriguez,  A.      '  1144 

Rodriguez  Pih^,  Julio  400 

Rodriguez  San  Pedro,  Joaquin    976 

Rodriguez-Vidal ,  Jose  A.  977,978 

Rojas  Daporta,  M.  979,980 

Rojas  Daporta,  Malen  981-983 

Ronney- Joseph ,  C.  973 

Roosevelt,  Theodore  934 

Rosario,  Jos^  985 

Rossy,  Abel  399 

Rouse,  I.  986 

Routte,  E.  987 

Ruiz-Reyes,  J.  774 

Rushing,  William  N.  4;  988 

Russell,  Keith  W.  989 
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Salazar,  R. 

Samuels,  George 

Sanchez,  J.  C. 

San tana,  Pedro  M. 
Sawbey,  C. 

Schauss.  W. 

Schmidt,  K.  P. 


783 

990 
991 
992 
993 
994 
995,996 


Schubert,  Thomas  H.     997-999; 
1258;  1356 


Schuchert,  C. 

1000 

Seaver,  F.  J. 

1001 

Seda,  Benjan^n 

1002-1004 

Seguinot  Robles,  Pedro    1284,1285 
Selander,  Robert  K.        761 

Shafer,  J.  A.  1005,1006 

Sherman,  E.  A.  1007 

Shier s,  D.  1008 

Smedley,  D.  1009 

Smith,  M.  R.  1010 

Smith,  R.  F.  1011 

Snaith,  Richard  M,  1012 

Smith,  Robert  Ford  1013-1016 

Snedaker,  Samuel  610;  813,814 

Soils,  Emilio  1259,1260 

Sollins,  Nancy  F.  628 

Sollins,  Phillip  1017 

Soriano-Ressey ,  Niario  1018 

Sorrie,  B.  1019 

Sorsa,  Veikko  1020 
Spain,  Ministry  of  Ultramar    1021 

Sparhawk,  William  N.  1357 

Sposta,  Joseph  W.  1022-1024 

Stahl,  Agustin  1025-1027 

Steere,  W.  C.  239 

Steere,  William  C.  1028 

Stehle,  Henri  1029-1032 

Stein,  A.  H.  1033 

Stejneger,  L.  1034 


Stella,  Tomas 

1035,1036     1! 

Stevens,  F.  L. 

1037          1 

Stevenson,  Tom 

1038         1 

Stiven,  Alan  E. 

1039 

Stone,  R. 

1040 

Stotler,  R. 

326,327 

Suarez,  J.  L. 
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Swabey,  C. 

1041          1 

Tamsitt,  J.  R. 

1042 

Taylor,  N.  Cavendish 

1043 

Teesdale,  Laurence  V. 

1044         ^' 

Telek,  L. 

1139,1140 

Tordoff,  Herbert 

1045,1046 

Toro,  Gabriel  A. 

del 

576,577 

Toro  Nazario,  J. 

M. 

1047 

Toro,  R.  A. 

784 

Toro,  Rafael  A. 

785 

Tosi,  J.  A. ,  Jr. 

1048 

Tower,  W.  V. 

1049 

Tropical  Forest  Experiment 

Station  (now  named  Institute 
of  Tropical  Forestry,  Southern 
Forest  Experiment  Station, 
Forest  Service,  USDA    1050-1060 

Tropical  Forest  Experiment 

Station,  Tropical  Region  (now 
named  Institute  of  Tropical 
Forestry,  Forest  Service,  USDA 

1055-1060 

Tropical  Forest  Research  Center,      jj 
(now  named  Institute  of  Tropical 
Forestry,  Southern  Forest  Experiment 
Station,  Forest  Service,  USDA 

180;  1061-1067 

Tropical  Region  (now  named  Institute 
of  Tropical  Forestry,  Southern 
Forest  Experiment  Station,  Forest 
Service ,  USDA 


Tschirley,  Fred  H. 
Tukey,  H.  B. 
Turner,  Frederick  B. 
Ubeda  y  Delgado,  M. 
Underwood,  L.  M. 


1055-1060;  1068 
263-265;  1069 
1070 

1071 

1072 

1073 


180 


U.S.  Anrr/  Engineers  Division, 

Corps  of  Engineers     1074,1075 


U.S.  Army  Engineer  Waterways 
Experiment  Station, 
Corps  of  Engineers 


1075 


U.S.  Department  of  Agriculture 

881,882;  1076-1107 

U.S.  Department  of  Agriculture, 

Forest  Service   881,882;  1077-1090 

U.S.  Department  of  Agriculture, 
Forest  Service,  Caribbean 
National  Forest  1089 

U.S.  Department  of  Agriculture, 
Forest  Service,  Institute  of 
Tropical  Forestry    882;  1077-1090 

U.S.  Department  of  Agriculture, 

Forest  Service,  Tropical  Region 
(now  named  Institute  of  Tropical 
Forestry,  Southern  Forest 
Experiment  Station        1090 

U.S.  Department  of  Agriculture, 
Soil  Conservation  Service 

1091-1107 


U.S.  Weather  Bureau 


1108 


Universidad  de  Puerto  Rico, 

Escuela  de  Derecho,  Institute 
de  Derecho  Urbano      947 

University  of  Puerto  Rico  and  the 
Econonic  Development 
Administration        948 

University  of  Puerto  Rico, 
Agricultural  Experiment 
Station  1053;  1103 

LBiiversity  of  Puerto  Rico, 
Agricultural  Extension 
Service      926-940;  1104,1105 

University  of  Puerto  Rico, 
College  of  Agricultural 


Sciences 
Upson,  Arthur  T. 
Urban ,  I . 
Vahl,  Martin 
Valdivieso,  Darfo 
Valles,  J.  M. 
Van  der  Schalie,  H 
Van  Zwaluwenberg ,  R.  H. 


I 


1106,1107 
400;  1109-1113 
1114-1118 
1119 
1042 
171 
1120 
1121 


Vazquez,  Alfonso  256 

Vazquez  Garcia,  Salvador  1122 

Vazquez  Perez,  Carlos  J.  1123 

Velarde,  J.  A.  1124 

Velazquez,  Imaro  1125 

Velez,  Ismael  377,378 

Velez,  Manuel  J.,  Jr.  1126 

Venator,  Charles  R.   (see  also 

erroneous  listings  as  "Venator, 
R.  C."  and/or  'Venator,  Robert") 
506;  1127-1146 

Venator,  Robert  and/or  Venator, 

R.  C.  (erroneous  listings — see 
also  correct  listing  as  Venator, 
Charles  R.)  506 


Villalobos,  B.  F. 

973 

Virkii,  Niilo 

1147 

Vivaldi,  Santiago  A. 

1148-1153 

von  Furstenberg,  P. 

(see  Furstenberg,  P. 

von) 

Vozzo,  J.  A. 

117;  1154 

Wadsworth,  Frank  H.      118;  587-590; 
679-681;  1113;  ,1155-1260 

Wadsworth,  Robert  Kenneth  1261,1262 

Wagner,  Anstiss  B.  1263 

Wagner,  Richard  J.  1263 

Wangaard,  F.  F.  258 

Water  Information  Center  Inc.  1264 

Watson,  Henry  1265 

Watson,  Robert  1266 

Wawriew,  R.  198 


Weaver,  Peter  L. 
1267-1275 

Weinbren,  B.  M. 

Weinbren,  M.  P. 

Wellwood,  R.  W. 

Wetmore,  A. 

White,  David  G. 

l^iite,  H.  H. 


164;  238; 

1276-1278 
1276-1278 
1279,1280 
1281,1282 
1283  -  1285 
1296 
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Whitmore,  Jacob  L.    302,303;  331,332; 
724;  783;  991;  1287-1302 

Whitrrore,  R.  A.       1303 

Wiegert,  Richard  G.       1304-1306 

Wiewandt,  Thcmas  Alan     1307,1308 


Wilkins,  R.  M. 

331,332 

Williams,  L. 

1309 

Willoughby,  W.  F. 

1310 

Wilson,  H.  M. 

1311 

Wilson,  Percy 

143,144;  1312,1313 

Wilson,  Ronald  F. 

369 

Winters,  H.  F. 

1314 

Wisdan,  Harold  W. 

1315,1316 

Witkamp,  Martin 

1317,1318 

Wolcott,  George  N. 

1319-1347 

Woodard,  T.  H. 

1348 

Woodbury,  Roy  0. 

589-591;  738; 

1349-1352 

Wright,  George  W. 

1353 

Wyckoff,  D. 

111 

Wydler,  H. 

1354 

Ybarra-Coronado ,  Raul 

(see  also  Ibarra-Coronado  R. 
[Raul]  119;  347;  723 

Zambrana,  Jose  A.       33;  350,351; 
998,999;  1145;  1355,1356 

Zon,  Raphael  1357 
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SPECIES  INDEX 


Aceite  de  Maria 
African  tuliptree 
Algarrobo 
Almendrillo 
Almendron 

Alsophila    bryophita    Tvyon 
Andira    inermis    (W.  Wright)  H.  B.  K. 
Andira   .j amaicensis    (W.  Wright)  Urban 
Angelin  Tree 
^Anthocephalus    aadamba    (Roxb.)  Miq. 


\AnthoQephalus    ahinensis 
ex  Walp. 


(Lam.)  A.  Rich 


Arauoaria    angusti folia    (Bert.)  0 

Kunt ze 
Arauaaria    brasilana   A.  Rich. 
Arauoaria    exoelsa    (Lamb.)  R.  Br. 
Avauoaria    hetevophylla    (Salisb.) 
Australian  beefwood 
Ausubo 


Balata 

Bal  sa 

Bamboo 

8ambu 

Bambua 

Bambusa 

Sambusa 


Franco 


tutdoides 

vulgaris    Schrad. 
bastard  Mahogany 
Beakpod  eucalyptus 
3ejuco  escambron 
?ig-leaf  mahogany 


51ack  olive 

)lue  ma  hoe 

;ois  immortelle 

'ombax   pentandrum   L. 

otoncillo 

uttonwood 

rasileho 

rucayo 

ucar 

ucare 

ucare  gigante 

ucarp  gigante 

ucevas    buoida    Crantz 

uchenavia   aapitata    (Vahl)  Eichl 

uoida    buceras   L. 

.ucida   capitata   Vahl  . 

'ullet  -wood 

!ully-t  ree 

Ibtton-tree 

lat  ton -mangrove 

i^rsonima    wadsworthii    Little 


415, 

346 

258 

1346 

1346 

137 

700 

700 

700 

346, 

1  145 


453,  475,  1160 


444,  605,  611,  678 


346,  444,  605,  611,  678 
1145 


346 
346 
696 
696 
364 
235 


86  3, 
863. 


235 

417 

294 

294 

294 

1284 

294 

700 

300 

953 

190 

640 

998 

1356 

346 

703 

625 

702 

702 

346 

703 

703 

703 

703 

703 

1356 

258 

1356 

258 

235, 

138, 

702 

702 

581 


1285 
1285 
1285 


258,  320 

258,  320 

295,  1283,  1284, 

295,  1283,  1284, 

295,  1283,  1284, 

1285 

295,  1283 

346 


304,  347,  426,  636,  637, 
652,  673,  728,  742,  745, 
1299 

673 

942 


258, 
207 


320 
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Cabbage  angelin 
Cabbage  bark 
Cacaillo 
Cacao  motillo 
Cacao  roseta 
Cacaot  illo 
Cachimbo 
Cadam 

Calabash 

Calophyl  turn 

Calophyllum   antillanum   Britton 

CalophyZZum    bvasiliense   var. 

antillanum    (Britton)  Standi. 
Caloiphyllum   bvasiliense    Camb . 
Calophyllum    bvasiliense    Jacq. 
Calophyllum   calaba   Jacq. 
Calophyllum   jaaquinu   Fawc  .  fi  Rendle 
Candlewood 


Cana  India 
Caoba 


Caoba  de  Venezuela 

Caoba  dominicana 
Coaba  de  Honduras 

Caoba  hondurena 


Caoba    de    Santo    Domingo 

Capa 

Capa  Colorado 

Capa  prieto 

Caribbean  pine 


Caribbean  Pine 


Caryophyllus    jambos    (L.)  Stokes 

Casuarina 

Casuarina    equiseti folia     L. 


700 

700 

605, 

605, 

605, 

605, 

468, 

346, 

1145 

697 

353 

353 

353 

353 

353 

353 

353 

1  18 

759 

1212 

294, 

1285 

15, 

114 

34  9 

636 

728 

999 

190 

640 

998 

34  7 

999 

190 

640 

998 

190 

640 

998 

347 

346 

831 

34  6 

26,  4 

346, 

723, 

1  135, 

1  154 

26,  4 

348, 

918, 

1137, 

1158, 

364 

364 


611 
61  1 
61  1 
611 
1146 
444, 


605,  611,  678,  863 


3  75, 
37  5 


415,  453 


,  415,  4  53 


375,  415,  453 

375,  415,  453 

375,  415,  453 

375,  415,  453 

375,  415,  453 

235,  605,  611 

766,  953,  966 

1261 

295,  811,  1283,  1284, 


475 
475 

475, 
475, 
475, 
475, 
475, 
719, 
1210, 


1160 
1  160 

1  160 
1  160 
1160 
1160 
1  160 
7  33, 


6,  4 
115, 
351  , 
637, 
742, 
1  176 
304, 
652, 
1299 
640, 
1175 
304, 
652, 
1299 
3  04, 
652, 
1299 
682. 


91 

304 
447 
652 
745 


5,  90 

190, 

4  26, 

640, 

743, 
,  1299 

34  7,  4  26 

67  3,  7  28 

682,  742 

,  1176,  1 

347,  426 

673,  728 


347, 
67  3, 

1  176 


426 
728 


,    92, 

,    346, 

,    548, 

,    673, 

,    918, 

,    636, 

,    742, 

,    74  3, 

Z99 

,    636, 

,    742, 

,    636, 

,    742, 

112, 
347, 
549, 
682, 
998, 

637, 

745, 

74  5, 

637, 
745, 

637, 
745, 


5,  91,  117,  191,  34  5, 
348,  351  ,  673,  676,  678, 
918,  1127,  1129,  1131, 
1 137,  1  140,  1141  ,  1 143, 

5,  91  ,  117,  191  ,  745,  346, 
351,  673,  676,  678,  723, 
1127,  1 129,  1131,  1 135, 

1140,  1141,  1143,  1 154 

12  74 
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Cearopia   asperrima     Pittier  346,  605,  611 

C^earopta   peltata   L.  346,  605,  611 

:edar  16,  1287,  1290,  1292,  1295 

Jedrela  16,  1287,  1290,  1292,  1295 

:eiba  625,  942 

leiba   anfvaotuo sa    (DC.)  Maza  625,  942 

leiha   pentandra    (L . )  Gaertn.  625,  942 

Verdana   altiodora     Ruiz  §  Pav.  346 

perezo  831 

]erezo  del  Pais  831 

ipres  mexicano  •  346 

lusia    krugiana   Urban  699 

occoloba  438 

olorado  1261 

ommon  calabash  tree  697 

onoaavpus    eveatus   L.  702 

orcho  4  1  7 

ovdia   altiodora    (Ruiz  ^  Pav.)  Oken    •   346 

ordia    nitida     Vahl  831 

oubaril  258 

ow  bean    tree  346 

roton   poeaitanthus     Urban  733 

jupeillo  699 

pressus  henthamii    Endl  .  346 

pressus  lindleyi    Klotzsch  346 

liipressus  lusitanioa   Mill.  346 

(upressus    lusitanioa  Mill,    cv .    Benthamii     346 

vuathea    aquilina      (Christ)    Domin  137 

(yathea   arhorea    (L.)    J.    E.    Smith  137 

i'jathea    esouquensis    (Karst.)    Domin  137 

c^athea   portorioensis  137 

Ljathea    tenera    (J.    E.    Sm . )    Moore  137 

t-jathea   wilsonii    (Hook.)    Proctor  137 

Ljhistax   donnell-smithii    (Rose)    Seibert      346,    673,    678 

Qperus    iria  L.  372,    373 

Cirilla   antillana    Michx  1261 

Cjrilla    racemi flora    L.  1261 

Uaryodes    exoelsa     Vahl.  118,    235,    605,    611,    719,    733, 

759,    761,    953,    966,     1210, 

1212,  1261 

L\oryodes    hexandra    (Hamilt.)  Griseb  118,  235,  605,  611,  719,  733, 

!  759,  761,  953,  966,  1210, 

1212,  1261 

Dphnopsis    helleriana     Urban  738 

Dminican  mahogany  347,  640,  682,  742,  743,  745, 

999,  1175,  1176,  1299 

Drmilon  346 
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Earpod  tree 

Emaj  agua 

EnteroZohium    cyolooarpum    (Jacq.)  Gris. 

Enterolobium    samon    (Jacq.)  Prain 

Erythrina   miaropteryx    Poepp. 

Erythrina    poeppigiana     (Walp.)  0.  F.  Cook 

Eucalypt 

Eucal ipto  de  Alcanfor 
Eucalipto  de  Pantano 

Eucalyptus 

Eucalyptus    deglupta    Bl . 
Eucalyptus    kirtoniana 
Eucalyptus   multi flora    Poir. 
Eucalyptus   robusta   J.  E.  Smith 
Eucalyptus    tevicorni  s   Sm. 
Eucalyptus    xpatentinevvis    R.  T.  Bak . 
Eugenia,    j'ambos   L. 
Euterpe   globosa   Gaertn. 

Fious    sintenisii    Warb. 

Geo ffrea    inermis    IV.  Wright 

Giant  Thibet 

Goetzea    elegans   Wydler 

Granadillo 

Grayumo  hembra 

Gregre 

Gregory  wood 

Guaiacum    officinale      L. 

Guanacaste 

Guango 

Guano 

Guayaco 

Guayacan 

Hat  palm 

Hat  palmetto 

Hedivigia    balsamifera      Sw. 

Helecho  gigante 

Hibiscus    elatus   Sw. 

Hibiscus    tiliaceus   L. 

Higuerita  • 

Higuerito 

Higuero 

Higuil lo  p  r ieto 

Honduras  mahogany 


Honduras  pine 


Horsetail  casaurina 
Hueso  bianco 
Eymenaea    courbaril    L. 


346 

34  6, 

346 

346 

703 

703 

30  0, 

1290 

300, 

300, 

300, 

1290 

1294 

300, 

300 

300, 

346 

346 

1  1S8 
62  3, 

704 

700 

346 

1354 

258 

346, 

1356 

1356 

206 

346 

346 

417 

206 

2  06 

376 

376 

258 

137 

346, 

346, 

697 

697 

697 

704 

190, 

640, 

998, 

26, 

346, 

723, 

1  135 
1154 
364 
953 

2  58 


673 


34  6,  4  65 

1294 
346 
346 
346,  465 

1294 

34  6 
34  6 
346 


1274 
795,  12  66 


467,  1256,  1257 


467,  1256,  1257 


605.  611 


673 
673 


426 

728 


304,  347 
65  2,  67  3 
1299 
4  5,  91,  117 
34  8,  351,  67  3 
918,  1127,  1 129, 


636 

742 


637 
74  5 


191,  34  5 
676 


678 
1131, 


1137,  1140,  1141,  1143, 
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Inga 


669 


Jacana 

Jaguey  Colorado 

Jaguey  prieto 

Jamhosa   jambos    (L.)  Millsp. 

Jambosa   vulgaris    DC. 

Juglans    avohaeoantillana 

Kadam 

Kapock 

Khaya    nyasiaa    Stapf. 

Khaya    Senegal  en  sis    (Desr.)  A 


Juss . 


138, 

704 

704 

1158 

1  158 

430 

346, 
1  145 
625, 
346 
346 
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1274 
1274 


444,  605,  611,  678,  863, 


942 


Lagunoulavia    veaemo sa    (L.)  Gaertn.  £.  79,  1215 

Lauroaerasus    occidentali s    (Sw.)  Roem.  1346 

Lignumvitae  206 

Linocieva    domingensis    (Lam.)  Knobl .  953 

Llagrumo  hembra  346, 

Locust  tree  258 

Lucuma    multi flora    A.  DC.  138, 


605,  611 
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Maesopsis    eminii    Engl . 

Maga  colorada 

Maga    grandi flora    (DC.)  Urban 

Maga  wood 

Maho 

Ma  hoe 

Mahogany 


IMaj  agua 
Majagua  brava 
Ma j agua  excel sa 
Maj  6 
Mambua 

Mangle 

Mangle  bianco 
Mangle  bobo 
Mangle  boton 
Mangle  Colorado 
Mangle  de  chifle 
Mangle  zapatero 
Mangrove 
Mangroves 


"lanilkara    nitida    (Sesse  ^  Moc  . )  Dubard 
ianilkara    batata    (Aubl. )   Dubard 


346 

651 

651 

651 

346 

346 

15, 

1  14 

349 

636 

728 

999 

346 

7  38 

346 

346 

294 

1285 

173, 

79, 

79, 

702 

173 

173 

173 

173 

12, 

171 

204 

607 

814 

980 

235 

235 


673 
673 
26,  45 
115, 
351  , 
637, 
742, 
1176 
673 


90, 
190, 
426, 
640, 
743, 
1299 


91, 

304, 
447, 
652, 
745, 


673 
673 
295 

369 
1215 
121  5 

369 
369 
369 
369 
13, 
173 
322 
609 
914 
121 
258 
258 


92, 

346, 

548, 

673, 

918, 


112, 
347 
54  9 
682 
998 


811,  1283,  1284 


28 


1 


78 
1  . 


323 
610 


79,  81 , 
182,  184 
369,  398 


702,  725 
-917,  950,  955, 
5,  1239,  1275 
,  '320 
,  320 


82, 
203 
418 
813 

979, 
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(A.  nC.)  Chev. 
(Pierre)  Dubard 


Manilkava    bidentata 

Manilkara    riedleana 

Manj  ack 

Manzanilla 

Maria 

Mas  a 

Matabuey 

Matillo 

Ma  to 

Mexican  cypress 

Mimusops    halata     auth. 

Mimusops    bidentata    A.D.C. 

Mimusops   dommgensis     (Pierre)  Huber 

Mimusops    viedleana     Pierre 

Mimusops    siebevi     A.  DC. 

Moca 

Moca  b lane a 

Montezuma   gvandiflova    (DC.) 


Urban 


Montezuma    speoiosissima     Sesse  ?i  Moc  . 

Mot  ill o 

Mountain  immortelle 

Mountain  mahoe 

Mountain    palm 
Mufieco 


235, 

235, 

698 

1354 

415, 

258 

1354 

277 

227 

346 

235, 

235, 

235, 

2  35, 

235, 

700 

700 

651 

651 

605, 

703 

346, 

623, 

831 


258,  320 
258,  320 


453,  475,  1160 


258, 
258, 
258, 
258, 
258  , 


320 
320 
320 
320 
320 


611 

673 

795,  1266 


Nephelea    portoriaensis    (Spreng.)  Tryon    137 

Norfolk  pine  696 

Norfolk  Island  pine  696 

Oahroma    bioolor   Rowlee  417 

Ochroma    boliviana   Rowlee  417 

Ochroma    lagopus    Sw.  417 
Oahroma    lagopus    var.  bicolor 

(Rowlee)  Standi.  ^  Steyerm  417 

Ochromo    limonensis    Rowlee  417 

Oohromo    obtusa    Rowlee  417 

Ochroma    grandi flora    Rowlee  417 

Ochroma    pyramidale    (Cav.)  Urban  417 

Ochroma   peruviana   Johnst .  417 

Ochroma    tomentosa    Willd.  417 

Ochroma    velutina    Rowlee  417 

Oreganillo  701 

Oreja  de  Mono  346 

Ormosia    krugii    Urban  277 

Oxhorn  bucida  1356 
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J 


Paohylobus    hexandrus    (Hamilt.)  Engler 


Paltcourea    vipavia    Benth. 

Pal ma  de  abanico 

Palma  de  cogollo 

Palma  de  sierra 

Palma  de  sombrero 

Palms 

Palo    de    aceite 

Palo    Colorado 

Palo    de    boya 

Palo  de  cachimbo 

Palo  de  goma 

Palo  de  Maria 

Palo  de  matos 

Palo  de  muiieca 

Palo  de  peronias 

Palo  de  polio 

Paralahatia    povtoviaensis    Britton    f^ 

Wil son 
Vaviti    elatum    (Sw.)    D.    Don 
Pariti    tiliaoeum    (L.)    St.    Hil . 
Peronia 
Pine 


Pino 


Pino  antillano 


Pinus    hondurensis    Loook 


Pino  hondureno 


Pinus   aavihaea   Morelet 


235,  605,  611 ,  719,  735, 
761 ,  95  3,  966,  1210, 
,  1261 
114  6 


795,  1266 

225,  376,  623,  625,  795, 
,  1314 


1146 

4  53,  4  75,  1160 


1  18, 

759, 

1212 

468, 

376 

3  76 

62  3, 

376 

34, 

1266 

258 

1261 

7  03 

468, 

831 

415, 

277 

698 

277 

284 


138 

346,  673 

34  6,  67  3 

277 

26,  45,  91 ,  1 

34  6,  34  8,  351 

7  2  3,  918,  112 

1135,  1137,  1 

1  154 

26,  45,  91 ,  1 
34  6,  34  8,  351 
7  2  3,  918,  112 
1135,  1137,  1 
1154 

26,  45,  91 ,  1 
346,  348,  351 
7  2  3,  918,  112 
1135,  1137,  1 
1143,  1154 

2  6,  45,  91,  1 
346,  348,  351 
7  2  3,  918,  112 
1135,  1137,  1 
1154 

26,  45,  91 ,  1 
346,  348,  351 
723,  918,  112 
1135,  1137,  1 
1  154 

26,  45,  91 ,  1 
34  6,  34  8,  351 
723,  918,  112 
1135,  1137,  1 
1154 


7,  •  191 ,  34  5, 
67  3,  676-678, 
7,  1129,  1 131 , 
4  0,  1141,  1143, 

7,  191,  34  5, 
673,  676-678, 
7 ,  112  9,  1131, 
40,  1141,  1 143, 

7,  191,  34  5, 
67  3,  676-678, 
7  ,  112  9,  1131, 
40,  1141, 

7,  191,  34  5, 

6  73,  676-678, 
,  112  9,  1131, 
4  0,  1141,  1143, 

7,  191,  34  5, 

673,  6  76-678, 
,  1129,  1131 , 
4  0,  1141,  1143, 

7,  191  ,  345, 

673,  676-678, 
,  112  9,  1131, 
40,  1141,  1 143, 
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Pino  austral iano 
Pino  de  Austria 
Pino  de  Norfolk 

Pinus    douglasiana   Martinez 

Pinus    elliotti    v.  elliottii    Engelm. 

Pinus    kesiya    Royle  ex  Gordon 

Pinus    massoniana 

Pinus   merkusii 

Pinus   miahoaoana    Martinez 

Pinus   montezuma    Lamb. 

Pinus   occidentalis    Sw. 

Pinus    ooaarpa    var.  ochoteranai 

Pinus   ooaarpa 

Pinus    pseudostrobus    Lindl . 

Pinus    ti'.eda    L . 

Pitheoellobuim    saman    (Jacq.)  Benth. 

Ptantanus   ocoidentalis    L. 

Plantavum    quavundam 

Plumaj  illo 

Pomarrosa 

Pomme  rose 

Poutevia    diotyoneuva    (Griseb.)  Radlk. 

S'gi'^.  fuevtesii    (Urban)  Cron  . 
Poutevia   multiflora    (A. DC.)  Eyma 
Prestola   montana    (R.  Graham)  Nichols 
Pr ieto 
Pr imavera 

Prunus   OQoidentalis    Sw. 
Pterocarpus    officinalis    Jacq. 
Puerto  Rico  palmetto 


364  , 

364 

696 

346 

346 

346, 

346 

346, 

346 

346 

346, 

346 

34  6, 

346 

346 

346 

346 

1354 

673 

1158 

1158 

138 

138, 

623, 

269, 

346, 

1346 

284 

376 


704 


1290 

1288,  1290,  1297 

395 

1129,  1 133,  1 138 


,  1274 
,  1274 


207 
795, 
1  159 
673, 


1266 
,  1168 
678 


1169 


Raintree 
Red  manjack 

Rhizophora    mangle    L. 

Rhizophora    mangle   var.  samoensis    Flochr 

Rhizophora    samoensis    (Hochr.)  Salvoza 

Roble 

Roble    bianco 

Roble   de    costa 

Roble    de   mona 

Roble    prieto 

Roble  de  yugo 

Rose  apple 

Roseodendron    donnell-smithii 

(Rose)  Miranda 
Ro  s  e  t  a  - 


346 

831 

173, 

173 

173 

269, 

269, 

269, 

269, 

269, 

269, 

1158 

346, 
605. 


369 


1159, 
1  159, 
115  9, 
1159, 
1  159, 
1  159, 
1274 

673, 
611 


1  168 
1  168 
1168 
1168 
1  168 
1168 


678 


1169 
1169 
1169 
1  169 
1  169 
1169 
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Sabal    oausiarum    (0.  F.  Cook)  Beccari 

Sabinon 

Saman 

Samanea    saman    (Jacq.)  Merrill 

Santa  Maria 

Schizolobium    sp . 

Sierra  palm 

Silk  cotton  tree 

Sloanea   berteriana   Choisy 

Small  leaf  mahogany 

3milax   aoriaaea   Spreng. 
Spanish  elm 

opathodea    campanulata      Beauv. 
Straw  hat  palm 
jSwamp  cyrilla 
^wietenia    belizenis 
^^wietenia    candolZei   Pittier 
'^wietenia    humilus 

wietenia    kvukovii 

wietenia      maorophylla    G.  King 


wietenia   mahagoni    (L.)  Jacq. 

yzygium   jambos    (L.)  Alston 

\abebuia    dominicensus    Urban 
abebuia      donnell-smithii    Rose 
abebuia    hetevophylla    (DC.)  Britton 
abebuia    hetevophylla    susp .  pallida. 

(Miers)  Stehle 
'.abebuia    lucida    Britton 
'.abebuia   pallida    (Lindl.)  Miers 
'.abebuia    pallida    susp.  dominicensis 

(Urban)  Stehle 
'abebuia    pallida    susD .  hetevophylla 

(DC.)  Stehle 
iibebuia    pentaphylla   auth.,  Hemse. 
Ikbonuco 

i 
llmarindo  de  Loma 

lixodium   mucvonatum   Tenore 
l;ak 

T;ca 

T\otona    gvandis   L.    f. 

i 
Tivrmnalia    buoevas    C.    Wright 

Tivnstvoemia 


tvagastvis    balsamifeva    var. 

lanoifolia    Swart. 
tvagastvis    balsamifeva. 
on 
ana   ailiata   var.  austvalis   (F.v.M.)C.D.C, 
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795, 
94  2 
611 
64  0, 
1  17S 


34  7 


376 

733 

346 

346 

41S, 

673 

623, 

625, 

605, 

347, 

999, 

953 

34  6 

346 

376 

1261 

190 

190 

347 

190 

190 

640 

998 

34  7 

999 

1  158 

269 
34  6 
269 

269 
269 
269 

269 

269 

269 

1  18 

7  59 

1212 

701 

346 

116, 

744 

1  16, 

744 

116, 

744 

135  6 

500 


258 

258 

783,  1301 

783.  1301 


4  53,  4  75,  1160 


12  66 


682,  742,  743-745 
1176.  1299 


3  04,  34  7,  67  3 
304,  34  7,  67  3 


67  3 

34  7 


426 


673.  728 


636 

742 


637 


745 


3  04 
65  2 
1  299 

640,  682.  742.  743,  745 
117  5, 
1274 


1176.  1299 


1159,  1168,  1169 

673,  678 

1159,  1  168,  1 169 

115  9,  1168,  1169 
1159,  1168,  1169 
1159,  1168,  1169 

1159,  1168,  1169 

115  9,  1168,  1169 
115  9,  1168,  1169 
235,  605,  61 1 ,  719,  733, 
761,  953,  966,  1210, 
1261 


117,  119,  346,  358,  640, 
117,  119,  34  6,  358,  64  0, 
117,  119,  34  6,  35  8,  64  0, 


Tree  ferns 
Trumpet  tree 
Trumpet  wood 
Tulipan  africano 

Ucar 

Venezuelan  mahogany 


137 

34  6, 

605, 

61  1 

346, 

605, 

611 

346 

1  356 

190, 
640, 
998, 


304, 
65  2, 
1299 


347 
673 


426 
728 


636 

742 


637 

745 


1 


VJater  gregre 
Weinmannia    pinnata   L. 
West- Indian  locust 
West  Indies  laurelcherry 
West  Indies  mahogany 

Whit e -cedar 
White  mangrove 

Yagrumo 

Yagrumo  hembra 
Yarey 

Yarey  palm 
Yellow  palicourea 
Yellow  Sanders 


1356 

701 

258 

1346 

347, 

999, 

269, 

79, 

34  6, 

346, 

376 

376 

468, 

258 


640, 
1175, 
1159, 
1215 

605, 
605, 


1  146 


682,  742,  743,  745, 
1176,  1299 
1168,  1169 


611 
61  1 


i 
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Mosquera,  Menandra  and  JoAnne  Feheley,  compilers. 

1984.   Bibliography  of  forestry  in  Puerto  Rico. 

U.S.Dept.Agric.,For.  Serv. ,  Gen.  Tech.  Rep.   SO-51  ,  195  p. 
South.  For.  Exp.  Stn. ,  New  Orleans,  La. 

Lists  1,357  publications,  with  annotations  and  subject  and  author  indexes, 
issued  about  Puerto  Rico's  forestry  and  related  activities.   Also  included 
is  an  appendix,  chronologically  listing  the  forestry  highlights  from  1513 
through  1978. 

Oxford:   902:945. 4(0A8. 1) (729 . 5) 

Retrieval  Terms:   tropical  forestry,  tropical  silviculture,  tropical  ecology, 
tropical  ecosystems,  tropical  woods,  tropical  soils.  Institute  of  Tropical 
Forestry,  Caribbean  National  Forest,  Puerto  Rico 

Incluye  1,357  referencias  (con  anotaciones  e  indices  de  materia  y  autor) 
publica'das  acerca  de  la  dasonomia  y  actividades  relacionadas  en  Puerto  Rico, 
Tambien  incluye  un  apendice  de  una  lista  cronologica  de  los  eventos  impor- 
tantes  de  dasonomia  desde  1513  hasta  el  ano  1978. 
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MERCHANDIZER: 
Adapting  USLYCOWG  to 
the  Marketplace 


ichard  W.  Guldin 


SUMMARY 

USLYCOWG  is  a  computer  model  that  estimates  yields  in  cubic  feet 
per  acre  from  unthinned  slash  and  loblolly  pine  plantations  estab- 
lished on  cutover  sites  in  the  West  Gulf  states.  However,  most  stump- 
age  in  the  West  Gulf  region  is  sold  in  other  volumetric  units,  such  as 
cords,  tons,  and  board  feet,  or  by  weight.  A  series  of  computer  rou- 
tines has  been  developed  that  converts  USLYCOWG  yields  in  cubic 
feet  to  tons  of  fuel  chips,  cords  of  pulpwood  and  chip'n'saw  logs,  and 
board  feet  of  sawtimber,  or  weights  of  all  products  in  tons. 


MERCHANDIZER:  Adapting 
USLYCOWG  to  the  Marketplace 

Richard  W.  Guldin 


INTRODUCTION 

Deciding  to  invest  in  regeneration  or  other 
forest  management  activities  often  depends 
heavily  on  projected  growth  of  a  stand  and  on 
yield  of  stumpage  at  harvest  time.  If  stumpage 
volumes  are  denominated  in  common  marketing 
units,  it  is  easier  to  assign  market  values  to  the 
volumes  and  calculate  the  economic  consequen- 
ces of  management  alternatives. 

Dell  et  al.  (1979)  and  Feduccia  et  al.  (1979) 
developed  a  computer  model  (USLYCOWG)  that 
projects  the  growth  and  yield  of  unthinned  slash 
and  loblolly  pine  stands  growing  on  cutover 
sites  in  the  West  Gulf  region.  USLYCOWG  re- 
quires the  user  to  enter  site  index,  stand  age, 
and  seedling  density.  The  specified  density  may 
be  either  the  number  of  trees  surviving  at  the 
given  stand  age  or  the  number  of  trees  planted. 
If  the  latter,  the  user  must  also  specify  whether 
Coile's  and  Schumacher's  survival  model  or  an 
ideal  survival  model  developed  by  USLYCOWG's 
authors  is  to  be  used  to  calculate  the  number  of 
stems  surviving  at  the  stand  age  desired.  From 
these  parameters,  the  model  can  project  stand 
diameter  and  height  distributions  over  time. 
Diameters,  heights,  and  ages  are  used,  in  turn, 
by  tree  taper  equations  to  calculate  bole  vol- 
1  umes  in  cubic  feet  for  one-inch  diameter  classes. 
This  report  assumes  that  the  reader  is  familiar 
;!  with  USLYCOWG.  Copies  of  the  research  papers 
i  describing  USLYCOWG  in  detail  are  available 
from  the  Southern  Station. 

Although  the  cubic  foot  is  a  commonly  under- 
I  stood  measure  of  volume,  it  is  not  a  volume  unit 
of  commerce  in  the  marketplace  for  southern 
timber.  Wood  is  valued  and  sold  in  other  volu- 
jmetric  units.  For  example,  pulpwood  and  chip'n 
'saw  logs  are  commonly  sold  by  the  cord.  Saw- 
Jogs  are  most  often  sold  by  the  board  foot  accord- 
jing  to  the  Doyle,  International  Quarter  Inch  or 
Scribner  Decimal  C  Log  Rules.   Weight  scaling 


and  whole  tree  logging  have  contributed  to  the 
popularity  of  tons  as  a  unit  of  commerce,  for  not 
only  fuelwood  chips,  but  also  for  pulpwood  and 
logs.  Market  prices  and  stumpage  bids  are  de- 
nominated in  these  merchantable  units. 

Simple  multiplicative  conversion  of  USLY- 
COWG cubic  foot  volumes  to  merchantable  units 
is  not  possible.  USLYCOWG  estimates  cubic  foot 
volumes — say  for  the  12-inch  diameter  class — 
from  stump  height  (0.5  feet)  to  a  2-,  3-,  or  4-inch 
top  (both  inside  and  outside  bark).  But  USLY- 
COWG is  unable  to  determine  what  portion  of 
the  cubic  foot  volume  of  the  trees  in  the  12-inch 
class  should  be  valued  as  sawtimber  versus  the 
portion  to  be  valued  as  pulpwood. 

A  set  of  computer  routines,  collectively  called 
MERCHANDIZER,  has  been  developed  to  con- 
vert USLYCOWG  yields  into  merchantable  vol- 
ume measures.  These  cover  the  various  products 
that  can  be  obtained  from  trees  in  each  di- 
ameter class.  The  routines  are  designed  to  be 
embedded  in  USLYCOWG  because  they  call  up 
existing  USLYCOWG  subroutines.  The  purpose 
of  this  report  is  to  describe  how  the  MER- 
CHANDIZER routines  function  and  what  addi- 
tional input  data  are  required  by  MERCHAN- 
DIZER. Appendix  A  is  a  listing  of  the  USLY- 
COWG program  written  in  PDP-11  FORTRAN 
showing  the  additional  program  code  (in  italics) 
needed  to  incorporate  the  MERCHANDIZER 
routines.^  Appendix  B  contains  sample  USLY- 
COWG output  produced  by  the  program  after 
MERCHANDIZER  is  incorporated. 


'The  latest  version  of  USLYCOWG  incorporating  MER- 
CHANDIZER can  be  obtained  in  machine-readable  form  if 
you  send  the  author  a  blank  9-track  computer  tape.  The 
program  will  be  written  on  your  tape  in  ASCII  (1600  bpi,  80 
characters  per  record,  1  record  per  block,  unlabelled)  and  re- 
turned to  you.  If  you  require  different  tape  characteristics, 
please  write  to  the  author  before  sending  your  tape.  The 
mailing  address  is  USDA  Forest  Service,  T-10210  Postal  Ser- 
vice Building,  701  Loyola  Avenue,  New  Orleans,  Louisiana 
70113. 


Richard  W.  Guldin  is  Research  Forester,  Southern  Forest  Experiment  Station,  Forest  Service— USDA,  New  Orleans,  La. 


APPROACH 

Data  iJega/rec?.— MERCHANDIZER  requests  a 
second  line  of  input  data  following  the  first  line 
called  by  USLYCOWG.  The  input  specifications, 
variable  names,  and  default  values  are  listed  in 
table  1. 

Conversion  P/iiZosop/iy.— MERCHANDIZER 
begins  by  calculating  the  diameter  inside  bark 
(dib)  at  a  height  of  8.75  feet  from  the  ground, 
given  the  diameter  at  breast  height,  outside  bark 
(dbh),  total  tree  height,  age,  and  associated  taper 
equation  parameters.  A  height  of  8.75  feet  rep- 
resents a  stump  height  of  0.5  feet,  a  minimum 
log  length  of  8.0  feet  and  a  0.25  foot  trim  allow- 
ance for  bucking.  The  dib  at  8.75  feet  is  first 
compared  to  the  minimum  sawlog  scaling  dia- 
meter, SAWTBR  (see  table  1).  If  the  dib  at  8.7 
feet  exceeds  SAWTBR,  the  program  branches  to 
calculate  sawlog  volume.  If  dib  does  not  exceed 
SAWTBR,  but  is  larger  than  the  maximum  pulp- 
wood  scaling  diameter  (PULPMX),  the  program 
branches  to  calculate  chip'n'saw  log  volume.  If 
dib  is  less  than  PULPMX,  the  program  branches 
to  calculate  pulpwood  volume  for  the  entire  bole 
up  to  the  minimum  pulpwood  scaling  diameter 
(PULPMN). 

When  the  program  branches  to  the  sawlog 
portion  of  the  routine,  the  height  to  SAWTBR  is 
calculated.  If  this  height  is  less  than  16.75  feet, 
the  height  is  rounded  to  the  next  lower  even- 
numbered  foot  (BOLT  length).  The  dib  at  (BOLT 
+  0.75  feet)2  becomes  the  scaling  diameter  for  the 
alternative  sawlog  volume  equations.  Volumes 
are  calculated  for  three  log  rules  from: 


Board  Feet  Doyle  =  (DIB-4.)^(B0LT) 


16 


Board  Feet  International  = 

(0.796DIB^  +  1.375DIB  -  1.23BOLT 

16 


(1) 


(2) 


Board  Feet  Scribner 


0.0494(BOLT)(DIB)2 
-0.124(BOLT)(DIB) 
-  0.269BOLT 


(3) 


The  volume  from  (3)  is  rounded  to  the  nearest 
10  feet  to  obtain  board  feet  according  to  the 
Scribner  Decimal  C  Log  Rule.  Sawtimber  volume 
in  cunits  is  calculated  from  the  USLYCOWG 
taper  equations. 


2The  0.75  feet  includes  a  stump  height  of  0.5  feet  and  a  0.25 
foot  trim  allowance. 


If  the  height  to  SAWTBR  exceeds  16.75  feet, 
then  progressive  16.25  foot  bolts  are  cut  and 
scaled  as  16  foot  logs.  When  the  height  is  less 
than  16.25  feet,  but  more  than  8.25  feet  remains 
until  SAWTBR  is  reached,  the  length  is  reduced 
to  the  next  lowest  even-numbered  foot,  the  scal- 
ing dib  calculated,  and  volume  calculated.  The 
height  to  the  top  of  this  final  bolt  becomes  the 
base  height  for  the  next  product — either  chip'n 
'saw  logs  or  pulpwood.  When  less  than  8.25  feet 
remains,  the  total  height  to  the  top  of  the  last 
16-foot  log  becomes  the  base  height  for  the  next 
product. 

When  PULPMX  equals  or  is  less  than  one 
inch  smaller  than  SAWTBR,  no  chip'n'saw  vol- 
umes are  calculated  and  the  program  branches 
from  the  sawtimber  volume  section  directly  to 
the  pulpwood  volume  section.  If  SAWTBR  and 
PULPMX  differ  by  more  than  one  inch,  the 
height  to  PULPMX  is  calculated  and  the  dif- 
ference between  that  height  and  the  height  to 
the  top  of  the  last  sawtimber  log  becomes  the 
length  of  the  chip'n'saw  log.  The  total  chip'n 
'saw  length  is  rounded  to  the  next  lower  even- 
numbered  foot  and  a  cubic  foot  volume  is  cal- 
culated from  the  USLYCOWG  taper  equations. 
This  result  is  divided  by  C0NV(3)— one  of  the 
several  conversion  factors  listed  in  table  1 — to 
obtain  chip'n'saw  volume  in  cords.  If  the  bole 
length  for  a  chip'n'saw  log  is  less  than  8.25  feet, 
no  chip'n'saw  volumes  are  calculated.  Instead, 
the  program  branches  to  calculate  pulpwood 
volumes  using  the  height  to  the  top  of  the  last 
sawtimber  log  as  the  ba^e  of  the  pulpwood  sec- 
tion of  the  bole. 

Once  sawtimber  and/or  chip'n'saw  volumes 
are  calculated  and  the  height  to  the  base  of  the 
pulpwood  section  of  the  bole  is  determined,! 
height  to  PULPMN  is  calculated.  The  difference 
between  height  to  PULPMN  and  height  to  the 
base  of  the  pulpwood  section  of  the  bole  is  the 
pulpwood  bole  length.  The  cubic  foot  volume  of 
the  bole  section  is  calculated  from  the  USLY- 
COWG taper  equations  and  divided  by  C0NV(2) 
to  obtain  the  pulpwood  volume  in  cords. 

Fuel  chip  volume  is  calculated  as  the  differ-^ 
ence  between  the  total  cubic  foot  volume,  ground 
to  tip  outside  bark  (calculated  by  USLYCOWG) 
and  the  sum  of  the  sawtimber,  chip'n'saw,  and 
pulpwood  cubic  foot  volumes  calculated  by 
MERCHANDIZER.  Because  the  MERCHAN- 
DIZER  volumes  are  all  calculated  based  on  dibs, 
fuel  chips  include  not  only  that  portion  of  the 
total  stem  above  PULPMN,  but  also  the  volume 
of  the  bark  sheathing  the  stem  below  PULPMN. 
If  a  clean  chip  volume  (no  bark)  is  desired,  a 
comment  card  in  the  program  listing  describes 


Ml 


ll 


Table  l.—MERCHANDIZER  input  parameters 


Column     Variable      Variable 
number       format  name 


Description  and  default  values 


1-4 

F4.1 

PULPMN 

5-8 

F4.1 

PULPMX 

9-12 

F4.1 

SAWTBR 

13-15 

13 

IRULE 

16-19  F4.0         CONV(l) 

20-23  F4.0         C0NV(2) 


24-27 

28-31 

32-38 
39-45 
46-52 
53-59 

60-62 

63-65 

66-68 


F4.0  C0NV(3) 

F4.0  C0NV(4) 

F7.2  VALUE(l) 

F7.2  VALUE(2) 

F7.2  VALUE(3) 

F7.2  VALUE(4) 


13 


13 


13 


ICULLP 


ICULLD 


ICULLV 


Minimum  pulpwood  diameter,  inside  bark,  small  end. 

The  default  is  3.0  inches. 
Maximum  pulpwood  diameter,  inside  bark,  small  end. 

The  default  is  9.5  inches. 
Minimum    sawlog   diameter,    inside   bark,    small    end. 

The  default  is  9.5  inches. 
Sawtimber    log    scaling    rule.    Enter    -2    for    weight 

scaling;    -1    for   volume   in   cunits;   0   for   board   feet 

Doyle,    the   default;    +1    for   board    feet   International 

Quarter  Inch;  or  +2  for  board  feet  Scribner  Decimal 

C. 
Fuelwood   (dirty   chips)   conversion   factor.    Cubic   feet 

per  ton.  The  default  is  90. 
Pulpwood  conversion  factor.  If  IRULE  is  -2,  cubic  feet 

per  ton   with   a   default  of  26.   Otherwise,  cubic  feet 

per  cord  with  a  default  of  80. 
Chip'n'saw   conversion   factor.    If  IRULE   is   -2,   cubic 

feet  per  ton   with   a  default  of  30.   Otherwise,   cubic 

feet  per  cord  with  a  default  of  90. 
Sawtimber   conversion   factor.    If  IRULE   is   -2,   cubic 

feet   per  ton   with   a  default  of  30.   Not  used   other- 
wise, with  a  default  of  0. 
Fuelwood  (dirty  chip)  value.  Dollars  per  green  ton.  The 

default  is  $0.00  for  all  VALUE(I). 
Pulpwood    stumpage   value.    Dollars    per   green    ton   if 

IRULE  =  -2;  dollars  per  cord  otherwise. 
Chip'n'saw   stumpage  value.   Dollars   per  green   ton   if 

IRULE  =  -2;  dollars  per  cord  otherwise. 
Sawtimber  stumpage  value.  If  IRULE  =  -2,  dollars  per 

green    ton;    if   IRULE    =    -1,    dollars    per   cunit;    if 

IRULE   is   0,   +1,   or  +2,   dollars   per  thousand  board 

feet,  applicable  log  rule. 
Percentage  of  sawtimber  volume  in   a  diameter  class 

less  than  or  equal  to  ICULLD  that  is  unsuitable  for 

sawing  lumber.   Expressed  as  an  integer  between  5 

and  100.  The  default  is  0. 
The    maximum    sawtimber    diameter    class    where 

ICULLP   percent  of  the   volume  is   unsuitable   for 

manufacturing   sawn   lumber.    Default  is   SAWTBR 

rounded  down  to  the  next  whole  inch. 
The  product  class  where  the  sawtimber  cull  volume  is 

added.  Enter  -1  for  fuelwood  chips;  0  for  pulpwood, 

the  default;  or  +1  for  chip'n'saw  logs. 


ow  to  save  the  USLYCOWG  total  volume 
round  to  tip  inside  bark  instead  of  total  volume 
hround  to  tip  outside  bark  for  chip  calculations. 
iThe  total  chip  volume  in  cubic  feet  is  divided 
|y  CONV(l)  to  obtain  chip  weight  in  tons. 
1    If  IRULE  is  -2,  the  program  reports  weights 
instead  of  volumes.  The  total  cubic  foot  volume 
f  each   product  in  each   diameter  class  is  cal- 
culated, as  just  discussed.  However,  C0NV(4)  is 
Ised  to  convert  the  volume  into  a  green  wood 
pnnage.  The  result  is  an  "inside  bark"  weight, 
lecause  inside  bark  taper  equation   coefficients 
re  used  to  calculate  the  volumes.  The  total 
eight  for  each  product  is  then  increased  by  10 
ercent  to  account  for  bark.  Sample  output  is 
icluded  in  Appendix  B. 


In  some  stands,  a  certain  percentage  of  the 
sawtimber-sized  trees  are  unsuitable  for  manu- 
facturing sawn  lumber.  For  example,  a  loblolly 
pine  stand  infested  with  fusiform  rust  at  an 
early  age  often  has  a  certain  percentage  of  butt 
logs  deformed  by  rust  cankers.  A  cull  deduction 
option  has  been  included  in  the  routines  to  allow 
the  user  to  specify  the  percentage  of  the  total 
sawtimber  volume  in  a  particular  diameter  class 
that  is  cull  and  the  maximum  sawtimber  dia- 
meter class  where  this  cull  percentage  applies. 
When  the  user  enters  an  integer  between  5  and 
100  and  the  ICULLP  value,  the  routine  subtracts 
ICULLP  percent  of  the  sawtimber  volume,  what- 
ever the  scaling  rule  selected,  from  the  diameter 
class  total.  Then,  ICULLP  percent  of  the  saw- 


I 


timber  cubic  foot  volume  is  added  to  chip'n'saw 
volume  if  ICULLV  is  set  at  1,  to  pulp  wood  vol- 
ume if  ICULLV  is  set  at  0,  or  to  fuelwood  chips 
if  ICULLV  is  set  at -L 


DISCUSSION 

MERCHANDIZER  adds  no  precision  to  USLY- 
COWG  yield  estimates.  It  only  converts  the 
estimated  yields  to  merchantable  units.  The 
flexibility  inherent  in  being  able  to  specify 
diameter  cutpoints  and  cubic  foot  conversion 
factors  for  the  various  stumpage  categories  can 
be  detrimental  if  unrealistic  diameter  limits  or 
conversion  factors  are  entered.  The  routine  looks 
for  wildly  inaccurate  limits  or  factors  (less  than 
50  percent  of  the  default  value),  and,  if  found, 
replaces  them  with  the  default  values.  If  the 
user  has  better  estimates  of  the  cord  or  tonnage 
conversion  factors  than  the  defaults,  they  should 
be  used.  The  default  values  were  obtained  from 
Koch's  (1972)  review  of  the  literature. 

MERCHANDIZER  assumes  the  midpoint  of 
the  dbh  class  is  the  diameter  of  the  average  tree 
in  the  class,  calculates  volume  for  that  average 
tree,  and  multiplies  those  volumes  by  the  num- 
ber of  trees  in  the  class  to  get  diameter  class 
volume  totals.  If  USLYCOWG  were  altered  to 
generate  diameter  distributions  having  smaller 
dbh  class  widths,  some  marginal  improvement 
in  the  precision  of  volume  estimates  would 
occur.  Wider  dbh  class  intervals  would  result  in 
poorer  volume  estimates,  especially  for  saw- 
timber.  However,  one-inch  classes  should  give 
estimates  that  are  sufficiently  precise  for  most 
users. 

If  one  or  more  of  the  volume  categories  are 
not  of  interest,  the  diameter  limits  for  that  class 
should  be  set  accordingly.  For  example,  if  a 
market  for  chip'n'saw  logs  does  not  exist  in  the 
user's  area,  SAWTBR  and  PULPMX  should  be 
equal.  Merely  setting  chip'n'saw  value  equal  to 
$0  will  not  result  in  chip'n'saw  volumes  being 
incorporated  into  either  pulpwood  or  sawtimber 
volumes.  Fuel  chip  volumes  are  always  calcu- 
lated. 

MERCHANDIZER  provides  no  information  on 
log  quality.  Users  desiring  to  know  what  pro- 
portion of  chip'n'saw  or  sawtimber  logs  might 
be  suitable  for  plywood  peelers  must  look  else- 
where for  that  information.  However,  if  one 
knows,  for  example,  that  60  percent  of  the  logs 


exceeding  7.5  inches  dib  small  end  are  suitable 
for  veneer  bolts  and  veneer  bolts  are  bought  on 
an  MBF  Doyle  basis,  then  one  could  set 
SAWTBR  at  7.5  inches  and  multiply  the  volume 
result  by  60  percent  to  estimate  veneer  bolt 
volume.  More  precise  estimates  cannot  be  ob- 
tained from  MERCHANDIZER. 

The  VALUES  entered  need  not  be  stumpage 
values.  Prices  for  products  delivered  to  the  mill 
(FOB  the  mill)  could  also  be  used.  Landowners 
who  are  vertically  integrated  wood  growers, 
harvesters,  and  transporters  could  use  MER- 
CHANDIZER to  estimate  wood  value  per  acre 
in  terms  of  prices  paid  for  wood  delivered  to  the 
mill.  Total  value  per  acre  of  products  priced 
F.O.B.  the  mill  would  allow  cost  analyses  to 
include  harvesting  and  transportation  cost  com- 
ponents in  addition  to  stand  establishment  and 
management  costs. 


CONCLUSION 

MERCHANDIZER  breaks  down  USLYCOWG 
cubic  foot  volumes  by  diameter  class  into  four 
merchantable  product  categories.  When  dollar 
values  are  assigned  to  these  volumes,  land 
managers  have  a  better  basis  for  evaluating 
forest  regeneration  and  stand  management  in- 
vestments. 
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Appendix  A 

USLYCOWG  Program  Listing  Incorporating  MERCHANDIZER 
(MERCHANDIZER  PDP-11  FORTRAN  statements  added  to  USLYCOWG  are  in  italics) 


riiiv 
fa' 


Vast'  ^ 


PROGRAM  LISTING 


C YIELD  TABLES  AND  STAND  STRUCTURE  FOR  UNTHINNED  SLASH 

C AND  LOBLOLLY  PINE  PLANTATIONS  ON  CUT-OVER  (UNPREPARED  BUT 

C PROBLEM  FREE)  SITES  IN  THE  WEST  GULF  COASTAL  PLAIN. 

C— REFERENCES: 

C 

C SLASH— 

C DELL, T.R.,D. P. FEDUCCIA, T.E.CAMPBELL, W.F.MANN, JR., 

C AND  B.H.POLMER. 

C 

C 1979.  YIELDS  OF  UNTHINNED  SLASH  PINE  PLANTATIONS 

C ON  CUTOVER  SITES  IN  THE  WEST  GULF  REGION, 

C U.S.  DEP.  AGRIC.  FOR.  SERV.  RES.  PAP.  SO-147, 

C 84  P.  SOUTH.  FOR.  EXP.  STN.,  NEW  ORLEANS,  LA. 

C- 

C LOBLOLLY  — 

C FEDUCCIA, D. P. , T.R. DELL, W.F.MANN, JR. , T.E.CAMPBELL, 

C AND  B.H.POLMER. 

C 

C 1979.  YIELDS  OF  UNTHINNED  LOBLOLLY  PINE  PLANTATIONS 

C ON  CUTOVER  SITES  IN  THE  WEST  GULF  REGION, 

C- U.S.  DEP.  AGRIC.  FOR.  SERV.  RES.  PAP.  SO-148, 

C 88  P.  SOUTH.  FOR.  EXP.  STN.,  NEW  ORLEANS,  LA. 

C 

C YIELD  COl^VERSIONS— 

C GULDIN,    R.W. 

C 

C 1984.   MERCHANDIZER:    USLYCOWG-COMPATIBLE  ROUTINES 

C FOR  CONVERTING  CUBIC  FOOT  YIELDS  TO  STUMPAGE 

C VOLUMES,    WEIGHTS,    AND  VALUES  IN  OTHER  UNITS. 

C U.S.    DEP.   AGRIC.    FOR.    SERV.    GEN.    TECH.   REPT. 

C SO-XX.    XX  P.    SOUTH.    FOR.    EXP.    STN.      NEW  ORLEANS,    LA. 

C 

C ACKNOWLEDGMENTS: 

C --  THIS  COLLECTION  OF  ROUTINES  IS  ESSENTIALLY  AN  ADAPTATION 

C OF  ROUTINES  PROVIDED  BY  SMALLEY  AND  BAILEY  IN  CONJUNCTION 

C WITH  USDA  FS  RESEARCH  PAPERS  SO-96  AND  SO-97.  WE  DID 

C DIFFER  FROM  THEIR  PROCEDURES  IN  THE  APPLICATION  OF  TAPER 

C EQUATIONS  TO  DEFINE  TREE  VOLUME  AND  WERE  ASSISTED  IN  THIS 

C ENDEAVOR  BY  F.  THOMAS  LLOYD  AND  EDWARD  W.  WHITEHORNE  OF 

C— THE  SOUTHEASTERN  FOREST  EXPERIMENT  STATION.  THE  YIELD 

C CONVERSION  ROUTINES  WERE  PREPARED  ESPECIALLY  FOR  USLYCOWG. 

C 

C- - 

C 

C THIS  PROGRAM  READS  TWO  CONTROL  CARDS  AND  PRINTS  TABLES.  INPUT 

C UNIT  IS  INPT,  OUTPUT  UNIT  IS  lOUT.  CONTROL  CARD  FORMAT  : 

C 

200  FORMAT  (914, 2F4. 0,213) 

202  FORMAT    (3F4.1,I3,  4F4.0,  4F7.  2,  313 ) 
C 

C FIRST  CARD 

C— COLUMN     VARIABLE                MEANING 

C -    — 

C— 1-  4        ISB       SITE  INDEX:   BEGINNING 

C 5-  8        ISE                   ENDING 

C 9-12        ISS                   STEP  SIZE 

C 

C 13-16        lAB             AGE:   BEGINNING 

C 17-20        lAE       (YEARS  SINCE   ENDING 

C 21-24        IAS         PLANTING)   STEP  SIZE 

C (DO  NOT  USE  PLANTATION 

C AGES  LESS  THAN  6  YEARS) 

C — 

C --  25-28        INB      NUMBER  STEMS:   BEGINNING  N 

C 29-32        INE         (N)        ENDING  N 

C 33-36        INS        PER  ACRE     STEP  SIZE  FOR  N 

C 

C— 37-40       BAGE     BASE  AGE  FOR  SITE  INDEX(USUALLY  25) 


C 41-44      ABAGE     ALTERNATE  BASE  AGE  FOR  CORRESPONDING 

C SITE  INDEX  (OPTIONAL  -  USUALLY  50) 

C 

C 45-47        KEY     =1  USE  N  AS  NUMBER  PLANTED  AND 

C CALCULATE  SURVIVAL  FROM  IDEAL 

C SURVIVAL  MODEL 

C =2  USE  N  AS  NUMBER  PLANTED  AND 

C —  CALCULATE  SURVIVAL  FROM  COILE  + 

C SCHUMACHER  1964  MODEL 

C =3  USE  N  AS  NUMBER  SURVIVING 

C 

C— 48-50                  KSPCE          =1   SLASH 

C =2  LOBLOLLY                            » 

C 

C SECOND  CARD 

C 

C 1-   4                   PULPMN       =XX.X     MINIMIS  PULPWOOD  DIAMETER,    I.B., 

C SMALL  END.      DEFAULT  IS  3.0  INCHES 

C 

C 5-   8                   PULPMX       =XX.X     MAXIMUM  PULPWOOD  DIAMETER,    I.B., 

C LARGE  END.      DEFAULT  IS  9.5  INCHES 

C 

C 9-12                   SAWTBR       =XX.X     MINIMUM  SAWLOG  DIAMETER,    I.B., 

C SMALL  END.      DEFAULT  IS  9.5  INCHES 

C 

C JF  PULPMX.  NE.  SAWLOG,    AND  THESE  TWO 

C DIAMETERS  ARE  SEPARATED  BY  MORE  THAN 

C 8,25  FEET  OF  BOLE,    CHIP 'N 'SAW  LOG  VOLTES 

C ARE  CALCULATED  USING  PULPMX  AS  MINIMUM 

C CHIP 'N 'SAW  LOG  DIAMETER,    INSIDE  BARK, 

C SMALL  END.      OTHERWISE,    THE  BOLE  BELOW 

C SAWTBR  DIAMETER  IS  CONVERTED  TO  PULPWOOD. 

C 

C 13-1 S                     IRULE     =  -2     WEIGHT  SCALE    (ALL  PRODUCTS  IN  TONS) 

C -1      SAWTIMBER   VOLUME  IN  CUNITS 

C 0     IN  BOARD  FEET,    DOYLE  RULE    (THE  DEFAULT) 

C +1      IN  BOARD  FEET,    INTERNATIONAL  1/4  INCH 

C +2     IN  BOARD  FEET,    SCRIBNER  DECIMAL  C 

C 

C 16-19                   CONV(l)  =  FUELWOOD   (DIRTY  CHIPS)    CONVERSION  FACTOR 

C CUBIC -FEET  PER  TON.      DEFAULT  IS  90. 

C 

C 20-23                   C0NV(2)  =  PULPWOOD  CONVERSION  FACTOR    (I.B.) 

C IF  IRULE  IS  -2,    CUBIC  FEET  PER  TON  WITH  A 

C DEFAULT  OF  26.      OTHERWISE,    CUBIC  FEET  PER 

C CORD  WITH  A   DEFAULT  OF  80. 

C 

C 24-27                  C0NV(3)   =  CHIP 'N 'SAW  CONVERSION  FACTOR    (I.B.) 

C IF  IRULE  IS  -2,    CUBIC  FEET  PER  TON  WITH  A 

C DEFAULT  OF  30.      OTHERWISE,    CUBIC  FEET  PER 

C CORD  WITH  A   DEFAULT  OF  90. 

C 

C 28-31                   C0NV(4)  =  SAWTIMBER  CONVERSION  FACTOR 

C IF  IRULE  IS  -2,    CUBIC  FEET  PER  TON  WITH  A 

C DEFAULT  OF  30.      NOT  USED  OTHERWISE  WITH  A 

C DEFAULT  OF   0. 

,C 

\C THE  FOLLOWING  DATA   FIELDS  FOR  STUMPAGE   VALUES  ALL  HAVE  2  DECIMAL 

ip PLACES  EMBEDDED  TO  READ  DOLLARS  AND  CENTS.      WHEN  THE  WEIGHT  SCALING 

\C OPTION  IS  SELECTED,    ALL   VALUES  ARE  IN  DOLLARS  PER  GREEN  TON. 

P 

C 32-38                 VALUE(l)  =  FUEL    (DIRTY)   CHIP  VALUE    ($/GREEN  TON) 

\c 

p 39-45                 VALUE(2)   =  PULPWOOD  STUMPAGE   VALUE    ($/CORD) 

^ 

r 46-52                 VALUE (3)   =  CHIP 'N 'SAW  STUMPAGE   VALUE    ($/CORD) 

C 

p 53-55                 VALUE (4)  =  SAWTIMBER  STUMPAGE   VALUE 

g IF  IRULE  =  -1,    $/CUNIT 

;? IF  IRULE  =  0,    +1    OR  +2,    $/MBF 


c 

C 60-62  ICULLP  =  PERCENTAGE  OF  SAWTIMBER-SIZED  LOGS  IN  A 

C SPECIFIED  DIMETER  CLASS  LESS  THAN  OR 

C EQUAL  TO  DIAMETER  CLASS    'ICULLD'  THAT  ARE 

C UNSUITABLE  FOR  MANUFACTURING  SAWN  LUMBER. 

C EXPRESSED  AS  AN  INTEGER  BETWEEN  5  AND  100 

C WITH  A   DEFAULT  OF   0. 

C 

C 6Z-6b  ICULLD  =  THE  MAXIMUM  SAWTIMBER  DIAMETER  CLASS  WHERE 

C 'ICULLP  '   PERCENT  OF  THE  LOGS  ARE  UNSUITABLE 

C FOR  MANUFACTURING  SAWN  LUMBER.      DEFAULT  IS 

C 'SAWTBR  '  ROUNDED  DOWN  TO  THE  NEXT  WHOLE  INCH. 

C 

C 66-68  ICULLV  =  PRODUCT  CLASS  WHERE  THE  SAWTIMBER  CULL 

C VOLUME  IS  ADDED:    -1   FOR  FUELWOOD  CHIPS; 

C 0  FOR  PULPWOOD,    THE  DEFAULT;   +1    FOR 

C CHIP  'N  'SAW  LOGS. 

C 

INTEGER  YIELD(2,9),CRATI0 

DIMENSION  BASAL(2),ITREES(4I),V0LT(2),V0LM(6),C0EFLM(2,4),COA/7r4;, 
ICOEFCR (2,4)  , BETA( 4 ) , STUMPY (2,9),  VALUE (4 ) , STUMPG(40, 6), FYIELD (40) 

C 

C INITIALIZE  LAMBDA  COEFFICIENTS  — 

C COLUMN  1  OF  COEFLM  IS  SLASH 

C- COLUMN  2  OF  COEFLM  IS  LOBLOLLY 

C 

DATA  COEFLM/ 

1  1.99830  ,       -5.6919  , 

2  -0.85518  ,        2.2974  , 

3  0.43365  ,        0.16988  , 

4  -0.24879  ,        0.77763  / 
C 

C INITIALIZE  MEAN  CROWN  RATIO  COEFFICIENTS  — 

C COLUMN  1  OF  COEFCR  IS  SLASH 

C COLUMN  2  OF  COEFCR  IS  LOBLOLLY 

C - 

DATA  COEFCR/ 

1  214.600  ,     248.63  , 

2  -44.814  ,     -35.872  , 

3  -27.049  ,     -43.565  , 

4  -23.453    ,  -33.424   / 
DATA   INPT,I0UT/5,1/ 

OPEN    (UNIT=1,NAME='USLY.0UT' ,TYPE='NEW' ,DISP=' SAVE ' , 
1CARRIAGEC0NTR0L= ' FORTRAN ' ) 

READ    (INPT,200)    ISB, ISE, ISS, lAB, lAE, IAS, INB , INE, INS,BAGE,ABAGE, 
1  KEY,KSPCE 

READ   (INPT,202)  PULPMN,PULPMX,  SAWTBR,  IRULE,  ( CONV(I ) ,1=1 ,4) , 
1  (VALUE(I),I=1,4),  ICULLP,  ICULLD,  ICULLV 

C 

C CHECK  FOR  LIMITS  ON  AGE  --  NOT  LESS  THAN  1 

C 

IF  (lAB.LT.l.OR.IAE.LT.l)  GO  TO  220 
GO  TO  (701,702),KSPCE 

701  WRITE  (I0UT,101) 
GO  TO  703 

702  WRITE  (I0UT,201) 

703  WRITE  (I0UT,301) 

101  FORMAT  (1H1///33X,66HYIELDS  BY  DIAMETER  CLASSES  FOR  UNTHINNED  SLAS 

IH  PINE  IN  PLANTATIONS) 
201  FORMAT  (1H1///32X,69HYIELDS  BY  DIAMETER  CLASSES  FOR  UNTHINNED  LOBL 

lOLLY  PINE  IN  PLANTATIONS) 
301  FORMAT  (IH  ,43X,47H0N  CUT-OVER  (UNPREPARED  BUT  PROBLEM  FREE)  SITES 
1/63X,6HIN  THE/55X,23HWEST  GULF  COASTAL  PLAIN) 

C 

C CHECH  INPUT  PARAMETERS  AND  BUILD  MERCHANDIZER  HEADER 

C 

IF(PULPMX.LT.4.95)  PULFMX=9.5 
IF(PULFMN.LT.1.95)  PULR^N=3.0 
IF(SAWTBR.LE.5.95)   SAWTBR=9.5 


IF(SAWTBR-PULFMX) .LT.l.)   PULPMX=SAWTBR 
IF(IRULE.EQ.-2)   GO  TO  31 
mCOMd)  .LE.49.)   CONV(1)=90. 
IF(C0NV(2) .LE.49.)    CONV(2)=80. 
IF(C0NV(3). LE.49.)   CONV(3)=90. 
IF(CONV(4).NE.O.)      CONV(4)=0. 
GO  TO  32 

31  IF(C0NV(1)  .LE.49.)  CONV(1)=90. 
IF(CONV(2).LE.14.)  CONV(2)=26. 
IF(C0NV(3) .LE.14.)  CONV(3)=30. 
IF(C0m(4).LE.14.)   CONV(4)=30. 

32  IF(IABS(IRULE).GE.3)  IRULE=0 

DO  33  1=1,4  ' 

IF(VALUE(I).LT.O.)    VALUE(I)=0. 

33  CONTINUE 
CULLP=FL0AT(ICULLP)/1  00. 
IF(ICULLP.LT.5)    ICULLD=INT (SAWTBR-1 .) 
IFdABSdCULLV)  .GT .  1 )   ICULLV=0 
WRITE  (TOUT,  119) 

1 1 9  FORMA  T  (/////5  4X,26(1HJ/) 
WRITE  (lOUT, 120)   SAWTBR 

120  FORMATdH  ,49X,34H***  MERCHANTABILITY  PARAMETERS  ***,/54X,  26  (IHJ , 
1///15X,67HSAWTIMBER  VOLUMES  ARE  CALCULATED  FROM  STUMP  HEIGHT  (0.5 
2FEET)  TO  A  ,F4.1,33H  INCH  TOP  DIAMETER  (INSIDE  BARK) ./lOX, lllHLOGS 
3  ARE  BUCKED  INTO  16  FOOT  LENGTHS,  PLUS  A  3  INCH  ALLOWANCE.  LOG  S 
4CALING  DIAMETER  IS  THE  DIAMETER  INSIDE  /lOX,  112HBARK  AT  THE  SMAL 
5L  END  OF  EACH  LOG.  IF  THE  LAST  LOG  BEFORE  REACHING  THE  MINIMUM  SC 
6 A  LING  DIAMETER  EXCEEDS  8  FEET,/10X,  llOHBUT  IS  LESS  THAN  16  FEET,  I 
7T  IS  BUCKED  TO  THE  NEXT  SMALLER  EVEN-NUMBERED  FOOT  OF  LENGTH,    PLUS 

8  TRIM  ALLOWANCE.   /10X,109HTHE  REMAINING  LENGTH  IS  DROPPED  INTO  THE 

9  NEXT  LOWER  STUMPAGE   VALUE  CATEGORY.      IF  THE  LAST  LOG  TO  THE  MINIM 
AUM  /10X,106HSCALING  DIAMETER  IS  LESS  THAN  8  FEET  LONG,    THE  ENTIRE 
B LENGTH  IS  DROPPED  INTO  THE  NEXT  LOWER  STUMPAGE   VALUE/1  OX,  9HCATEG0R 
CY./) 

WRITEdOUT,  121 )  PULPMN,  C0NV(1  ) ,VALUE(1  ),PULPMN,  PULFMX,  C0NV(2), 

1  VALUE ( 2 ),PULPMX,  SAWTBR,  CONV (3),  VALUE (3) 

1 21  FORMA  T (2  5X,  8HSTUMPA  GE,  1 5X,  8H DIAMETER,  20X,  6H  VOLUME,  20X,  8HSTUMPA  GE/ 
127X,  6HVALUE,  1  7X,  6HLIMITS,  22X,  4HUNIT,  22X,  5HVALUE/2 7X,  SHCLASS,  1  8X,  4H 

2  (IB) ,  22X,  7HFACT0RS,  19X,  8HPER  UNIT/25X,  88  (1H_)//25X,  14HFUELW00D  CHI 
3PS,3X,10HLESS  THAN  ,F4.1,7H  INCHES,  8X,F4.0,11H  CUBIC  FEET,  9X,  2H  $, 
4F7.2,8H  PER  T0N/46X,13H  NO  BRANCHES  ,17X,7HPER  T0N//25X,  15HPULPW00 
5D  BOLTS  ,6X,F4.1,2H  -,F4. 1,1  5X,F4.0,  IIH  CUBIC  FEET,7X,4H  $,F7.2, 
69H  PER  CORD/7 6X,8HPER  C0RD//25X,  ISHCHIP'N 'SAW  LOGS,  6X,  F4 .1,  2H  -,F4 
7. 1,  1  5X,  F4.  0,  IIH  CUBIC  FEET,  7X,  4H  $.F7.  2,  9)i  PER  CORD/76X,  8HPER  CO 
8RD//) 

IF(IRULE)   342,343,344 

342  WRITEdOUT,  125)    VALUE (4),    SAWTBR 

125  FORMAT ( 2 5X,15HSAWTIMBER  LOGS  ,  6X,  12H GREATER  THAN,13X,16H  CUNIT 
IS            ,  8X,  3H     $,  F7.  2, 1  OH  PER  CUNIT/46X,  F4.1,  7H  INCHES/25X,  88  (1H_)  ) 

GO  TO  349 

343  WRITEdOUT, 126)   VALUE (4  ),  SAWTBR 

126  FORMAT ( 2 5X,15HSAWTIMBER  LOGS  ,  6X,  12HGREATER  THAN,13X, 
116HB0ARD  FEET  DOYLE,  7X,  3H     $,  F7 .  2,  8H  PER  MBF/46X,  F4.1,  7H  INCHES/25 
2X,88(1H_)) 

GO  TO  349 
S44  IF(IRULE.EQ.2)   GO  TO  345 

WRITE  (TOUT,  127)    VALUE  (4),  SAWTBR 

127  FORMAT(25X,15HSAWTIMBER  LOGS  ,  6X,  12HGREATER  THAN,13X, 
116HB0ARD  FEET  INT  'L,  7X,  3H     $,  F7.  2.  8H  PER  MBF/46X,  F4.1,  7H  INCHES/25 
2X,88(1H_)) 

GO  TO   349 
\345  WRITEdOUT, 128)    VALUE (4  ),  SAWTBR 

128  FORMAT ( 2 5X,15HSAWTIMBER  LOGS  ,  6X,12HGREATER  THAN,6X, 
129HB0ARD  FEET  SCRIBNER  DECIMAL  C,X,3H     $,F7.2,8H  PER  MBF/46X, 
2F4.1,  7H  INCHES/2 5X,  88  (IHJ  ) 

GO  TO  349 

^72  WRITEdOUT,  373)  PULPMN,  CONVd  ) ,VALUE(1  ), PULPMN,  PULPMX,C0NV(2 ) 

1  VALUE  (2 ),  PULPMX,  SAWTBR,  CONV (3 ) ,  VALUE  (3) ,  CONV (4  ) 

2  VALUE  (4),  SAWTBR 


373  FORMAT ( 2 SX,  8HSTUMPAGE,15X,  8H DIAMETER,  20X,  6HWEIGHT,  20X,  8HSTUMPAGE/ 
127X,  5HVALUE,  1  7X,  6HLIMITS,  22X,  4HUNIT,  22X,  5HVALUE/2 7X,  5HCLASS,  1  8X,  4H 

2  (IB) ,  22X,  7HFACT0RS,  19X,  8HPER  UNIT/25X,  88(1H_)//25X,  14HFUELW00D  CHI 
3PS,3X,10HLESS  THAN  ,F4.1,  7H  INCHES,  8X,F4.0,11H  CUBIC  FEET,9X,2H  $, 
4F7.2,8H  PER  T0N/46X,13H  NO  BRANCHES  ,17X,7HPER  TON//25X,  15HPULPW00 
5D  BOLTS  ,6X,F4.1,2H  -,F4. 1,  15X,  F4.  0,  IIH  CUBIC  FEET,9X,2H  $,F7.2,9H 
6  PER  TON  /76X,7HPER  T0N//25X,  15HCHIP 'N 'SAW  L0GS,6X,F4.1,2H  -,F4.1, 
71SX,F4.0,11H  CUBIC  FEET,9X,2H  $,F7.2,8H  PER  T0N/76X,  7HPER  T0N//25X 
8,15HSAWTIMBER  LOGS  ,  6X,  12HGREATER  THAN,  13X,  F4,0,  IW  CUBIC  FEET,  9X, 
92H  $,F7.2,8H  PER  T0N/46X,  F4. 1,  7H  INCHES,  1 9X,  7HPER  T0N/25X,88  (IHJ/ 
A/25X,90HWEIGHT  UNIT  FACTORS  FOR  PRODUCTS  OTHER  THAN  FUELWOOD  CHIPS 
B  ARE  IN  CUBIC  FEET  OF  GREEN  W00D/25X,  85HPER  TON.  TOTAL  WEIGHT  OF 
CTHE  GREEN  WOOD  OF  THESE  PRODUCTS  IS  INCREASED  BY  10  PERCENT/ 2 5X, 27 
DHTO  ACCOUNT  FOR  BARK  WEIGHT.) 

349  IF(ICULLP.NE.O)    WRITE (I0UT374 )  ICULLP,  ICULLD 

374  FORMAT (/ /I  0 X,  81 HS FECIAL  NOTE:  THIS  RUN  HAS  ACTIVATED  THE  SAWTIMBER 
1  CULL  FEATURE  OF  MERCHANDIZER.  ,I3,25H  PERCENT  OF  THE  SAWTIMBER/24 
2X,  5 3H VOLUME  IN  EACH  DIAMETER  CLASS  BELOW  AND  INCLUDING  THE, 1 3,    36H 

3  INCH  CLASS  HAS  BEEN  ASSIGNED  TO  THE) 
IF(ICULLV)   380,381,382 

380  WRITE(I0UT,383) 

383  FORMAT(24X,  79HFUELW00D  CHIP  VOLUME  CATEGORY  BECAUSE,  AS  CULL  VOLUM 
IE,    IT  WAS  DEEMED  UNSUITABLE/24X,  23HT0  PRODUCE  SAWN  LUMBER.) 

GO  TO  386 

381  WRITE  (TOUT,  384) 

384  F0RMAT(24X,  74HPULPWOOD  VOLUME  CATEGORY  BECAUSE,  AS  CULL  VOLUME,  IT 
1   WAS  DEEMED  UNSUITABLE/24X,  23HT0  PRODUCE  SAWN  LUMBER.) 

GO  TO  386 

382  WRITE  (TOUT,  3  85) 

385  F0RMAT(24X,76HCHIP'N'SAW  VOLUME  CATEGORY  BECAUSE,    AS  CULL    VOLUME, 
IIT  WAS  DEEMED  UNSUITABLE/24X, 23HT0  PRODUCE  SAWN  LUMBER.) 

C 

C END  OF  MERCHANDIZER  HEADER 

C 

386  IBAGE=BAGE 
C 

C ANY  STEP  SIZES  LESS  THAN  1  ARE  SET  EQUAL  TO  1  —  THIS  IS  DONE  TO 

C ALLOW  BLANK  STEP  SIZES  AS  INPUT  WHEN  OUTPUT  IS  GENERATED  FOR  ONLY 

C ONE  SITE  INDEX,  AGE,  OR  NUMBER  VALUE 

C 

IF  (ISB.EQ.ISE)  ISS-1 

IF  (INB.EQ.INE)  INS=1 

IF  (lAB.EQ.IAE)  IAS=1 
C 

C SET  UP  DO  LOOPS  TO  GENERATE  TABLES  FOR  EACH  COMBINATION  OF  SITE, 

C AGE,  AND  NUMBER 

C 

DO  100  IS=ISB,ISE,ISS 
SI  =  IS 

DO  100  IN=INB,INE,INS 
ANO=IN 
ANNOW=IN 

DO  100  IA=IAB,IAE,IAS 
AGE=IA 
AS=AGE 
C 

C CALL  ROUTINE  TO  COMPUTE  MEAN  HEIGHT  OF  DOMS  AND  CODOMS  PLUS  THE  | 

C SITE  INDEX  FOR  THE  ALTERNATE  BASE  AGE  (ABAGE) 

C 

CALL  HEIGHT  (H,AS,BAGE ,SI ,KSPCE,ABAGE, lASI) 
C 

C CALL  ROUTINE  TO  CALCULATE  SURVIVAL  IF  INPUT  IS  NUMBER  PLANTED  ' 

C i 

IF  (KEY.EQ.1.0R.KEY.EQ.2)  ANNOW=SURVIV(H,AGE ,ANO,KSPCE,KEY) 
IF  (KSPCE.EQ.l)  WRITE  (I0UT,114) 
IF  (KSPCE,EQ.2)  WRITE  (I0UT,115) 
WRITE  (I0UT,102)  IS,IBAGE 
102  FORMAT  (1H0,52X, lOHSITE  INDEX, 14, IIH  (BASE  AGE,I3,1H)) 

114  FORMAT  (1H1//61X,10HSLASH  PINE) 

115  FORMAT  (1H1//60X,13HL0BL0LLY  PINE) 
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IF  (KEY.EQ.3)  GO  TO  10 
5  WRITE  (I0UT,103)  IN 

103  FORMAT  (IHO, 52X, I4,23H  STEMS  PER  ACRE  PLANTED) 
GO  TO  11 

10  WRITE  (I0UT,112)  IN 

112  FORMAT  (1H0,5X,I4,25H  STEMS  PER  ACRE  SURVIVING) 

11  IF  (KEY.EQ.l)  WRITE  (I0UT,116) 
IF  (KEY.EQ.2)  WRITE  (I0UT,117) 

116  FORMAT  (1H0,56X,20HIDEAL  SURVIVAL  MODEL) 

117  FORMAT  (1H0,57X,18HC-S  SURVIVAL  MODEL) 
IH=H+.5 

WRITE  (I0UT,104) 

104  FORMAT  (1H0/58X,24( 1H-)  ,17HCUBIC  FOOT  VOLUME  ,24( lH-)/6X,7HGR0WING, 
145X,9HALL  TREES, 9X,47H5-INCH  CLASS  AND  GREATER,  STUMP  HEIGHT  .5  FE 
2ET,/6X,12HSEAS0NS  AV.  ,8X, 5HSTEMS,28X,6HGR0UND, IIX, 19HF0R  O.B.  TOP 
3S  OF  -/7X,23HSINCE  D+C  DBH  PER,5X,17HBASAL  CR  AV.,7X,6 
4HT0  TIP,11X,8H2  INCHES, 11X,8H3  INCHES, 11X,8H4  INCHES/8X, lOHEST. 
5HT.,9X,4HACRE,5X,4HAREA,9X,3HHT.,6X,11H0.B.  I  .B. ,6X, UHO.B.  I. 
6B.,8X,11H0.B.   I.B.,8X,11H0.B.   I.B.) 

WRITE  (I0UT,105) 

105  FORMAT  (1X,3H***  ,122X,3H***) 
DO  12  Jl=l,2 

DO  12  J2=l,9 

12  YIELD(J1,J2)=0 

C 

C CALL  ROUTINE  TO  CALCULATE  DIAMETER  DISTRIBUTION  USING  WEIBULL 

C PARAMETER  ESTIMATES 

C— 

CALL  DIADST  (AGE ,H, ITREES,DMAX,ANNOW,A,B,C ,KSPCE) 
C 

C EXTRACT  COEFFICIENTS  FROM  COEFLM  (LAMBDA)  AND  COEFCR  (MEAN  CROWN 

;C RATIO)  ACCORDING  TO  SPECIES  BEING  SUMMARIZED  AND  CALCULATE 

\C LAMBDA  AND  MEAN  CROWN  RATIO 

C 

DO  18  Kl=l,2 
DO  15  K2=l,4 
GO  TO  (13,14),K1 

13  BETA(K2)=C0EFLM(KSPCE,K2) 
GO  TO  15 

14  BETA(K2)=C0EFCR(KSPCE,K2) 

15  CONTINUE 
DUM=BETA(1)+BETA(2)*AL0G10(H)+BETA(3)*AL0G10(AGE) 

1    +BETA(4)*AL0G10(ANN0W) 
IF  (DUM.LT.0.0)  DUM=0.0 
GO  TO  (16,17),K1 

16  ALAMDA=DUM 
GO  TO  18 

17  ACROWN=DUM 

18  CONTINUE 
C 

C IF  CROWN  RATIO  IS  GREATER  THAN  100,  THEN  SET  IT  EQUAL  TO  100 

C 

IF  (ACROWN-100.)  20,20,19 

19  ACR0WN=99.9995 

: CALCULATE  ARITHMETIC  MEAN  DBH  (DA)  AND  QUADRATIC  MEAN  DBH  (DQ) 

20  DA=A+B*GAMMA(C**(-1.)+1.) 

DQ=SQRT( A**2+2 .*A*B*GAMMA( C**( -1 . )+l . )+B**2*GAMMA( 2 .*C**( -1 . )+l • ) ) 

BASAL(2)=0. 

KDFST=0 

LINCK=0 

ITREES(41)=0 

I FOR  EACH  DBH  CLASS  (1-40)  MAKE  VARIOUS  CALCULATIONS.  THE  ARRAY 

t YIELD  HAS  TWO  ROWS  AND  9  COLUMNS.  ROW  1  CONTAINS  INFORMATION  FOR 

THE  DBH  CLASS,  ROW  2  HOLDS  TOTALS  OVER  ALL  CLASSES.  COLUMN  1 

CONTAINS  AVERAGE  TREE  HEIGHT,  COLUMNS  2-3  HOLDS  VOLUME  FROM 

GROUND  TO  TIP,  AND  COLUMNS  4-9  HOLDS  MERCHANTABLE  VOLUME  IN 

CUBIC  FEET. 
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c 

DO  90  IDBH=1,40 
DBH=IDBH 

Z."..—     CALL  FUNCTION  ROUTINE  TO  COMPUTE  AVERAGE  HEIGHT  OF  TREE 
C 

YIELD(l,l)=MEANHT(DBH,DMAX,AGE,H,ANN0W,KSPCE)+.5 

FREQ=FLOAT(ITREES(IDBH)) 

IF  (FREQ)  22,22,23 
22  IF  (ITREES(41))  90,90,95 

C 

C SET  AVERAGE  HEIGHT  TO  5  IF  IT  IS  LESS  THAN  5 

C 23  IF  (YIELD(l,l)-5)  24,25,25 

24  YIELD(1,1)=5 
C 

C ACCUMULATE  TOTAL  NUMBER  STEMS  PER  ACRE  IN  ITREES(41)  AND  TOTAL 

C BASAL  AREA  IN  BASAL(2).  ALSO  CALCULATE  BASAL  AREA  IN  BASAL(l) 

C AND  CROWN  RATIO. 

C 

25  ITREES(41)=ITREES(41)+ITREES(IDBH) 
BASAL(1)=.00545415*DBH*DBH*FREQ 
BASAL(2)=BASAL(2)+BASAL(1) 
CRATI0=100.*(l.-EXP((DBH/DA)**ALAMDA*AL0G(l.-ACR0WN/100.)))+.5 

C 

C— SELECT  CROWN  RATIO  CLASS 

C 

IF  (CRATIO-35)  26,26,27 

26  ICRG=1 
GO  TO  30 

27  IF  (CRATIO-50)  28,28,29 

28  ICRG=2 
GO  TO  30 

29  ICRG=3 

30  HT=FL0AT(YIELD(1,1)) 
LINCK=LINCK+1 
L5LIN=(FL0AT(LINCK)/5.-FL0AT(LINCK/5))*10. 

C 

C CALL  ROUTINE  TO  COMPUTE  TOTAL  VOLUME  FOR  THIS  DBH  CLASS 

C 

CALL  TVOL  (DBH, ICRG,HT, VOLT, KSPCE) 

C 

C STORE  TOTAL  VOLUME  FOR  DBH  CLASS  AND  ACCUMULATE  OVERALL  TOTALS 

C 

DO  35  Jl=2,3 

YIELD(l,Jl)=V0LT(Jl-l)*FREQ+.5 
35  YIELD(2,J1)=YIELD(2,J1)+YIELD(1,J1) 

C 

C IF  DBH  CLASS  IS  5  OR  GREATER,  CALCULATE  MERCHANTABLE  VOLUMES  AND 

C STORE,  OTHERWISE  SKIP  CALCULATIONS 

C - 

IF  (IDBH-5)  40,45,45 
40  JT1=3 
GO  TO  70 
C 

C CALL  ROUTINE  TO  COMPUTE  MERCHANTABLE  VOLUMES  FOR  THIS  DBH  CLASS 

C 

45  CALL  MVOL  (DBH, ICRG,HT,VOLM, KSPCE) 

DO  65  Jl=4,9 

YIELD(l,Jl)=V0LM(Jl-3)*FREQ+.5 
65  YIELD(2,J1)=YIELD(2,J1)+YIELD(1,J1) 

JT1=9 
70  IF  (KDFST)  75,75,80 

75  WRITE  (I0UT,106)  lA, IH, IDBH, ITREES( IDBH) ,BASAL(1 )  ,CRATI0, 
1  (YIELD(l,Jl),Ji=l,JTl) 

KDFST=1 
GO  TO  85 
80  WRITE  (I0UT,107)  IDBH, ITREES( IDBH)  ,BASAL(1 ) ,CRATIO, 

1  (YIELD(1,J1),J1=1,JT1) 

85  IF  ((L5LIN.EQ.0).AND.(ITREES(IDBH+2).NE.0).AND.(IDBH.LT.38)) 

1     WRITE  (I0UT,108) 
108  FORMAT  (IH  ) 
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c 

C CALL    'MERCHAWIZER'  ROUTINE  TO  CONVERT  CUBIC  FOOT  MERCHANTABLE 

C VOLUMES  TO  MERCHANTABLE   VOLUMES  FOR  FUEL  CHIPS    (TONS) 

C PULPWOOD  AND/OR  CHIP  'N  'SAW  LOGS    (CORDS  OR  TONS),    AND  SAWTIMBER 

C (TONS,    CUNITS,    OR  MBF  DOYLE,    INTERNATIONAL   QUARTER  INCH,    OR 

C SCRIBNER  DECIMAL  C  LOG  RULES) 

C 

CALL  MRCHDZ  (DBH,  HT,  ICRG,  KSPCE,  STUMPG,  CONV,  IRULE,  PULPMN,  PULFMX, 
ISAWTBR) 

C 

C FUEL  CHIPS  ARE  THE  DIFFERENCE  BETWEEN  THE  TOTAL   VOLUME  OB  AND 

C THE  PULPWOOD,    CHIP  'N  'SAW,    AND  SAWTIMBER   VOLUMES   (ALL   2  IB  AND 

C ALL  MEASURED  IN  CUBIC  FEET)  .      TO  (MIT  BARK  VOLUME  FROM  THE  FUEL 

C CHIP  CALCULATIONS,    CHANGE  YIELD (1,2)   TO   YIELD (1,3)   BELOW. 

C 

F  YIELD  (IDBH)=FLOA  T  (YIELD  (1,2))  /FREQ 

C 

C END  OF  MERCHANDIZER  CALCULATIONS  IN  LOOP   "DO  90" 

C 

90  CONTINUE 
C 

C WRITE  OUT  OVERALL  TOTALS  FOR  STEMS,  BA,  AND  VOLUMES 

C 

95  WRITE(I0UT,109)  ITREES(41 ) ,BASAL(2) ,{ YIELD{2,J1 ) ,J1=2 ,9) 
TS=ITREES(41) 

C 

C IF  INPUT  IS  NUMBER  PLANTED,  CALCULATE  PERCENT  SURVIVAL, 

C OTHERWISE  SKIP  THIS  CALCULATION 

C 

IF  (KEY.EQ.3)  GO  TO  98 

PCTSUR=TS/AN0*100. 

WRITE  (I0UT,110)  DA,DQ,A,B,C,PCTSUR,ACROWN,ALAMDA 

GO  TO  99 
98  WRITE  (I0UT,113)  DA,DQ,A,B,C,ACROWN,ALAMDA 

PCTSUR=0. 

C 

C IF  THERE  IS  AN  ALTERNATE  BASE  AGE  GIVEN  AS  INPUT,  PRINT  IT, 

C OTHERWISE  SKIP  THIS  WRITE  STATEMENT 

C 


99  IF  (ABAGE-0.)  97,97,96 

96  IF  (AS.LT.6)  GO  TO  97 
IABAGE=ABAGE 

WRITE  (lOUT.lll)  IABAGE,IASI 

97  WRITE  (I0UT,105) 
C 

C WRITE    'MERCHANDIZER'  OUTPUT 

C 


t. 


IF (KSPCE. EQ.l)    WRITE (TOUT,  114) 
IF(KSPCE.EQ.2)    WRITE  (TOUT,  lib  ) 
W  RITE  (lOUT,  102)  IS,    IB  AGE 
IF(KEY.EQ.3)   GO  TO  340 
WRITE(IOUT,103)  IN 
GO  TO  341 

340  WRITE(I0UT,112)  IN 

341  IF  (KEY. EQ.l)  WRITE  (TOUT,  11 6  ) 
IF(KEY. EQ. 2)  WRITE (TOUT,  1 1  7) 
IF(IRULE.EQ.-2)    GO  TO  3  70 


BUILD  A    TABLE  HEADER  FOR  LOG  SCALE  OPTION 


WRITE(I0UT,129) 

129  F0RMAT(//8X,7HGR0WING,15X,38H VOLUMES  PER  ACRE 

1-,7X,49H STUMPAGE   VALUE  PER  ACRE /8X,  7HSEA 

2S0NS,  ex,  5HSTEMS,  2X,  4HFUEL,  4X,  8HPUPLW00D,  X,  1 OHCHIP  'N  'SAW,  2X,  9HSAWT 
3IMBER,  7X,  4HFUEL,  3X,  8HPULPW00D,  2X,  1  OHCHIP  'N  'SAW,  2X,  9HSAWTIMBER,  2X,  9 
4HDBH  CLASS/9X,  5HSINCE,  4X,  3HDBH,  3X,  3HPER,  3X,  5HCHIPS,  5X,  5HB0LTS,  5X,  4 
5HL0GS,  7X,  4HL0GS,  1  OX,  SHCHIPS,  4X,  5HB0LTS,  6X,  4HL0GS,  7X,  4HL0GS,  7X,  5HT0 
6TAL 

IF(ITRULE)   346,  34  7,  34  7 
\  346  WRITE  (TOUT,  132) 
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1  22  FORMATd  OX,  4HEST. ,  2X,  5HCLASS,  2X,  4HACRE,  2X,  6H  (TONS),  3X,  7H  (CORDS),  3X 
1,  7H(C0RDS),  3X,  8H(CUNITS) ,  8X,  3H($),  6X,  3H($),  8X,  3H($),8X,  3H($),  8X,  3H 
2(4),2X//) 
GO  TO  348 

34  7  WRITE (TOUT, 134) 

134  FORMATdOX,  4HEST.,  3X,  5HCLASS,  2X,  4HACRE,  2X,  6H(T0NS),3X,  7H(CORDS),3X 
1,7H(  CORDS) ,  3X,  9H  (MBF)  ,  8X,  3H($),  6X,  3H($),  8X,  3H($),  8X,  3H($),  8X,  3 
2H($),X/) 

GO  TO  348 

C 

C BUILD  A    TABLE  HEADER  FOR  WEIGHT  SCALE  OPTION 

C 

370  WRITE  (TOUT,  140) 

140  FORMAT (//8X,  7HGR0WING,  15X,  38H WEIGHTS  PER  ACRE 

1-,  7X,49H STUMPAGE   VALUE  PER  ACRE /8X,  7HSEA 

2S0NS,  8X,  5HSTEMS,  2X,  4HFUEL,  4X,  8HPULPW00D,  X,  1 OHCHIP  'N  'SAW,  2X,  9HSAWT 
3IMBER,  7X,  4HFUEL,  3X,  8HPULPW00D,  2X,  1  OHCHIP  'N  'SAW,  2X,  9HSAWTIMBER,  2X,  9 
4HDBH  CLASS/9X,  5HSINCE,  4X,  3HDBH,  3X,  3HPER,  3X,  5HCHIPS,  5X,  5HB0LTS,  5X,  4 
5HL0GS,  7X,  4HL0GS,  1  OX,  5HCHIPS,  4X,  5HB0LTS,  6X,  4HL0GS,  7X,  4HL0GS,  7X,  5HT0 
6TAL/1  OX,  4HEST. ,  3X,  5HCLASS,  2X,  4HACRE,  2X,  6H  (T0NS),3X,  6H  (T0NS),4X,  6H  ( 
7T0NS)  ,6X,6H  (TONS)  ,9X,3H($),  6X,  3H($),  8X,  3H($),  8X,  3H($),  8X,  3H  ($ )  /) 

348  WRITE  (TOUT,  135)  I A 

135  F0RMAT(8X,I4) 
C 

C CALCULATE  MERCHANDIZED  STUMPAGE   VALUES 

C 

DO   357  J  =1,9 

STUMPV(2,J)=0.0 

357  CONTINUE 

DO   360  IDBH=1,U4AX 
IF(ITREES(IDBH).EQ.O)    GO  TO  360 
DO   358  J =1,9 
STUMPY ( 1, J )=0.0 

358  CONTINUE 

TREEZ =FLOA T (I TREES (IDBH)) 

STUMPV(1,1  )=TREEZ*(FYIELD(IDBH)-STUMPG(IDBH,  1  ) 
1  -STUMPGdDBH,  2)-STUMPG(IDBH,  3))/C0NV(l  ) 

IF(STUMPV(1,1)  .LT.0.0)   STUMPY (1,1  )=0.0 
IF(IRULE.EQ.-2)   GO  TO  371 
STUMPY  (1,2  )=TREEZ  *STUMPG  (IDBH,  1  )/CONY  (2  ) 
STUMPYd ,  3 )=TREEZ*STUMPG (IDBH,  2) /CONY (3) 
IF(IRULE)   351,352,353 

351  STUMPY (1 ,  4 )=TREEZ*STUMPG ( IDBH,  3)/l  00. 
GO  TO  354 

352  STUMPY (1,  4)=TREEZ*STLMPG  (IDBH,  4)/l  000. 
GO  TO  354 

353  STUMPY (1,  4 )=TREEZ*STUMPG  (IDBH,  5)/l  000. 
IF(IRULE.EQ.2)   STUMPY (1,  4  )=TREEZ*STUMPG (IDBH,  6 ) /I  000. 
GO  TO  354  4, 

C 

C—. CALCULATE  WEIGHTS  AND  VALUES  FOR  WEIGHT  SCALE  OPTION 

C WEIGHT  OF  THE  WOOD  INT  HE  DIAMETER  CLASS  IS  CALCULATED  BY 

C PRODUCT  AND  THE  TOTAL  WEIGHT  INCREASED  10  PERCENT  TO  ACCOUNT 

C FOR  BARK  WEIGHT. 

C 

371  STUMPYd,  2)=1.1*TREEZ*STUMPG(IDBH,1)/C0NY(2) 
STUMPY  (1,  3)  =1.1  ''TREEZ  '■STUMPG  (IDBH,  2)/C0NV  (3  ) 
STUMPYd,  4)=1 . 1  *TREEZ*STUMPG(IDBH,  3)/C0NV(4) 

C 

C DEDUCT  CULL  FROM  SAWTIMBER,    CALCULATED  AS  A   PERCENTAGE  OF 

C SAWTIMBER  CUBIC  FOOT   VOLUME,    AND  ASSIGN  THE  CULL    VOLUME  TO 

C THE  NEXT  LOWER-VALUED  PRODUCT  MERCHANDIZED 

C 

354  IF(STUMPV(1,4)  .LE.0.000)   GO  TO  361 
IFdDBH.GT.ICULLD)   GO  TO  361 
STUMPV(1,4)=STUMPV(1,4)*(1.0-CULLP) 
CUL  VOL=TREEZ '^STUMPG  (IDBH,  3  )  *CULLP 
IF(ICULLV)   375,376,377 

375  IF(IRULE.EQ.-2)  STUMPVd ,1)=STUMPV(1,1 )+ (1  .l^CULYOL/CONYd  ) ) 
IF(IRULE.NE.-2)   STUMPY (1,1  )=STUMPY (1,1  )+(CULVOL/CONV (1 )  ) 
GO  TO  361 
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376  IF(IRULE.EQ.-2)  STUMPVd,  2)=STUMPV(1 ,  2)+ (1 .  1*CULV0L/C0NV(1  ) ) 
IFdRULE.  NE.  -2)   STUMPY (1,  2  )=STUMPV(1,  2  )+(CULVOL/CONV (1 )  ) 

GO  TO  361 

377  IFdRULE. EQ. -2)  STUMPVd ,  3)=STUMPV(1 ,  3)+ (1  .1  *CULV0L/00NV(2 ) ) 
IFdRULE.  NE.  -2  )   STUMPY (1,  3  )=STUMPV(1,  3  )+(CUL  VOL/CONV (2 )  ) 

C 

C CALCULATE  STUMPAGE   YALUES  AND  AGGREGATE  VOLUMES  AND  VALUES 

C BY  DBH  CLASS 

C 

361    DO   355  J=5,  8 

STUMPY (1 ,  J)=STUMPV(1 ,  J-4  )  ''VALUE d-4  ) 
IF(STUMPV(1,J)  .LT.0.0)   STUMPY (1,  J )=0 . 

355  STUMPV(1,9)=STUMPV(1,9)+STUMPV(1,J)  ' 
DO  356  J=l,9 

356  STUMPY (2,  J)=STUMPV(2,  J)+STUMPV(1 ,  J) 
C 

C END  OF  MERCHANDIZER  OUTPUT  CALCULATIONS 

C 

WRITEdOUT,  136)  IDBH,  ITREES(IDBH) ,  (STUMPVil  ,J )  ,J=1 ,  9) 

136  FORMAT (1 9X,  12,  2X,  14,  4X,  F4.1,  4X,  F5 . 1,  5X,  F5.1,  4X,  F7.  3,  9X,  F6.  2,  2X,  F7. 
1 2,  4X,  F7.  2,  4X,  F7.  2,  4X,  F7.  2/) 

360  CONTINUE 

WRITEdOUT,  137) 

137  F0RMAT(/23X.4H  ,3X,4H  ,5X,5H  ,5X,5H  ,6X,5H  __,9X,6 
IH     _        ,2X,7H                ,4X,'?H" ,4T,T          _~~4X~7^  "?/) 

WRITEllOUT,  138TlfREES(41  )~JsfUMPV(2,/)~J=l,  9l 

138  F0RMAT(23X,I4,4X,F4.1,4X,F5.1,5X,F5.1,4X,F7.3,9X,F6.2,2X,F7.2,4X,F 
17.2,4X,F7.2,4X,F7.2) 

C 

C END  OF  MERCHANDIZER  OUTPUT 

r 

100  CONTINUE 

GO  TO  230 
220  WRITE  (I0UT,118) 

106  FORMAT  (8X,  I3,4X,  I4,2X, I3,3X, I4,3X,F6. 1 ,3X, I3,3X, I3,2(5X, I5,2X,  15) 
1       ,2(7X,I5,2X,I5)) 

107  FORMAT  (  21X, I3,3X, I4,3X,F6. 1,3X, I3,3X, I3,2(5X, I5,2X, 15) 
1       ,2(7X,I5,2X,I5)) 

109  FORMAT  (IH  ,26X,4H ,3X,6H ,17X,2(5H ,2X,5H ,5X), 

1  2X,2(5H ,2X,5H ,7X)/27X,I4,3X,F6. 1,17X, 

2  2(I5,2X,I5,5X),2X,2(I5,2X,I5,7X)) 

110  FORMAT  (1H0,12X,16HARITH.  MEAN  DBH=,F5. 1,25H  ,  QUADRATIC  MEAN  D 
1BH=,F5.1,27H  ,  WEIBULL  PARAMETERS  A=,F4.1,6H  ,  B=,F6.2,6H  ,  C 
2=,F5.2/30X,17HPERCENT  SURVIVAL=,F5. 1,25H  ,  MEAN  CROWN  RATI0=, 
3F5.1,14H  ,     LAMBDA=,F6.3) 

111  FORMAT  (IH  ,43X,37HC0RRESP0NDING  SITE  INDEX  FOR  BASE  AGE, 13, 1H=, 13 
1) 

113  FORMAT  (1H0,12X,16HARITH.  MEAN  DBH=,F5. 1,25H  ,    QUADRATIC  MEAN  D 
1BH=,F5.1,27H  ,    WEIBULL  PARAMETERS  A=,F4.1,6H  ,  B=,F6.2,6H  ,  C 
2=,F5.2/46X,17HMEAN  CROWN  RATI0=,F5. 1 , 14H  ,     LAMBDA=,F6.3) 
118  FORMAT  (1H1,43HAGE  LIMITS  ARE  TOO  SMALL  --  PROGRAM  ABORTED) 
230  STOP 
END 
r 

C 

C 

BLOCK  DATA 

COMMON  /TAPER/C0EFSS(3,14) ,C0EFSL(3 ,14) 

C 

C*******  TAPER  COEFFICIENTS 

C- - 

C INITIALIZE  SLASH  TAPER  COEFFICIENTS  —  BY  CROWN  RATIO  GROUP 

C- -  BETAIOB  -  B(l) 

C BETA20B  -  B(2) 

C BETA30B  -  B(3) 

C BETA40B  -  B(4) 

C ETAOB    -  ETAOB 

[C GAMMAIOB  -  G(l) 

|C GAMMA20B  -  G(2) 

C BETAIIB 


I 
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C BETA2IB 

C BETA3IB 

C BETA4IB 

C ETAIB 

C GAMMAIIB 

C GAMMA2IB 

C COLUMN  1  OF  COEFS  IS  CROWN  RATIO  LESS  THAN  36 

C COLUMN  2  OF  COEFS  IS  CROWN  RATIO  36-50 

C COLUMN  3  OF  COEFS  IS  CROWN  RATIO  GREATER  THAN  50 

C 

DATA  COEFSS/ 

1  19.685000,   9.142700,  6.062700, 

2  0.520310,   1.634400,  1.919300, 

3  0.015268,   -0.041715,  -0.068244, 

4  -13.065000,  -8.588700,  -7.181500, 

5  -0.135320,   -0.135320,  -0.135320, 

6  0.000000,   0.000000,  0.000000, 

7  1.000000,   1.000000,  1.000000, 

8  10.991000,   2.739100,  0.774720, 

9  0.524640,  1.495400,  1.610900, 
A  0.022500,  -0.036476,  -0.053570, 
B  -6.630700,  -2.873900,  -1.801600, 
C  -0.109430,  -0.109430,  -0.109430, 
D  -0.481480,  -0.481480,  -0.481480, 
E   0.892630,   0.892630,  0.892630/ 

C 

C INITIALIZE  LOBLOLLY  TAPER  COEFFICIENTS  —  BY  CROWN  RATIO  GROUP 

C 

DATA  COEFSL/ 

1  21.901200,   14.118000,  9.610800, 

2  0.130381,   1.164817,  -0.556774, 

3  0.059713,   -0.015343,  0.062742, 

4  -15.313400,  -12.350600,  -4.239100, 

5  -0.101050,  -0.110650,  -0.122970, 

6  0.000000,   0.000000,  0.000000, 

7  1.000000,   1.000000,  1.000000, 

8  16.526100,   9.573100,  6.278900, 

9  -0.150774,  1.153531,  -0.567733, 
A  0.089512,  -0.012421,  0.077350, 
B  -9.852540,  -7.888530,  -1.695430, 
C  -0.102870,  -0.103780,  -0.103700, 
D  -0.462060,  -0.462060,  -0.462060, 
E   0.931570,   0.931570,  0.931570/ 

END 
C 

C*******  NUMBER  TREES  SURVIVING,  IDEAL  AND  C-S 

C 

C ARGUMENTS: 

C (1)  H    =  AVERAGE  HEIGHT  OF  DOMS  AND  CODOMS 

C (2)  AGE  =  AGE  OF  TREES 

C (3)  ANO  =  NUMBER  STEMS  PLANTED 

C (4)  KSPC  =  SPECIES 

C (5)  KEY  =  SELECTED  SURVIVAL  MODEL 

C 

FUNCTION  SURVIVIH, AGE, ANO, KSPC, KEY) 
DIMENSION  BETA(3,2),BETAG(3,2) 
C 

C- -  IDEAL  MODEL  COEFFICIENTS 

C ROW  1  IS  SLASH 

C ROW  2  IS  LOBLOLLY 

C 

DATA  BETA/ 

1-0.015038,-0.00063965,  +0.0095738, 

2-0.013480,-0.00060783,  +0.008^1124/ 

C 

C C-S  MODEL  COEFFICIENTS 

C ROW  1  IS  SLASH 

C ROW  2  IS  LOBLOLLY 


16 


c 

DATA  BETAG/ 

1  2.3949,    -1.2505,       0.0, 

2  2.1346,    -1.1103,    -0.1384/ 
GO  TO  (5, 10), KEY 

C 

C COMPUTE  SURVIVAL  FOR  IDEAL  MODEL 

C 

5  SURVIV=  AN0*10.**(  BETA( 1 ,KSPC)*AGE*AL0G10( ANO) 
1      +BETA(2,KSPC)*AGE*H  +  BETA(3,KSPC)*AGE*SQRT(H) ) 
RETURN 

C 

C COMPUTE  SURVIVAL  FOR  C-S  MODEL  ' 

C 

10  SURVIV=10.**(AL0G10(AN0)+(BETAG(1,KSPC)+BETAG(2,KSPC) 
1      *AL0G10(AN0)+BETAG(3,KSPC))*AGE/100.) 
RETURN 
END 
C 

C*******  MEAN  HEIGHT  OF  DOMS  AND  CODOMS  AND  SITE  INDEX 

C 

C ARGUMENTS: 

C (1)  H     =  AVERAGE  HEIGHT  OF  DOMS  AND  CODOMS 

C --  (2)  AS    =  AGE  OF  TREES 

C (3)  BAGE  =  BASE  AGE 

C (4)  SI    =  SITE  INDEX 

C (5)  KSPC  =  SPECIES 

C (6)  ABAGE  =  ALTERNATE  BASE  AGE 

C (7)  lAST  =  ALTERNATE  SITE  INDEX 

C 


SUBROUTINE  HEIGHT( H, AS, BAGE, SI , KSPC, ABAGE, lASI ) 

DIMENSION  BETA(4,2),C0L(4) 

C 

C BETA  COEFFICIENTS 

C ROW  1  IS  SLASH 

C ROW  2  IS  LOBLOLLY 

C 

DATA  BETA/  '  , 

1  -8.80405  ,   22.7952   ,    0.0000   ,    0.0000  , 

2  -21.0977   ,  316.282   ,-2443.85    ,  6318.86    / 
C 

C  — IF  AGE  LT  6  THEN  USE  INTERPOLATION 

C 

IF  (AS.GE.6)  GO  TO  4 
DO  2  J=l,4 
2   COL(J)=BETA(J,KSPC) 

CALL  HTSI(C0L,BAGE,AS,SI,1,6.0,H) 
IF  (ABAGE-0.)  10,10,5 

C 

C COMPUTE  AVERAGE  HEIGHT 

C 

4  H=SI*10.**(BETA(1, KSPC )*(1./AS-1. /BAGE )+BETA( 2, KSPC )*((!./ AS )**2 
1-(1./BAGE)**2)+BETA(3,KSPC)*((1./AS)**3-(1./BAGE)**3) 
2+BETA(  4 , KSPC )* ( ( 1 . / AS )**4- ( 1 . /BAGE )**4 ) ) 

C 

C COMPUTE  ALTERNATE  SITE  INDEX  IF  ALTERNATE  BASE  AGE  IS  GIVEN 

C 

IF  (ABAGE-0.)  10,10,5 
5  IASI-H*10.**(BETA(1,KSPC)*(1./ABAGE-1./AS)+BETA(2,KSPC)*((1./ABAGE 
1)**2-(1./AS)**2)+BETA(3,KSPC)*((1./ABAGE)**3-(1./AS)**3) 
2+BETA(4,KSPC)*((l./ABAGE)**4-(l./AS)**4))+.5 
10  RETURN 

END 

SUBROUTINE  HTSI (CO,AI ,X,SH, I ,AL,H) 

REAL  C0(4),AI,X,SH,I,AL 

V1=C0(1)/AI+C0(2)/AI**2+C0(3)/AI**3+C0(4)/AI**4 

IF  (X.GE.AL)  GO  TO  10 

IF  (I.LT.O)  GO  TO  20 

V2=C0(1)/AL+C0(2)/AL**2+C0(3)/AL**3+C0(4)/AL**4 

TSH=(X*(SH*10.**(V2-V1 ) ) )/AL 

H=TSH 

RETURN 
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10    V2=C0(1)/X  +C0(2)/X**2  +  C0(3)/X**3  +  C0(4)/X**4 

TSH=(SH*10.**(I*{V2-V1))) 

H=TSH 

RETURN 
20    H=0. 

RETURN 

END 

C 

C*******  MERCHANTABLE  VOLUME  OB  AND  IB  FROM  .5  STUMP  TO  2,  3,  AND 

C 4  INCH  TOP  OB 

C 

C ARGUMENTS: 

C --    (  1)  D      =  DBH  08 

C (  2)  ICRG    =  CROWN  RATIO  GROUP 

C (  3)  HT      =  TOTAL  HEIGHT  OF  TREE 

C (  4)  VOLM(l)  =  OB  VOLUME  TO  2  INCH  TOP  OB 

C (  5)  V0LM(2)  =  IB  VOLUME  TO  2  INCH  TOP  OB 

C (  6)  V0LM(3)  =  OB  VOLUME  TO  3  INCH  TOP  OB 

C (  7)  V0LM(4)  =  IB  VOLUME  TO  3  INCH  TOP  OB 

C (  8)  V0LM(5)  =  OB  VOLUME  TO  4  INCH  TOP  OB 

C (  9)  V0LM(6)  =  IB  VOLUME  TO  4  INCH  TOP  OB 

C (10)  KSPCE   =  SPECIES 

C 

SUBROUTINE  MV0L(D, ICRG, HT.VOLM, KSPCE) 

DIMENSION  V0LM(6),B(4),G(2) 

COMMON  /TAPER/C0EFSS(3,14)  ,C0EFSL(3, 14) 

HL  =  .5 

C 

C— HL  (STUMP  HEIGHT)  COULD  BE  DEFINED  AS  A  FUNCTION,  SAY  OF  DBH 

C 

DO  30  L=l,3 

GO  TO  (5,6,7),L 

5  GD=2 

GO  TO  10 

6  GD=3 

GO  TO  10 

7  GD=4 
C 

C— ARRAY  B  CONTAINS  BETA  COEFFICIENTS,  FIRST  FOR  OB,  THEN  FOR  IE 

C ETA  HOLDS  THE  OB  ETA,  THEN  THE  IB  ETA. 

C ARRAY  G  CONTAINS  GAMMAS  FOR  OB,  THEN  FOR  IB. 

C 

10  DO  30  1=1,2 

K=(I-1)*7 

IF(KSPCE.EQ.2)  GO  TO  21 

DO  15  J=l,4 
15  B(J)=COEFSS(ICRG,K+J) 

ETA=C0EFSS(ICRG,K+5) 

DO  20  J=6,7 

20  G(J-5)=C0EFSS(ICRG,K+J) 
GO  TO  24 

21  DO  22  J=l,4 

22  B(J)=COEFSL(ICRG,K+J) 
ETA=C0EFSL(ICRG,K+5) 
DO  23  J=6,7 

23  G(J-5)=C0EFSL(ICRG,K+J) 

24  GO  TO  (25, 26), I 
C 

C CALL  ROUTINE  TO  CALCULATE  HEIGHT  OF  TREE,  GIVEN  THE  DIAMETER 

C 

25  HU=HGD(D,HT,GD,ETA,G,B) 

26  M=2*(L-1) 
C 

C- -  CALL  ROUTINE  TO  CALCULATE  VOLUME  BETWEEN  TWO  HEIGHTS.  LOWER 

C HEIGHT  IN  THIS  CASE  IS  ALWAYS  .5  (STUMP  HEIGHT). 

C 

VOLM(M+I)=VIOB(D,HT,HL,HU,ETA,G,B) 
30  CONTINUE 

RETURN 

END 
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c 

C*******  TOTAL  VOLUME  FROM  GROUND  TO  TIP  OB  AND  ALSO  IB 

C ARGUMENTS: 

C (1)  D  =  DBH  OB 

C (2)  ICRG  =  CROWN  RATIO  GROUP 

C (3)  HT  =  TOTAL  HEIGHT  OF  TREE 

C (4)  VOLT(l)  =  VOLUME  OB 

C -  V0LT(2)  =  VOLUME  IB 

C (5)  KSPCE  =  SPECIES 

C 


SUBROUTINE  TVOL(D, ICRG, HT, VOLT, KSPCE) 

DIMENSION  V0LT(2),B(4),G(2)  k 

COMMON  /TAPER/C0EFSS(3,14) ,C0EFSL(3, 14) 

HL=0. 

HU=HT 

C 

C ARRAY  B  CONTAINS  BETA  COEFFICIENTS,  FIRST  FOR  OB,  THEN  FOR  IB, 

C ETA  HOLDS  THE  OB  ETA,  THEN  THE  IB  ETA. 

C ARRAY  G  CONTAINS  GAMMAS  FOR  OB,  THEN  FOR  IB. 

C - 

DO  30  1=1,2 
K=(I-1)*7 

IF(KSPCE.EQ.2)  GO  TO  20 
DO  10  J=l,4 
10  B(J)=COEFSS(ICRG,K+J) 

ETA=C0EFSS(ICRG,K+5) 
.   DO  15  J=6,7 
15  G(J-5)=C0EFSS(ICRG,K+J) 

GO  TO  28 
20  DO  22  J=l,4 
22  B(J)=COEFSL(ICRG,K+J) 
ETA=C0EFSL(ICRG,K+5) 
DO  24  J=6,7 
24  G(J-5)=C0EFSL(ICRG,K+J) 

C 

C CALL  ROUTINE  TO  CALCULATE  VOLUME  BETWEEN  TWO  HEIGHTS 


28  VOLT(I)=VIOB(D,HT,HL,HU,ETA,G,B) 

30  CONTINUE 
RETURN 
END 

C 

C*******  MEAN  HEIGHT  OF  TREE 

C 

C ARGUMENTS: 

C (1)  DBH  =  DIAMETER  CLASS 

C (2)  DMAX  =  LARGEST  DIAMETER  CLASS  WITH  COMPUTED  VALUE 

C (3)  AGE  =  AGE  OF  TREES 

C— (4)  H    =  AVERAGE  HEIGHT  OF  DOMS  AND  CODOMS 

C (5)  ANOW  =  NUMBER  STEMS  SURVIVING 

C (6)  KSPC  =  SPECIES 

C 


FUNCTION  MEANHT(DBH, DMAX, AGE, H, ANOW, KSPC) 

DIMENSION  BETA(6,2) 

C 

C BETA  COEFFICIENTS 

C ROW  1  IS  SLASH 

C ROW  2  IS  LOBLOLLY 

DATA  BETA/ 
1+0. 050341, 3. 1868, 1.5708E-5, 0.0114942, -2. 0981, 

2  1.4034   , 

3  0.032876, 1.9930, 2. 5047E-5, 0.0043249, -1.0360, 
4-0.026038/ 

MEANHT=10.**(AL0G10(H)+BETA(1, KSPC )-(l./DBH-l. /DMAX)* 

1  (BETA(2,KSPC)+BETA(3,KSPC)*AGE*AN0W+BETA(4,KSPC)*AN0W/AGE 

2  +BETA(  5, KSPC )*AL0G10( ANOW/ AGE )+BETA(6, KSPC )*AL0G10(H/ AGE )))  + 

3  .5 
RETURN 
END 
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c 

c 

c 

c 

c— 

c 

c- - 

c 

c- 


WEIBULL  PARAMETER  ESTIMATES 


ARGUMENTS: 

(1) 

AGE     = 

(2) 

H 

(3) 

AhJT     = 

(4) 

A 

(5) 

B 

(6) 

C 

AGE  OF  TREES 

AVERAGE  HEIGHT  OF  DOMS  AND  CODOMS 

NUMBER  STEMS  SURVIVING 

WEIBULL  LOCATION  PARAMETER 

WEIBULL  SCALE  PARAMETER 

WEIBULL  SHAPE  PARAMETER 


(7)  KSPC  =  SPECIES 


SUBROUTINE  PARMS( AGE ,H, ANT,A,B,C,KSPC ) 
DIMENSION  BETA(4,3,2),PRE(3) 


C BETA  COEFFICIENTS 

C— 1ST  DIMENSION  OF  ARRAY  IS  1  FOR  SLASH,  2  FOR  LOBLOLLY 

C 2ND  DIMENSION  OF  ARRAY  IS  1  FOR  PARAMETER  A,  2  FOR  A+B, 


3  FOR 

DATA  BETA/ 

1   1.3986 

2.5800 

9.1471 

0.13391 

2.14570 

2.69350 

DO  10  K=l,3 


2.9217 
10.1380 

6.5959 
-0.076245 

8.1415 

5.3594 


-1.1126 

-3.6275 

-2.4479 

-0.70442 

-4.13600 

-0.53123 


-1.8477 
-2.5005 
-7.6706 
2.3569 
2.1264 
-5.1274 


PARAMETERS  A,  A+B,  AND  C  ARE  COMPUTED  BELOW 


10  PRE(K)=BETA(1,K,KSPC)+BETA(2,K,KSPC)*AL0G10(H)+BETA(3,K,KSPC)*AL0G 
110(ANT)+BETA(4,K,KSPC)*AL0G10(AGE) 
IF  (PRE(2).LT.0.02)  PRE(2)=0.02 
IF  (PRE(3).LT.1.1)   PRE(3)=1.1 
A=PRE(1) 


IF  (A.LT.O.)  A=, 

B=PRE(2)-PRE(1) 

C=PRE(3) 

RETURN 

END 
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C*******  EVALUATES  THE  GAMMA  FUNCTION  (GENERALIZED  FACTORIAL)  OF  DN 
C 

FUNCTION  GAMMA(DN) 

DLGGM=0. 

IF  (DN)  90,90,91 
91  DTERM=0. 

DNX=DN 
7  IF  (DNX-20.)  11,10,10 
11  DTERM=DTERM+ALOG(DNX) 

DNX=DNX+1. 

GO  TO  7 
10  DLGGM=(DNX-.5)*AL0G(DNX)-DNX+1./(12.*DNX) 

1  -l./(36.El*DNX**3)+l./(1.26E3*DNX**5)-l./(1.68E3*DNX**7) 

2  +1./(1188.E1*DNX**9)-6.91E2/(36036.E1*DNX**11) 

3  +1./(1.56E2*DNX**13)+0.918938533204673-DTERM 
GAMMA=EXP(DLGGM) 

99  RETURN 

90  WRITE  (6,100)  DN 
100  FORMAT  (1H0,10X,57HARGUMENT  GIVEN  TO  GAMMA  FUNCTION  .LE.  ZERO,  ARG 
lUMENT  =   ,F15.8) 
GO  TO  99 
END 


C 

C 

c 

c 

C 


DIAMETER  AT  GIVEN  HEIGHT  ABOVE  GROUND  EITHER  OUTSIDE  OR 
INSIDE  BARK  DEPENDING  ON  ARGUMENTS  4,  5,  AND  6 


ARGUMENTS: 
(  1)  D  = 
(  2)  HT  = 


DBH  OB 

TOTAL  HEIGHT  OF  TREE 
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C (  3)  H   =  HEIGHT  ABOVE  GROUND 

C (  4)  ETA  =  PARAMETER  OF  LOWER  STEM  CURVE 

C (  5)  G   =  PARAMETERS  OF  BARK  RELATIONS  AT  4.5  FEET 

C (  G(1)=0,  G(2)=l  FOR  OB  DIAMETER) 

C (  6)  B   =  PARAMETERS  OF  UPPER  STEM  CURVE 

C 

FUNCTION  DIO(D.HT,H,ETA,G,B) 
DIMENSION  G(2),B(4) 
IF(H.GT.4.5)  GO  TO  10 
C 

C CALCULATE  DIAMETER  IF  TREE  HEIGHT  IS  BELOW  BREAST  HEIGHT 

C 

DI0=(G(1)+G(2)*D)*(H/4.5)**ETA  ^ 

RETURN 

C - 

C CALCULATE  DIAMETER  IF  TREE  HEIGHT  IS  ABOVE  BREAST  HEIGHT 

C- 

10  FD=G(1)+G(2)*D 

FHl=(HT-H)/(HT-4.5) 

FH2=(HT-H)*(H-4.5)/(HT*HT) 

FH3=FD*FH2 

FH4=FD*FH3 

FH5=(FH2*(HT+HT-H-4.5))/HT 

DI0=FD*FH1+B(1)*FH2+B(2)*FH3+B(3)*FH4+B(4)*FH5 

RETURN 

END 

C 

C*******  HEIGHT  TO  GIVEN  DIAMETER  EITHER  OUTSIDE  OR  INSIDE  BARK 

C DEPENDING  ON  ARGUMENTS  3-6 

C HEIGHT  IS  CALCULATED  BY  AN  ITERATIVE  PROCESS,  COMPUTING 

C DIAMETER  MIDWAY  BETWEEN  GRADUALLY  DECREASING  UPPER  AND 

C GRADUALLY  INCREASING  LOWER  HEIGHT  VALUES  UNTIL  THE  COMPUTED 

C --    DIAMETER  IS  FINALLY  VERY  CLOSE  TO  THE  GIVEN  DIAMETER 

C 

C ARGUMENTS: 

C (1)  D   =  DBH  OB 

C (2)  HT  =  TOTAL  HEIGHT  OF  TREE 

C (3)  GD  =  GIVEN  DIAMETER 

C -    (4)  ETA  =  PARAMETER  OF  LOWER  STEM  CURVE 

C- (5)  G   =  PARAMETERS  OF  BARK  RELATIONS  AT  4.5  FEET 

C (  G(1)=0,  G(2)=l  FOR  OB  DIAMETER) 

C (6)  B   =  PARAMETERS  OF  UPPER  STEM  CURVE 

C 

FUNCTION  HGD(D,HT,GD,ETA,G,B) 

DIMENSION  G(2),B(4) 

C 

C DETERMINE  WHETHER  GIVEN  DIAMETER  IS  ABOVE  OR  BELOW  BREAST  HEIGHT 

C 

DD=G(1)+G(2)*D 

IF(GD-DD)  20,80,10 

C 

C GIVEN  DIAMETER  IS  BELOW  BREAST  HEIGHT  HERE 

C — 

10  HU=4.5 

HL  =  0. 

GO  TO  30 
C 

C- -  GIVEN  DIAMETER  IS  ABOVE  BREAST  HEIGHT  HERE 

C 

20  HU=HT 
HL=4.5 

30  H=(HU-HL)/2.+HL 

C — 

C CALL  ROUTINE  TO  CALCULATE  DIAMETER  AT  A  GIVEN  HEIGHT 

C 

DB=DIO(D,HT,H,ETA,G,B) 

IF(ABS(DB-GD)-.05)  70,70,40 
40  IF(DB-GD)  50,50,60 
50  HU=H 

GO  TO  30 
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60  HL=H 

GO  TO  30 
70  HGD=H 

RETURN 
80  HGD=4.5 

RETURN 

END 

C 

C*******  VOLUME  BETWEEN  TWO  HEIGHTS  ABOVE  GROUND  EITHER  OUTSIDE 

C OR  INSIDE  BARK  DEPENDING  ON  ARGUMENTS  5,  6,  AND  7 

C 

C ARGUMENTS: 

C (  1)  D   =  DBH  OB 

C (  2)  HT  =  TOTAL  HEIGHT  OF  TREE 

C --  (  3)  HL  =  LOWER  HEIGHT  ABOVE  GROUND 

C (  4)  HU  =  UPPER  HEIGHT  ABOVE  GROUND 

C-- (  5)  ETA  =  PARAMETER  OF  LOWER  STEM  CURVE 

C (  6)  G   =  PARAMETERS  OF  BARK  RELATIONS  AT  4.5  FEET 

C (  G(1)=0,  G(2)  =  l  FOR  OB  VOLUME) 

C (  7)  B   =  PARAMETERS  OF  UPPER  STEM  CURVE 

C 

FUNCTION  VI06(D,HT,HL,HU,ETA,G,B) 

DIMENSION  G(2),B(4) 

VIOB=0. 

HNP=HU 

HNV-HL 

C-- 

C IF  UPPER  HEIGHT  IS  BELOW  BREAST  HEIGHT,  THEN  VOLUME  IS 

C- -    CALCULATED  FOR  LOWER  PORTION  OF  TREE 

C IF  LOWER  HEIGHT  IS  BELOW  BREAST  HEIGHT  AND  UPPER  HEIGHT  IS 

C ABOVE  BREAST  HEIGHT,  VOLUME  IS  CALCULATED  FOR  LOWER  PORTION, 

C THEN  ADDED  TO  UPPER  PORTION  VOLUME 

C  — 

IF(HU.LT.4.5)  GO  TO  10 

IF(HL.LT.4.5)  GO  TO  20 

C 

C CALCULATE  VOLUME  ABOVE  BREAST  HEIGHT 

C 

30  HTSQ=HT*HT 

HT45=HT-4.5 

HT3=HTSQ*HT 

DSQ=D*D 

DHT=D/HT 

D2HT=DSQ/HT 

DHT2=D/HTSQ 

D2HT2=DSQ/HTSQ 

R0=G(1)*HT/HT45+G(2)*HT*D/HT45-4.5*B(1)/HT-4.5*G(1)*B(2)/HT-4.5*G( 
12)*B(2)*DHT-4.5*G(1)*G(1)*B(3)/HT-9.*G(1)*G(2)*B(3)*DHT-4.5*6(2)*G 
2(2)*B(3)*D2HT-9.*B(4)/HT+20.25*B(4)/HTSQ 

R1--G(1)/HT45-G(2)*D/HT45+B(1)/HT+4.5*B(1)/HTSQ+G(1)*B(2)/HT+4.5*G 
l(l)*B(2)/HTSQ+G(2)*B(2)*DHT+4.5*G(2)*B(2)*DHT2+G(l)*G(l)*B(3)/HT+4 
2.5*G(1)*G(1)*B(3)/HTSQ+2.*G(1)*G(2)*B(3)*DHT+9.*G(1)*G(2)*B(3)*DHT 
32+G(2)*G(2)*B(3)*D2HT+4.5*G(2)*G(2)*B(3)*D2HT2+2.*B(4)/HT+9.*B(4)/ 
4HTSQ-20.25*B(4)/HT3 

R2=-(B(l)/HTSQ+G(l)*B(2)/HTSQ+G(2)*B(2)*DHT2+G(l)*G(l)*B(3)/HTSQ+2 
l.*G(l)*G(2)*B(3)*DHT2+G(2)*G(2)*B(3)*D2HT2+3.*B(4)/HTSQ) 

R3=B(4)/HT3 

HNP2=HNP*HNP 

HNP3=HNP*HNP2 

HNP4=HNP*HNP3 

HNP5=HNP*HNP4 

HNP6=HNP*HNP5 

HNP7=HNP*HNP6 

HNV2=HNV*HNV 

HNV3-=HNV*HNV2 

HNV4=HNV*HNV3 

HNV5=HNV*HNV4 

HNV6=HNV*HNV5 

HNV7=HNV*HNV6 

VI0B=5.4541538E-3*(R0*R0*(HNP-HNV)+R0*R1*{HNP2-HNV2)+(R1*R1+2.*R0* 
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lR2)/3.*(HNP3-HNV3)+(R0*R3+Rl*R2)/2.*(HNP4-HNV4)+(R2*R2+2.*Rl*R3)/5 
2.*(HNP5-HNV5)+(R2*R3)/3.*(HNP6-HNV6)+(R3*R3)/7.*(HNP7-HNV7))+VI0B 
RETURN 

C 

C CALCULATE  VOLUME  OF  TREE  BELOW  BREAST  HEIGHT  ONLY 

C 

10  VI0B=.00545415*(G(1)+G(2)*D)**2/(4.5**(2.*ETA)*(2.*ETA+1.))*(HNP 
1**(2.*ETA+1.)-HNV**(2.*ETA+1.)) 

RETURN 

C 

C— CALCULATE  VOLUME  OF  TREE  BELOW  BREAST  HEIGHT  AND  TRANSFER  TO 

C UPPER  VOLUME  COMPUTATION 

C 

20  HNP=4.5 

VI0B=.00545415*(G(1)+G(2)*D)**2/(4.5**(2.*ETA)*(2.*ETA+1.))*(HNP 
1** ( 2 .*ETA+1 . ) -HNV** { 2 .*ETA+1 . ) ) 

HNV=4.5 

HNP=HU 

GO  TO  30 

END 

C 

C*******  DIAMETER  DISTRIBUTION 

C 

C ARGUMENTS: 

C (1)  AGE   =  AGE  OF  TREES 

C (2)  H     =  AVERAGE  HEIGHT  OF  DOMS  AND  CODOMS 

C (3)  IDST  =  DIAMETER  DISTRIBUTION 

C (4)  DMAX  =  LARGEST  DIAMETER  CLASS  COMPUTED  VALUE 

C (5)  ANNOW  =  NUMBER  STEMS  SURVIVING 

C (6)  A     =  WEIBULL  LOCATION  PARAMETER 

C (7)  B     =  WEIBULL  SCALE  PARAMETER 

C (8)  C     =  WEIBULL  SHAPE  PARAMETER 

C (9)  KSPC  =  SPECIES 

C 

SUBROUTINE  DIADST( AGE, H, IDST, DMAX, ANNOW, A, B,C, KSPC) 

DIMENSION  AIDST(41),IDST(41) 

C 

C CALL  ROUTINE  TO  GENERATE  WEIBULL  ESTIMATES 

C 

CALL  PARMS( AGE, H, ANNOW, A, B,C, KSPC) 

CUM=0.0 

NN0W=ANN0W+.5 

ICUM=0 

MODE=0 

C 

C COMPUTE  DIAMETER  DISTRIBUTION 

C 

DO  11  1=1,41 

X=FL0AT(I)+.5 

AIDST(I)=0 

IF(ABS(CUM-ANN0W)-.001)1,3,3 

3  IF(X-A)1,1,2 

2  AIDST(I)=(1.-EXP(-((X-A)/B)**C))*ANN0W-CUM 

CUM=CUM+AIDST(I) 
1  IDST(I)=AIDST(I)+.5 

ICUM=ICUM+IDST(I) 

IF(IDST(I)-M0DE)11,11,4 

4  K  =  I 
MODE=IDST(I) 

11  CONTINUE 
IDST(K)=IDST(K)+NNOW-ICUM 
DMAX=0. 

C 

C DETERMINE  LARGEST  DIAMETER  CLASS  HAVING  A  COMPUTED  VALUE 

C 

DO  34  J =1,40 

K=41-J 

ITWEN=AIDST(K)+.5 

IF(ITWEN.EQ.O)  GO  TO  34 

IF(DMAX)35,35,34 
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35  DMAX=K 
34  CONTINUE 

IDST(41)=NN0W 

RETURN 

END 

C 

C*****'**     MERCHANDIZER:   A   ROUTINE!  TO  CONVERT  USLYCOWG  YIELDS  IN  CUBIC 

C FEET  TO  STUMPAGE   VOLUMES  IN  OTHER  UNITS 

C 

C ARGUMENTS: 

C (1)   D  =  DBH  OB 

C (2)   HT  =  TOTAL  HEIGHT  OF  TREE 

C IS)   ICRG  =  CROWN  RATIO  GROUP ^ 

C (4)  KSPCE       =  SPECIES,    2=SLASH,    2=L0BL0LLY 

C (5)   STUMPG(D,1)   =  PULPWOOD  STUMPAGE   VOLUME/TREE   (CUBIC  FT  IB) 

C STUMPG(D,2)  =  CHIP'N'SAW  STUMPAGE   VOLUME/TREE   (CUBIC  FT  IB) 

C STUMPG(D,3)   =  SAWTIMBER   VOLUME/TREE   (CUNITS  IB) 

C STUMPG(D,4)  =  SAWTIMBER   VOLUME/ TREE   (BOARD  FEET  DOYLE) 

C STUMPG(D,5)   =  SAWTIMBER   VOLUME/TREE   (BOARD  FEET  INT 'L  1/4") 

C STUMPG(D,6)  =  SAWTIMBER   VOLUME/TREE   (BOARD  FEET  SCRIBNER  DEC.C. 

C (6)   CONV(l)   =  FUEL  CHIP  CONVERSION  FACTOR   (CUBIC  FEET  TO  TONS) 

C C0NV(2)   =  PULPWOOD  CONVERSION  FACTOR    (CUBIC  FEET  TO  CORDS  OR 

C OR  TONS,    DEPENDING  ON  IRULE) 

C C0NV(3)   =  CHIP'N'SAW  CONVERSION  FACTOR    (CUBIC  FEET  TO  CORDS  OR 

C OR  TONS,    DEPENDING  ON  IRULE) 

C C0NV(4)  =  SAWTIMBER  CONVERSION  FACTOR    (CUBIC  FEET  TO  TONS, 

C USED  ONLY  WHEN  IRULE  =  -2) 

C (?)   IRULE       =  SAWTIMBER   VOLUME  RULE    (-2,    WEIGHT  SCALE;   -1,    CUNITS; 

C (0,    DOYLE;    +1,    INT 'L  1/4  INCH;    +2,    SCRIBNER  DEC.    C) 

C (8)   PULPMN     =  MINIMUM  PULPWOOD  DIAMETER,    IB 

C (9)   PULPMX     =  MAXIMUM  PULPWOOD   (MINIMUM  CHIP 'N 'SAW)   DIAMETER,    IB 

C (10)   SAWTBR     =  MINIMUM  SAWTIMBER    (MAXIMUM  CHIP'N'SAW)    DIAMETER,    IB 

C 

SUBROUTINE  MRCHDZ(D,  HT,  ICRG,  KSPCE,  STUMPG,  CONV,  IRULE,  PULPMN, 
1  PULPMX,  SAWTBR) 

C 

C ARRAY  B   CONTAINS  BETA   COEFFICIENTS  FOR  INSIDE  BARK  EQNS 

C ETA   HOLDS  THE  INSIDE  BARK  ETA 

C ARRAY  G  CONTAINS  GAMMAS  FOR  INSIDE  BARK 

C 

DIMENSION  B(4),G(2),STUMPG(40,6),CONV(4) 

COMMON/  TA  PER/COEFFS  (2,14),  COEFSL  (3,14) 

ID=D 

DO   5  J =1,6 
5  STUMPG  (ID,  J)  =0.000 

IF(KSPCE.EQ.2)   GO  TO  20 

DO  10  J=l,4 
10  B(J)=C0EFSS(ICRG,7-hJ) 

ETA  =C0EFSS  (ICRG,  12) 

DO  2  5  J =6,  7 
lb  G  (J-5  )=COEFSS(ICRG,  7-hJ) 

GO  TO  28 
20  DO  22  J=l,4 
22  B(J)=COEFSL(ICRG,  7-hI ) 

ETA=COEFSL  (ICRG,  12) 

DO  24  J =6,  7 
24  G (J-5)=C0EFSL  (ICRG,  7-hJ) 

C 

C DIB  AT  THE  TOP  OF  THE  8-FOOT  BUTT  LOG  DETERMINES  INITIAL,  PRODUCT 

C IS  THE  BUTT  LOG  BIG  ENOUGH  FOR  SAWTIMBER?     IF  SO,    GO  TO  310. 

C IF  NOT,    IS  IT  BIG  ENOUGH  FOR  A   CHIP'N'SAW  LOG?  IF  SO,    GO  TO  320. 

C IF  NOT,    THE  ENTIRE  STEM  IS  PULPWOOD  AND  FUEL  CHIPS. 

C 

28  H=8.  75 

DIB=DIO  (D,  HT,  H,  ETA,  G,  B) 

IF ( DIB. GE. SAWTBR)    GO  TO  310 

IF ( DIB. GT. PULPMX)   TO  TO  320 

PBAZ=0.5 

GO  TO  331 
330  PBAZ=CBAZ 


Hlfi 
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c 

C CALCULATE  PULPWOOD  CUBIC  FOOT   VOLUME  AND  CONVERT  IT  TO  CORDS 

C 

2Z1   HITE=HGD(D,  HT,  PULPMN,  ETA,  G,  Bj 

STUMPG  (ID,  1  )=VIOB(D,  HT,  PBAZ,  HITE,  ETA,  G,  B) 
RETURN 

C CALCULATE  CHIP 'N 'SAW  CUBIC  FOOT  VOLUME  AND  CONVERT  IT  TO  CORDS 

C 

220  CBAZ=O.S 

221  HITE=HGD(D,  HT,  PULPMX,  ETA,  G,  B) 

IF(HITE-CBAZ-8.  25)320,  222,  222 
322  B0LT=2*(AINT( (HITE-CBAZ) /2) )  ' 

HU=CBAZ+BOLT 

STUMPG  (ID,  2)=VI0B(D,  HT,  CBAZ,  HU,  ETA,  G,  B) 

PBAZ=CBAZ+BOLT+0 .25 

GO  TO  231 

C 

C CALCULATE  SAWTIMBER   VOLUMES 

C 

31  0  HITE=HGD (D,  HT,  SAWTBR,  ETA,  G,  B) 

IF(HITE.LT.8.?5)    GO  TO  320 

B0LT=2 * (AINT (HITE/ 2 ) ) 

SBAZ=0.5 

31 1  STUMPG  (ID,  2)=VI0B(D,  HT,  SBAZ,  BOLT,  ETA,  G,  B) 
CBAZ=BOLT+0.  75 

IF(IRULE)   221,212,212 
212  IF(BOLT.GT.16.0)   GO  TO   212 

C 

C BOARD  FOOT  VOLUME  OF  THE  LAST  SAWTIMBER  BOLE  SECTION    (8   TO  16  FT) 

C 

H=BOLT+0.75 
21  5  DIB=DIO  (D,  HT,  H,  ETA,  G,  B) 

STUMPG  (ID,  4)=STUMPG  (ID,  4)+  (  (DIB-4  .)**2)  ''BOLT/1  6 
STUMPG  (ID,  5  )=STUMPG  (ID,  5  )+  ( (BOLT/1  6.)*  ((0.796  *DIB**2)  + 
1(1.375*DIB)-1.22)) 

STLMPGdD,  6  )=STll^PG  (ID,  6)+ (0.0494  *B0LT*DIB**2)- (0.124  *DIB*  BOLT  )- 
1 (0.269*BOLT) 
STUMPG  (ID,  6)=INT((STLMPG(ID,  6)/l  0 )+0  .  5)  *1  0 
CBAZ=H 
GO  TO  221 
C 

C BOARD  FOOT   VOLUMES  OF  16-FOOT  LOGS  PROGRESSING  UP  THE  BOLE 

C 

31 2  NLOGS=IFIX( (HITE-0 .5) /I  6.  25) 
DO   214  N=1,NL0GS 
SLOGS=FLOAT(N) 
H=0.5+(SLOGS*16.25) 
DIB=DIO (D,  HT,  H,  ETA,  G,  B) 

STUMPG  (ID,  4  )=STUMPG  (ID,  4  )+  (DIB-4.)  *  ''2 

STUMPGdD,  5)=STUMPG(ID,  5)+ ( (0 .  796*DIB)  **2 )-h  (1  .  275*DIB)-1 .  23 
214  STUMRUID,6)=STUMPG(ID,6)+(0.7904*DIB**2)-(1.984*DIB)-4.204 
B0LT=2*(AINT((HITE-H)/2)) 
H=H+BOLT 
GO  TO  315 
END 
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Appendix  B 

Sample  USLYCOWG  Output  With  MERCHANDIZER  Activated 


Output  from  three  runs  is  included.  The  first  two  batches  of  output 
show  sawtimber  volumes  in  board  feet  International  Quarter  Inch  Log 
Rule.  The  initial  run  did  not  activate  the  cull  option  feature,  the  second 
did.  The  third  batch  of  output  is  from  a  run  where  the  weight  scaling 
option  was  activated. 
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USLYCOWG  is  a  computer  model  that  estimates 
yields  in  cubic  feet  per  acre  from  unthinned  slash  and 
loblolly  pine  plantations  established  on  cutover  sites 
in  the  West  Gulf  states  (see  Research  Papers  SO-147 
and  SO-148).  A  series  of  computer  routines  called 
MERCHANDIZER  has  been  developed  that  convert 
USLYCOWG  yields  in  cubic  feet  to  tons  of  fuel  chips, 
cords  of  pulpwood  and  chip'n'saw  logs,  and  board  feet 
of  sawtimber,  or  weights  of  all  products  in  tons. 
Keywords:  Economics,  stumpage,  forest  products, 
volume  predictions,  volume  yield,  Pinus  taeda,  Pinus 
elliottii  var.  elliottii,  unthinned  plantation  yields,  Wei- 
bull  distribution,  taper  curves,  crown  ratio,  survival 
prediction,  problem-free  sites. 
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FOREWORD 

Wood  is  a  biological  material  that  is  subject  to  deterioration  from 
natural  elements  and  organisms.  To  counteract  the  deterioration,  wood  may  be 
treated  or  utilized  in  a  protective  manner.  But  wood  is  often  used  with  the 
knowledge  that  a  certain  amount  of  deterioration  will  occur  and  the  structure 
will  remain  functional.  Also,  when  one  type  of  wood  product  is  being  replaced 
with  another  wood  product,  for  instance,  plywood  replacing  solid  lumber,  con- 
cern is  expressed  about  the  durability  of  the  product  and  appropriate  evaluation 
techniques. 

During  the  1960's,  the  development  of  the  southern  pine  plywood  occurred 
and  the  product  durability,  particularly  the  bond  durability,  was  often  debated. 
Today,  a  group  of  structural  panels  is  being  proposed  to  be  utilized  in  roof, 
walls,  and  floor  sheathing  applications.  Panel  types  in  this  group  are  referred 
to  as  waferboards,  flakeboards,  strandboards,  OSB  (oriented  structural  boards), 
structural  particleboards,  etc.  Individual  companies  will  also  select  trade- 
names for  marketing  purposes  for  their  product.  In  general,  all  the  products 
are  manufactured  with  a  phenol-formaldehyde  resin  and  wood  particles  of  suffi- 
cient size  to  obtain  the  required  structural  properties.  A  large  percentage  of 
the  wood  particles  usually  has  a  length  to  thickness  ratio  greater  than  50  and 
often  greater  than  100.  Also  being  proposed  are  materials  with  a  combination 
of  veneer  and  wood  particles. 

The  development  of  these  structural  panels  has  taken  several  years  and  many 
individuals.  But,  durability  and  evaluation  techniques  are  still  a  major  concern 
of  the  industry,  scientists,  and  users.  For  certain  panel  types,  particularly 
those  utilizing  a  mixture  of  southern  hardwoods,  the  durability  of  the  proposed 
panel  has  delayed  the  industrial  expansion. 

Therefore,  the  Southern  Forest  Experiment  Station  proposed  a  Workshop 
on  the  durability  of  structural  panels.  Auburn  University  scientists  had 
worked  with  the  Forest  Service  scientists  in  developing  an  understanding 
of  dimensional  stability  and  were  invited  to  assist  in  sponsoring  the  Workshop. 
The  economic  situation  at  the  planned  meeting  dates,  October  5-7,  1982,  limited 
the  travel  of  several  individuals.  However,  the  meeting  was  attended  by  26 
Individuals,  22  papers  were  presented,  and  20  papers  included  in  the  Proceedings. 
The  Workshop  concluded  with  a  half-day  discussion  on  the  research  needs.  A 
summary  of  this  discussion  Is  given  as  the  final  presentation  of  the  Proceedings. 
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DURABILITY^/ 
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Otto  Suchsland 


Abstract. --After  an  examination  of  the  popular  concept 
of  durability,  the  relationship  between  product  cost  and 
product  durability  is  explored.  Most  wood  product  standards 
are  not  explicit  on  durability  or  service  life.  The  dura- 
bility of  parti cleboard  is  believed  to  be  limited  by  swel- 
ling stresses  that  may  lead  to  permanent  strength  reduction. 


DEFINITION  AND  POPULAR  CONCEPTS  OF  DURABILITY 

Many  a  speech  has  been  launched  in  the 
iroper  direction  with  a  quotation  from  Webster's 
lictionary.  Webster's  definition  of  durability, 
lowever,  is  so  general  that  it  becomes  ambiguous, 
larticularly  when  applied  to  man-made  materials 
nd  structures: 

"Durability  is  the  ability  to  exist 
for  a  long  time  with  retention  of 
original  qualities,  abilities,  or 
capabil i ties. " 

Taken  literally,  it  doesn't  seem  to  apply  to 
nything,  because  almost  nothing  retains  its 
riginal  quality  for  a  long  period  of  time. 

Even  if  we  allow  that  Webster  may  have  meant 
aximum  retention  of  original  qualities;  we  will 
ave  to  deal  with  the  term  'a  long  time'  (fig. 


If  an  astronomer  would  declare  that,  based 
newest  scientific  evidence,  the  level  of  life 

Listaining  solar  heat  radiation  was  diminishing 
a  much  faster  rate  than  had  previously  been 

nticipated,  some  of  us  might  feel  a  little  un- 

asy. 

With  regard  to  the  durability  of  solar 

idiation,  our  concept  of  'a  long  time'  is  that 

f  a  very  long  time,  indeed,  preferably  exceed- 

bg  our  comprehension. 

If,  on  the  other  hand,  an  automobile  muffler 
ists  for  three  or  four  years  (in  Michigan),  we 
jnsider  that  a  fairly  good  durability  record. 

We  have  different  durability  expectations 
r  different  products: 


VPaper  presented  at  Workshop  on  Durability, 
^nsacola,  FL,  October  5-7,  1982. 

2^/Professor,  Department  of  Forestry,  Michi- 
n  State  University,  East  Lansing,  MI. 


Cathedrals,  national  monuments; 

Highway,  automobiles,  boats; 

Houses; 

Books; 

Photographic  prints. 

Many  other  products  we  discard  long  before 
they  have  lost  a  significant  part  of  their 
original  qualities  (fashion,  technical  obsoles- 
cence) . 

The  success  of  a  product  in  existing  while 
retaining  its  original  properties  and  qualities 
depends  of  course  on  the  environment. 

This  environment  could  be  the  earth's 
atmosphere  with  its  varying  physical  and  biologi- 
cal conditions  or  it  could  be  an  artificial 
environment  like  the  interior  of  a  combustion 
engine  or  the  interior  of  a  chemical  reactor 
vessel.  In  many  cases,  this  environment  is 
predictable  or  stable,  in  others  it  is  not.  For 
instance,  the  Acropolis  was  built  for  eternity. 
It  had  no  trouble  maintaining  its  original  qual- 
ity during  the  first  2000  years.  Now,  it  is 
being  threatened  by  air  pollution  caused  by  auto- 
mobile emission. 

DURABILITY  AND  COST 

When  we  talk  about  durability,  we  normally 
mean  future  durability,  not  past  durability.  We 
are  interested  in  predicting  durability,  or  in 
terms  of  Webster's  definition,  in  predicting  the 
'quality  -  time'  curve.  To  be  able  to  predict 
durability  requires  either  patience  or  test  pro- 
cedures that  accelerate  at  a  known  rate  the 
effect  of  the  environment  on  product  quality. 
Once  a  'quality  -  time'  curve  has  been  estab- 
lished, we  can  often  control  durability  meaning- 
fully (fig.  2).  If  the  length  of  time  during 
which  the  quality  of  a  product  is  acceptable  is 
too  short  for  various  reasons,  we  can  either 
raise  the  original  quality  level  or  modify  the 
product  characteristics  in  such  a  way  that  the 
rate  of  deterioration  is  reduced. 


Such  modifications  normally  are  associated 
with  additional  manufacturing  costs.  In  those 
cases  predictability  must  be  accurate  in  order 
to  allow  an  evaluation  of  the  trade-offs.  Exam- 
ples of  this  process  are  automobile  tires  and 
batteries.  This  is  a  delicate  field  and  involves 
guarantees  and  monetary  compensation  for  pre- 
mature failure. 

The  durability  of  a  system  is  often  limited 
by  the  durability  of  one  of  its  elements  (fig. 
3).  If  the  weak  link  can  readily  be  replaced, 
the  durability  of  the  system  can  be  greatly  . 
increased.  The  cost  of  replacements  of  the 
elements  must  be  weighed  against  the  cost  of 
using  superior  elements  with  greater  durability 
to  begin  wi  th. 

THE  DURABILITY  OF  WOOD  STRUCTURES  (HOUSES) 

Life  expectancy  of  houses  differs  greatly 
in  different  parts  of  the  world  and  at  different 
times.  This  tied  to  social  customs,  traditions, 
mobility,  etc. 

In  this  country  we  have  a  relatively  low 
expectancy  for  homes  certainly  not  much  in  excess 
of  100  years.  We  are  therefore  willing  to  incor- 
porate materials  which  might  be  considered  less 
than  permanent  and  in  another  time  or  at  a 
different  location  might  have  been  or  might  be 
called  entirely  unsuitable. 

The  house  may  be  considered  a  system  of 
components  with  different  durabilities  or  dif- 
ferent durability  requirements: 

Basement  and  foundations  are  expected 
to  be  most  durable  because  they  are 
difficult  to  replace  and  their  failure 
would  jeopardize  the  entire  system. 

The  roof  normally  has  a  limited  life. 
It  is  easy  to  replace.  More  durable 
options  are   available  (tiles)  but 
require  stronger  structural  members 
for  support  of  the  greater  weight  and 
therefore  are  more  costly. 

Structural  members  (studs,  joists, 
trusses,  etc. )  are  actually  over- 
designed  to  allow  for  known  time 
factors.  Normally  indefinite  ser- 
vice is  assumed. 

Plywood  panels.  Standards  are   not 
explicit  on  durability  or  service 
life.  However,  extensive  service 
records  are  available.  Under  con- 
ditions of  appropriately  limited 
exposure,  indefinite  service  is 
assumed.  The  distinction  between 
'interior'  and  'exterior'  types  is 
not  directly  related  to  durability. 

Particleboard  panels.  Standards 
are  not  explicit  on  durability  or 
service  life.  Experience  is  limited. 


The  use  of  'exterior'  resins  does 
not  necessarily  impart  the  same 
resistance  to  moisture  as  it  does 
in  the  case  of  plywood. 

Fiberboard  (siding).  Well  devel- 
oped accelerated  testing  procedures 
and  records  are  available.  Many 
products  are  guaranteed  in  terms  of 
service  life  (15  years).  Real  ser- 
vice expectation  is  probably  consid- 
erably longer.  Fiberboard  siding 
appears  to  be  a  truly  exterior 
product. 

DURABILITY  OF  PARTICLEBOARD 

Among  the  reasons  for  the  absence  of  e>'i 
cit  life  expectancies  or  guarantees  are  the$ ; 

-  Great  variety  of  products  in  terms 
of  densities,  species,  construction, 
resin  types,  resin  contents,  etc. 

-  Constant  technological  change  and 
improvements  of  particleboard 
design  and  manufacturing  methods. 

-  Uncertainty  as  to  minimum  engi- 
neering requirements. 

-  Relatively  few  long  range  expo- 
sure test  results. 


One  of  the  few  long  range  exposure  tes' 
suits  has  been  reported  by  a  British  resean  i;r, 
(J.  M.  Dinwoodie.  Today's  adhesives:  their  fpp 
erties  and  performance.  First  International! 
Particleboard  Symposium,  Hamburg  1978.  Pro-;; 
ceedings:  Particleboard  -  Today  and  Tomorrov { 
Figure  4  illustrates  some  of  these  results.  ( 
continuous  decline  of  this  particular  propet'l 
regardless  of  the  resin  type  is  remarkable  er 
alarming.  Dinwoodie  formulates  these  concli5'3(i 


"It  is  now  beginning  to  look  as  if  none 
of  the  resin  bonded  particleboards  are 
suitable  for  long  term  external  con- 
ditions such  as  wall  cladding  ...." 
"....  it  is  very  doubtful  if  high 
external  performance  of  any  particle- 
board, with  the  possible  exception 
of  cement  bonded  boards,  can  be 
guaranteed  for  a  long  period  of  time." 

These  are  certainly  important  conclusicr 
which  should  inject  a  shot  of  caution  into  c 
efforts  of  replacing  exterior  plywood  with 
structural  particleboard. 

There  is  in  the  literature  nc  clear  stctj 
ment  with  regard  to  the  exact  mechanics  of  ihi! 
strength  reductions.  They  are,  no  doubt,  th 
result  of  a  complex  combination  of  many  fad 
and  interactions. 


The  swelling  and  shri 
wever,  due  to  moisture  u 
rticular  the  cyclic  mois 
perienced  during  exterio 
ghly  on  the  list  of  such 
d  6  illustrate  the  conse 
onal  changes.  Both  late 
ailing  of  the  particles 
ue  line  stresses  particu 
come  brittle  with  age. 


nkage  of  the  particles, 
ptake  and  loss,  in 
ture  content  changes 
r  exposure,  must  rank 

factors.   Figures  5 
quences  of  such  dimen- 
ral  and  thickness 
are   likely  to  result  in 
larly  when  glue  1 ines 


It  is  clear  that  the 
e  must  have  an  important 
elling  stresses.  Smalle 
jre  uniform  particle  dist 

rlaps  and  therefore  in 
presses.  Fiber  furnishes 
of eif/antages  here. 


geometry  of  the  parti - 

effect  on  these 
r  particles  result  in 
ribution  and  narrower 
reduced  swelling 

may  have  certain 


I  am  sure  that  my  highly  qualified  fellow 
speakers  will  further  elucidate  this  subject.  I 
shall , therefore,  at  this  time  beat  a  quick 
retreat  into  the  shadows  of  the  back  rows...  which 
brings  me  to  the  wood  stove  (fig.  7): 

This  picture  can  make  a  philosopher  of 
you.  Just  imagine  that  you  are  sitting 
in  front  of  a  stove  like  this,  in  a 
cabin  in  northern  Michigan,  at  25 
degrees  below  zero,  contemplating  the 
»stove's  durability. 
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ure  1. --Quality  -  time  curves  illustrating  con- 
ept  of  durabil i ty. 


Figure  2. --Quality  -  time  curves  showing  various 
modifications  of  durability. 
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Figure  3. --Durabil ity  of  system  consisting  of  elements 
with  different  durabilities. 
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Figure  4. --Internal    bond  of  various   particle- 
board  types  as  function  of  exposure  time. 

C  =  Cement  binder 

TF  =  Tannin  -  formaldehyde  binder 

MF/UF  =  Melamine-  and  urea-formaldehyde  binder 

PF  =  Phenol-formaldehyde  binder 

W  =  Waferboard 

TPF  =  Tannin-phenol-formaldehyde  binder 

SL  =  Sulphite  liquor  binder 

UF  =  Urea-formaldehyde  binder 


Figure  5. --Illustration  of  stresses  due  to 
swelling  and  shrinkage  in  the  plane  of  the 
board  of  particles. 
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Figure  6. --Illustration  of  stresses  due  to 
swelling  and  shrinkage  perpendicular  to  the 
plane  of  the  board  of  particles. 


Figure  7. --The  "wood"  stove 
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DURABILITY   PROBLEMS  ASSOCIATED   WITH  WOOD  CONSTkUCTIONly 
Don  Percivally 


Abstract. --A  few  examples  of  dural)fl  i'ty' ass'dcTaTecTVftli' 
wood  construction  are  presented.     Most  of  the  problC'iis  dis- 
cussed are  related  to  the  inattention  to  recoinmended  instruc- 
tions and  the  application  of  the  variou's  elements  of  the 
structure. 


INTRODUCTION 

Durability  problems  associated  with  wood 
onstruction  can  best  be  discussed  using  samples 
f  deterioration.     Unfortunately,  many  of  the 
ictorial    illustrations  presented  at  the  Workshop 
re  not  in  this  written  proceedings.      However, 
nyone  connected  with  wood  construction  will   have 
imilar  experiences,   and  need  only  refer  to  their 
iles  for  illustrations. 

Even  though  this  Workshop  is  primarily  con- 
erned  with  panel  or  reconstituted  wood  building 
roducts  durability,  general  problems  associated 
ith  light-frame  construction  will  be  discussed, 
his  includes  panel  products  and  the  framing 
laments. 

The  definition  of  durability  is  rather 
lusive  and  can  mean  many  things  to  many  people. 
!rom  personal   experiences  over  the  years,   dura- 
I'ility,   or  the  lack  thereof,   usually  means  a 
deterioration  of  an  element  of  the  structure 
iequiring  repair  or  replacement,   reattachment, 
jefinishing,  etc.,   at  some  given  period  earlier 
Identification  stamp. 

!han  expected.     Other  than  repainting  or  re- 
jinishing,   etc.,   a  consensus  might  be  interpreted 
js  expecting  the  structure  to  outlast  the  mort- 
jage.     Some  expect  the  house  to  last  forever 
hile  others  may  prefer  the  structure  to  last  ten 
ears  before  replacement. 

j       Most  problems   I  have  experience  with  are 
|irectly  related  to  (1)   the  physics  of  moisture 
nd  humidity  (Anderson  and  Sherwood  1974;   Small 
omes  Council    1975;   Sherwood  and  Hans  1979),   and 
2)   inattention  to   recommended  instructions  and 
pplication  of  the  various  elements  of  the 
tructure.     Generally,   the  importance  of  control- 
ling free  water  and  moisture  vapor  is  known.     How- 
iver  with  the  increasing  emphasis  on  energy  con- 
jervation  towards  tighter  construction  and  exten- 
iHve  use  of  insulation,   the  importance  of  control- 
ling the  moisture  becomes  paramount. 


r/Paper  presented  at  Workshop  on  Durability, 
gnsacola,  FL,   October  5-7,   1982. 
I        2^/Research  Professor  of  Wood  Technology  and 
fcilization.   Small   Homes  Council,   University  of 
llinois  at  Urbana-Champaign   ,  One  East  St.   Mary's 
)ad.  Champaign,   IL     61820. 


Sometimes,   even  when  contractors  or  builders 
try  to  follow  recommended  instructions  a  definite 
lack  of  continuity  between  the  product  manu- 
facturers and  users  exists.      Some  of  the   "newer" 
materials  used  in  light-frame  construction  in- 
crease the  need  for  additional   attention  to 
details  and  installation  instructions  and  speci- 
fications.    For  instance,   two  common  problems  are 
associated  with  caulking  and  treating  exposed 
areas.      Along  horizontal   joints,    some  form  of 
caulking  often  replaces   the  recommended  flashing 
(fig.    1).      If  the  caulking  shrinks  and  cracks 
over  time,   water  can  saturate  the  edges  and  dura- 
bility problems  occur.      Similarly,  but  not  neces- 
sarily with  panel   products,   soaking  the  cut  ends 
and  edges  of  pressure  treated  wood  with  the  recom- 
mended wood  preservative  is  rarely  done   (fig.    2). 
This  practice  requires  the  contractor  to  search 
for  the  treating  chemical   and  plan  for  an  appli- 
cation which  can  easily  be  "forgotten".     Using 
treated  wood  for  ground  contact  that  was  not 
treated  for  ground  contact  is  often  encountered. 
The  practice  may  have  resulted  from  the  contrac- 
tor's  "inability"   to  correctly  apply  the   infor- 
mation on  an  identification  stamp. 


As  mentioned  earlier,  many  of  the  problems 
associated  with  wood  construction  can  be  traced 
directly  to  poor  construction  practices  or  design. 
The  trend  to  place  the  house  close  to  the  ground, 
mainly  for  aesthetic  reasons,   places  the  sub- 
structure in  jeopardy.     For  instance,   a  slab  and 
crawl    space  type  house  construction  placed  close 
to  the  ground  places  the  wood  substructure  and 
siding  at  the  grade  line,   or  just  above  (fig.   3) 
Ground  moisture,   especially  if  the  grade  is 
running  toward  the  house  is  easily  accessible  to 
the  sill   plates  and  band  joists.     Then,   decay 
spores  start  to  germinate  and  grow  and  the  wood 
is  susceptible  to  serious  problems.     The  con- 
struction also  allows  the  lower  edges  of  wood 
siding  and  unprotected  edges  of  reconstituted 
panel   products  to  be  subjected  to  splashing  rain 
or  standing  snow  and  subsequent  deterioration. 

"Low"   foundations  also  reduce  the  function 
of  crawl    space  vents.      Rain  and  surface  ground 
water  enter  through  the  vents  and  collect   in  the 
crawl    space  area.     This  water  on  the  ground  cover 
eventually  evaporates  and  migrates  up  into  the 
house  and  is  absorbed  by  the  substructure  members. 


A  properly  installed  ground  cover  does  prevent 
crawl    space  moisture  from  moving  up  into  the 
structure,   but  water  on  the  cover  will   evaporate 
and  be  absorbed  by  the  wood  eleiTients.     Occur- 
rences of  joist  decay  have  also  been  observed 
where  paper  covered  insulation  has  been  fastened 
between  the  joists   (fig.   4),     This  practice 
definitely  restricts  moisture  movement  and  holds 
it  in  the  crawl    space  area.     Eventually,   the 
moisture  content  of  the  joists  is  raised  to  a 
dangerous  level.     Therefore,   recommendations  have 
been  to  insulate  the  foundation  walls  and/or 
provide  proper  crawl -space  ventilation. 

Grading  of   the  fill   around  the  foundation 
will   settle  over  time.      If  not  correctly  graded, 
the  settlement  will   cause  surface  water  to  drain 
toward  the  foundation.      Subsequent  regrading  to 
create  a  slope  away  from  the  foundation  will 
properly  drain  the  water.     However,   when  the 
house     is  already  too  close  to  grade,  building  up 
the  grade  for  proper  drainage  will   put  the  sub- 
structure and  siding  in  jeopardy  (fig.   5). 

Although  termite  shields  have  proven  to  be 
ineffective  as  a  barrier  to  subterranean  termite 
infestation,   the  shield  is  proving  to  be  an  ef- 
fective barrier  against  moisture  migration 
through   the  cavities  of  hollow  masonry  and  is  in 
direct  access  to  moisture  migration.      In  this 
case,   the  shield  functions  as  a  barrier. 

To  conserve  energy,   houses  are  being  built 
tighter  with  sill    sealers,   caulking,   more  pre- 
cision construction,   additional    insulation,   etc. 
Air  leakage  is  reduced  creating  an   increase  in 
vapor  pressure.     Provisions  must  be  made  to 
dissipate  this  vapor  from  inside  the  house.     From 
a   study  by  Wetterman   (1982),   uncontrolled  humid- 
ity in  a  house  can  lead  to  wood  moisture  related 
problems.     For  instance,   a  family  of  four  can 
But  an  average  2,000  square  foot  house  can 
safely  hold  only  5  to  7  pints  of  moisture  laden 
air  before  it  migrates  to  areas  of  less  pressure. 
Unless     dissipated  by  dehumidifi cation  equipment, 
air  leakage  or  controlled  ventilation,   the  vapor 
pressure  will    increase  and  moisture  will   enter 
the  walls  and  ceiling.     The  excessive  moisture 
can  dampen  the  insulation  of  the  framing  lumber 
and  eventually  migrate  to  the  sheathing  and 
siding.      Installation  of  an  effective  vapor 
barrier  and  controlled  ventilation  is  essential. 
The  vapor  barrier  should  always  be  placed  on  the 
warm  side  of  the  wall,   that  is,  between  the 
insulation  and  the  interior  finish  covering  such 
as  drywall   gypsum  board  or  plaster. 

Control   of  interior  vapor  is  especially 
important  for  homes  covered  with  reconstituted 
board  sidings.     Most  of  these  products  are  more 
vapor  impermeable  than  the  common  resawn  sidings. 
Condensed  vapor,  which  has  escaped  through  the 
walls,  can  be  absorbed  and  held  longer  in  the 
paneled  siding.     This  can  result  in  extractives 
bleeding  through  the  finishes.     General    recom- 
mendations include  (1)   finishing  the  edges  and 
ends  of  all  wood  siding  materials,   (2)   the  final 


finishes  being  compatible  with  the  primer  coats,     .,»;««< 
and  (3)   vertical   joints  properly  caulked  and  ' 

covered  with  batten  strips.  Unfortunately,  thesi 
finishing  recommendations  are  not  always  met  be-  ,..^^, 
cause  the  painter  usually  appears  after  the  car-  ,  ,.,jj' 
penter  has  left  the  job.  Also,  the  instructions  .'jLr 
for  application  and  finishing  are  usually  lost  ',„,;.' 
during  construction;  consequently,  the  recommend- 
ations are  not  always  followed. 

A  controversy  exists  on  whether  or  not  to 
install   a  vapor  barrier  in  the  ceiling,   however, 
the  same  law  of  physics  affects  moisture  migratici 
in  the  ceiling.     That  is,  vapor  pressure  migrate; 
to  areas  of  less  pressure  and  without  a  ceiling 
vapor  barrier,   the  vapor  can  migrate  to  the  attic     . 
In  addition,   a  loose  fitting  or  improperly  in-^     j  p 
stalled  attic  access  opening  is  an  easy  path  of      '  w 
escape  for  vapor.     Again,  controlling  living  areeji    prj 
vapor  pressure  is  essential   to  prevent  buildup      bmj, 
of  moisture  in  the  attic.     Other  problems  can  be 
caused  in  the  attic  with  heavy  applications  of 
attic  insulation  closing  off  the  soffitt  vents.         ,.- 
Colder  surfaces  of  the  roof  framing  and  sheathinc     p,,,. 
will   cause  vapor  to  condense  on  the  surfaces  and'd 
eventually  be  absorbed  by  the  wood  materials    uniiil 
less  adequate  ventilation  is  functioning  cor- 
rectly.    This  pick  up  of  moisture  by  the  wood 
framing  along  with  the  ceiling  being  absorbed  byi)l 
the  attic  moisture  and  lower  chords  of  trusses  ordf 
lower  portion  of  ceiling  joists  can  sometimes 
lead  to  phenomenon  known  as  ceiling- floor 
partition  separation  (CFPS)    (Percival,   Suddarth,  ij 
and  Comus  1982).     This  is  not  usually  considered ■< 
a  durability  problem,   per  se,   but  some  homeownerjiii 
consider  it  a  fault  in  the  construction.     Addi-     I 
tional    information  about  CFPS  is  detailed  in  otheli 
reports   (Percival   and  Comus  1982;   Percival, 
Suddarth,  and  Comus  1982). 


Low  slope  roofs  have  also  led  to  deterior- 
cially  with  wood  shakes  and  shingles   (fig.   6). 
The  low  slope  slows  down  drainage  allowing 
moisture  backup  in  the  shingles  and  deterioration 
to  occur  in  less  than  expected  longevity.     How- 
ever,  properly  sloped  wood  shingled  roofs  have 
lasted  many  years.     Other  types  of  shingles  have'( 
also  faced  deterioration  problems  related  to 
construction  or  insulation.     For  instance, 
asphalt  shingles  have  shown  early  signs  of 
deterioration  with  insulation  installed  between 
the  rafters  or  the  top  chords  or  trusses. 

Deterioration  or  lack  of  durability  of  wood  i 
products  in  light-frame  construction  are  general- 
ly not  considered  a  common  problem.     But,   in  most' 
areas  of  the  country  and  with  questionable  con- 
struction practices,  deterioration  examples  are 
found.     For  wood  deterioration  problems  that  do 
occur,   the  fault  can  usually  be  traced  to  a  lack  • 
of  communication  and  understanding  about  the 
product,   about  its  recommended  application  and 
end-use  environment.      Secondly,   for  house  con- 
struction,  generally  the  builder  has  the  responsi 
bility  for  seeing  that  the  product  specifications 
are  understood  and  followed.     Therefore,   the 
house  can  end  up  as  a  finished  product  with  built 
in  problems  about  to  happen. 


The  recommendation   for  more  codes  or  regu- 
itions  is  not  implied  in  the  previous  comments. 
)pefully,   these  comments  will    inspire  all 
Tdivi duals  concerned  with  wood  products  used 
1  house  or   light-frame  construction  to  be  con- 
irned  with  the  completed  structure,   not  just 
leir  particular  product.      The  homeowner  does 
)t  really  care  who  is  at  fault  when  the  siding 
?teriorated  or  his  back   porch  decayed,   only 
lat  they  failed.      He  assumes  that  someone  in 
le  construction  process  has  consulted  the  speci- 
cations  and  the  job  was  properly  performed. 
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Figure  1.— Caulking  incorrectly  used  instead  of  the  recommended  flashing. 


Figure  2. --Cut  end  of  a  treated  timber  not  soaked 
prior  to  application. 


Figure  3.--A  slope  and  crawl-space  type  house 
construction  placed  close  to  the  ground 
allowing  ground  moisture  accessibility  to 
the  wood  substructure  and  siding. 


Figure  5. --The  qrade  around  the  house  improoerly  sloped. 


Figure  6. --Low  slope  roof  allowing  deterioration  to  occur  in  less  than  expected  longevity. 
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ACCELERATED  AGING  OF  WOOD-BASED  PANEL  PRODUCTS: 
A  REVIEW  AND  COMMENTARY-^ 


Robert  H.  Gillespie- 


2/ 


Abstract. --The  purpose  of  this  report  is  to  review  how 
accelerated-aging  procedures  were  developed  to  evaluate  the 
durability  potential  of  wood-based  materials.  It  traces  the 
development  of  accelerated-aging  back  to  concerns  about 
paper  for  library  or  archival  storage  and  includes  the  pro- 
cedures subsequently  developed  for  wood,  adhesives,  plywood, 
particleboard,  flakeboard,  and  other  wood-based  panel 
products.  Viewing  these  procedures  in  the  perspective 
intended  by  the  original  investigators  should  lead  to  a 
better  understanding  about  their  use  and  the  information 
they  provide  and,  thereby,  guide  and  stimulate  further 
developments  in  this  area  of  research. 


INTRODUCTION 

Our  more  durable  materials  will  survive 
!ai  of  natural  weathering  of  the  most  severe 
ir'ty.  But  the  length  of  time  required  to 
it  about  substantial  change  in  physical  proper- 
en'n  these  materials  is  often  longer  than  many 
ivctigators  can  devote  to  such  evaluations.  At 
le  resent  time  it  must  be  recognized  that  there 
'   r,  alternative  to  using  accelerated-aging 
ecments  to  evaluate  a  wood  product's  potential 
ircjility.  What  is  most  needed  is  a  better 
idctstanding  of  the  procedures  we  now  use  and  a 
llngness  to  continue  the  development  of  new 
id  mproved  methods  based  as  much  as  possible  on 
lur  scientific  principles. 

This  report  is  an  effort  to  correct  some  of 
e  isunderstandings  that  prevail  about  durability 
alations,  by  tracing  the  historical  development 
s,Tie  pertinent  procedures,  by  defining  purposes 
rheir  development  and  their  relationship  to 
rfrmance  classes,  and  by  discussing  different 
ilsophies  of  approach.  Durability  evaluations 
rtnent  to  wood-based  panels  involve  different 
hefives,  different  forms  of  wood  elements 
mbped  in  many  different  ways,  and  different 
odgpecies. 

Fhe  accelerated-aging  procedures  for  this 
de^^ariety  of  wood-based  composites  will  be 
esTted  in  the  chronological  order  of  their 
veopment.  While  the  emphasis  may  be  on 


1/  Paper  presented  at  Workshop  on  Durability, 
nstola,  FL.   October  5-7,  1982. 

{/   Author  is  a  Supervisory  Research  Chemist 
t5  Forest  Products  Laboratory,  Forest  Service, 
S. department  of  Agriculture,  Madison,  WI. 
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historical  significance  of  these  developments, 
different  philosophies  of  approach,  the  purpose 
for  their  development,  or  their  interrelationship 
to  other  procedures  are  interwoven  throughout  the 
report. 

The  purpose  of  accelerated  aging  is  to 
evaluate  a  material  or  portion  of  a  structure  for 
its  durability,  serviceability,  or  long-term 
performance.  These  three  terms  all  imply  a 
design  requirement  being  met  or  exceeded  for  a 
specified  period  in  a  particular  service  environ- 
ment. Accelerated  aging,  therefore,  becomes  the 
means  for  generating  information  about  durability-- 
the  capability  of  maintaining  the  serviceability 
of  a  product,  component,  assembly,  or  construction 
over  a  specified  time  (ASTM  E  632). 

The  mere  mention  of  accelerated  aging  raises 
images  of  doubt  and  cynicism  in  the  minds  of  some 
investigators,  and  at  least  cause  for  concern  in 
others.  This  is  understandable,  for  accelerated 
aging  most  often  means  treatments  that  are  more 
rugged  than  found  in  service  environments.  These 
treatments  are  considered  by  some  investigators 
to  be  unrealistic  and,  consequently,  inappropriate. 
Accelerated  aging  also  often  means  short-term 
data  collection  with  mathematical  manipulation 
for  long-term  prediction--a  process  some  investi- 
gators feel  is  no  more  justified  than  gazing  into 
a  crystal  bal 1 . 

However,  the  investigators  who  initiated  and 
refined  the  early  accelerated-aging  procedures 
were  concerned  about  these  same  problems.  They 
considered  the  appropriateness  of  different 
procedures  and  different  alternatives  and  recog- 
nized the  limitations  and  applicability  of  various 
treatments.  Consequently,  a  review  of  develop- 
ments in  accelerated  aging  should  be  beneficial 
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toward  establishing  an  improved  perspective  and 
understanding.  This  should  then  form  a  firm 
foundation  for  further  development  and  stimulate 
productive  research  in  this  field. 


ACCELERATED  AGING  VS.  NATURAL  WEATHERING 

Ideally,  an  accelerated-aging  procedure 
should  evaluate  a  material  during  1  to  2  months 
testing  and  provide  results  that  would  translate 
into  accurate  predictions  of  its  behavior  in 
natural  weathering,  as  in  some  service  environ- 
ments. This  ideal  situation  is  seldom,  if  ever, 
achieved  for  a  variety  of  reasons. 

First  among  the  many  problems  associated 
with  correlations  of  this  type  is  the  lack  of  any 
definition  or  standard  for  weathering.  Investi- 
gators spend  much  time  and  effort  developing 
accelerated-aging  procedures,  carefully 
controlling  exposure  conditions,  attempting  to 
reduce  variability  in  material  response  and, 
finally,  establish  a  standard  procedure.  The 
investigators  then  ask  questions  such  as,  "If  a 
material  loses  25  percent  strength  during 
10  cycles  of  this  standard  accelerated-aging 
procedure,  how  long  would  it  last  during  natural 
weathering?"  This  would  seem  to  be  a  logical  and 
reasonable  question,  except  for  the  fact  that 
natural  weathering  cannot  represent  a  single, 
well  controlled,  and  repeatable  set  of  exposure 
conditions. 

Seldom,  if  ever,  is  a  weathering  exposure 
defined  in  terms  of  climate  variables  which  would 
include  the  extremes,  the  means,  and  the  frequency 
of  departure  from  the  means  of  temperature,  wind 
velocity,  precipitation,  moisture  condensation, 
solar  radiation,  etc.  Climates  are  highly 
variable,  totally  uncontrollable,  and  seldom 
predictable.  Efforts  to  correlate  the  effects  of 
accelerated  aging  with  those  caused  by  exposure 
to  one  set  of  climate  conditions  hardly  seem 
worthwhile  in  view  of  the  elusive  character  of 
the  weathering  experience. 

There  are  problems  not  only  with  variable 
climates  but  also  with  the  manner  in  which 
materials  are  exposed  to  weathering.  For  example, 
small  panels  or  specimens  are  exposed  without 
finish  or  protection  to  maximize  the  amount  of 
solar  radiation  impacting  the  surface.  Most 
experiments  with  weather  exposure  are  designed  to 
accelerate  the  effects  of  weathering,  not  to 
approximate  those  effects.  Thus,  the  conditions 
selected  do  not  represent  any  expected  service 
environment.  There  is  no  standard  way  of  exposing 
materials  to  the  elements  of  weathering.  Conse- 
quently, the  results  of  weathering  studies  cannot 
be  translated  into  performance  at  any  particular 
service  environment.  The  variability  among 
specimens  often  increases  during  weathering, 
which  precludes  any  statistical  evaluation  of  the 
significance  of  differences  noted.  Usually  about 
the  best  that  can  be  expected  is  that  any  patterns, 
trends,  or  rankings  that  develop  during  acceler- 
ated aging  also  take  place  when  the  same  materials 
are  exposed  to  natural  weathering. 


Another  problem  associated  with  correlation- 
between  accelerated  aging  and  natural  aging  is 
the  fact  that  strength  losses  for  many  materials 
during  natural  aging  are  not  always  continuous 
and  linear  with  time  of  exposure.  More  strength 
is  lost  during  summer  than  winter  in  northern 
climates  and  losses  may  slow  up  after  1  or  2  yea 
exposure.  For  example,  the  natural  weathering  o 
phenolic-bonded  flakeboards  has  shown  a  general 
pattern  of  rapid  loss  of  strength  and  stiffness 
during  the  first  year  or  two  of  exposure  with  a 
much  slower  rate  of  loss  in  subsequent  years 
(WCMA  1966,  1970;  Hann,  Black,  and  Blomquist 
1962,  1963;  Jokerst  1968;  and  Clad  and 
Schmidt-Hellerau  1965). 


Performance  Classes 


There  are  those  who  feel  tha 
performance  classes  of  wood  compo 
produced  and  the  products  differe 
sensitive  accelerated-aging  tests 
the  suggested  performance  classes 
the  intended  service  environment 
While  only  problems  associated  wi 
exterior-grade  products  will  be  c 
this  report,  it  is  important  that 
tion  for  this  restriction  be  made 


t  different 
sites  should  be 
ntiated  by 
.  Most  often 

are  based  upon' 
for  the  product 
th  evaluating 
onsidered  in 

the  justifica- 

clear. 


It  is  claimed  that  performance  classes  alloi 
different  materials  to  be  considered  and  permits 
them  to  be  combined  in  the  most  economical  way  t'l 
meet  certain  end-use  requirements.  The  argument' 
is  that  expensive  waterproof  adhesives  should  no; 
be  used  for  products  destined  for  mild  service 
environments,  since  this  not  only  increases  cost'.' 
but  inhibits  the  development  and  use  of  alterna- 
tive satisfactory  adhesives.  In  a  recent  confer- 
ence attended  by  investigators  recognized  as 
eminent  in  the  field  of  wood  composites  (Oliver 
1981),  four  different  durability  classes  were   j 
suggested:  (1)  Open  exterior,  (2)  protected    I 
exterior,  (3)  humid  interior,  and  (4)  dry  interiJ 


While  this  approach  to  new  product  develop- 
ment is  logical  and  laudable,  there  are  obstacle 
to  its  full  implementation,  and  arguments  agains 
it.  Practical  situations  must  be  considered. 
Cost  savings  resulting  from  the  use  of  a  less 
expensive  adhesive,  reduction  in  adhesive  spread 
or  inclusion  of  additional  fillers  and  extenders 
could  be  rapidly  eaten  up  by  additional  inventor 
costs,  quality  control  costs,  product  identifica 
tion  and  grade  stamp  costs,  shipping  and  marketi 
costs,  etc.  Misuse  during  shipping,  storage,  ar 
installation  would  increase  with  four  distinctly 
different  end-use  grades  to  be  readily  recognize 
even  after  cutting  so  that  all  material  becomes 
installed  where  intended.  No  provision  can  be 
made  for  accidental,  but  inappropriate,  exposure 
to  water  from  roof  or  plumbing  leaks,  or  moistur 
condensation  that  often  takes  place  even  under 
the  best  attention  to  construction  details. 
Because  of  these  problems,  it  is  almost  impossit 
to  define  the  micro-climates  that  would  charac- 
terize each  of  the  proposed  exposure  classifica- 
tions. Furthermore,  the  development  of  test 
procedures  that  could  be  used  to  distinguish 
between  product  classes,  including  the  developme 
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f  satisfactory  quality  control    tests  for  their 
anufacture,  appears  to  be  an  almost  insurmount- 
ble  problem  in  light  of  our  present  capabilities 
or  durability  assessment. 

Performance  classes,   based  only  upon  the 
rvice  environment  for  which  a  product  is 
tended,   represent  many  problems   to  the  user  of 
he  product.      In  contrast,   performance  classes, 
ised  upon  the  end-use  function  in  an  assembly, 
-e  more  readily  understood   by  the  user  of  the 
roducts.     A  performance  concept  that  combines 
jnctional    characteristics  with  service 
iivironments  has  been  developed  by  the  American 
iywood  Association   for  structural    panel    products 
')  be  used  as  wall,    floor,   and  roof  sheathing 
;;ountryman  1980).     The  essential   performance 
;tributes  of  sheathing  panels  were  identified  as 
ructural   capacity,   dimensional    stability,   and 
nd  durability.     A  series  of  tests   is  recommended 
r  measuring  the  mechanical    properties   important 
structural   capacity,   and  also  for  determining 
mensional    stability.     Bond  durability,  which   is 
lianned  for  three  levels--exterior,   intermediate, 
•  cjd  interior--will    be  measured  by  specific 
cicelerated-aging  tests.      In  all    likelihood 
tture  developments   in  wood- based  composites  will 
jphasize  multiple-criteria   for  end-use  perform- 
cjce.     They  will    probably  be  engineered  or  "tailor 
njde"  to  perform  a  specific  function   in  a  par- 
jitcular  service  situation. 

ti 

I        While  it  is   important  that  accelerated-aging 

,'ppcedures  are  developed  to  distinguish  between 

drferent  durability  levels,   this  report  will 

:  cicentrate  on  the  most  durable  situation--ful 1 

;,ej:erior  weatherabil  ity  without  protection. 

ft 

HISTORICAL  BACKGROUND 

The  accelerated-aging  procedures  to  evaluate 

durability  of  paper  and  fiber  building  boards 

resent  some  of  the  earliest  developments  of 

Jh  treatments.  A  review  of  the  historical 

].,b.jkground  surrounding  these  developments  and  how 

jl'tijy  evolved  into  present-day  methods  provides 

Jijight  into  the  purpose  for  each  development, 

1  tl 

a 


applicability  and  limitations  each  presents, 
the  need  for  further  developments. 


iS 

^jjj,  I    The  most  widely  used  accelerated-aging 
;.3t!cedures  for  evaluating  wood-based  panel 
Jrducts  in  the  United  States   is  that  described 

■;ir'ASTM  D  1037   (1981);   A-l.^^     This   standard 
,;,iiie|iod  of  evaluation  is  under  the  jurisdiction  of 
irt'ASlfl  Committee  D-7  on  wood  and  was  published 
igiiBitinally  in  1949.     The  accelerated-aging  proce- 
:or!ilLip  was  incorporated   in  the  original    standard. 
ite-ejis  (1956)   summarized  the  procedures  used  at 
posit'ht  time  to  test  various  building  boards,   and 
oislio^d  the  fact  that  the  accelerated-aging  test 
#ialbeen  developed  by  the  National   Bureau  of 
„  itndards  (NBS).     The  procedure  was  first  men- 
ipositijied  in  a  series  of  reports  on  Building  Materials 

\0.  ' 


est  a 
isk 


3/  The  conditions  used  for  treatment  in  a 
_:iratory  procedure  are  shown  in  the  Appendix 
n  1  the  procedures  numbered  sequentially. 


and  Structures,  and  was  described  by  Jessup, 
Weissberg,  and  Weber  (1938)  in  a  report  on 
accelerated  aging  of  fiber  building  boards.   It 
must  be  remembered  that  the  NBS  always  had  an 
active  program  of  test  method  development  and 
conducted  research  on  building  materials  and 
other  materials  since  its  establishment  at  the 
turn  of  the  century. 

In  1937  Congress  appropriated  funds  for  NBS 
for  a  research  program  dealing  with  materials  and 
methods  of  construction  suitable  for  use  in 
low-cost  housing.  This  program  involved  many 
housing  agencies  in  the  Government,  and  particu- 
larly the  Forest  Products  Laboratory,  for  studies 
of  wood  constructions.  The  plans  for  this  program 
were  described  in  the  first  report  of  the  series 
by  Dryden  (1938)  who  helps  describe  the  approach 
to  accelerated  aging  with  such  statements  as: 

"Research  is  controlled,  directed,  and 
accelerated  experience." 

or 

"Accelerated  weathering  tests  made  in  a 
laboratory  do  not  give  results  for  many 
constructions  which  can  be  used  to  estimate 
the  service  life  with  reasonable  accuracy. 
Such  tests  are,  however,  helpful  because 
they  indicate  which  constructions  may  be 
expected  to  give  the  longer  service." 

The  accelerated-aging  procedure  developed  by 
Jessup,  Weissberg,  and  Weber  (1938)  was  based  on 
earlier  work  by  Rasch  (1931,  1933)  evaluating  the 
permanence  of  paper.  Rascn  had  evaluated  several 
accelerated-aging  procedures  and  concluded  that 
oven  heating  for  72  hours  at  100°C  (212°F)  pro- 
duced the  same  kind  of  changes  in  mechanical 
properties  that  took  place  during  the  natural 
aging  of  paper.  Also,  heating  a  variety  of 
papers  under  these  conditions  reduced  folding 
endurance  and  produced  the  same  ranking  as 
resulted  from  natural  aging.  This  oven  heating 
treatment  of  paper  and  folding  endurance  measure- 
ment remains  as  a  standard  method  today  (ASTM 
D  776-71;  Tappi  1962). 

Jessup  et  al .  (1938)  found  that  fiber 
building  boards  underwent  little  change  in 
mechanical  properties  upon  heating  at  100°C 
(212°F),  even  for  twice  the  time  found  useful  for 
paper.  They  reasoned  that  a  high  humidity  phase 
was  needed  to  impose  the  effects  of  alternate 
wetting  and  drying,  and  chose  a  spray  of  conden- 
sing steam  to  help  supply  the  moisture.  They 
reasoned  further  that  low  temperatures  encountered 
in  certain  localities  sometimes  caused  moisture 
to  condense  and  freeze  within  walls.  Consequently, 
a  freezing  phase  was  added  to  the  aging  procedure. 
This  resulted  in  a  cycle  that  required  2  days  to 
complete.  These  cycles  were  repeated  for  a  total 
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of  300  treatment  hours.-   This  accelerated-aging 
treatment  produced  changes  in  the  strength, 
permeability,  and  chemical  composition  of  the 
boards  being  tested,  and  the  changes  were  suffi- 
ciently large  to  permit  classifying  the  boards 
into  distinct  groups.  This  met  the  objectives  of 
the  approach  to  accelerated  aging  which  had  been 
developed  at  NBS.  The  approach  was: 

"The  materials  are  subjected  to  conditions 
which  produce  in  a  short  time  in  the  labora- 
tory effects  similar  to  those  arising  from 
long  periods  of  natural  aging.  These  condi- 
tions must  be,  of  necessity,  much  more 
drastic  than  the  deteriorating  conditions 
encountered  in  use,  in  order  to  achieve 
results  in  a  comparatively  short  time. 
However,  .  .  .  experience  with  paper  and 
some  other  materials  has  shown  that  a  high 
order  of  stability  to  accelerated  aging 
means  satisfactory  permanence,  while  low 
stability  to  accelerated  aging  means 
unsatisfactory  permanence."  (Jessup, 
Weissberg,  and  Weber  1938). 

This  accelerated-aging  procedure  was  used  to 
evaluate  a  number  of  commercial  fiber  building 
boards,  comparing  the  results  with  those  obtained 
upon  15  months  exposure  to  outdoor  weathering  in 
the  Washington,  D.C.  area  (Jessup,  Weber,  and 
Weissberg  1940).  The  results  showed  a  similarity 
in  the  changes  of  the  physical  properties 
resulting  from  the  two  aging  treatments.   It  was 
concluded  that  the  types  of  boards  studied  were 
not  suitable  for  the  exterior  covering  of 
buildings.  The  implication  was  that  the 
accelerated-aging  test  was  sufficiently  severe  to 
differentiate  among  boards  that  possessed  exterior 
performance  capabilities  from  those  that  did  not. 

This  question  of  exterior  versus  interior 
serviceability  of  fiber  boards  apparently  was  of 
concern,  because  another  less  severe  accelerated- 
aging  test  was  developed  during  the  same  time 
period  for  use  with  sheathing  papers  (Weissberg, 
Jessup,  and  Weber  1939)  and  fiber  sheathing 
boards  (Jessup,  Weber,  and  Weissberg  1941)  (A-2). 

These  accelerated-aging  procedures  had  a 
rather  humble  beginning.  Those  developing  the 
procedures  expected  to  learn  how  various  materials 
compared  with  regard  to  their  resistance  to  the 
effects  of  aging.  Consequently,  these  methods 
were  designed  to  provide  an  estimate  of  a 
material's  potential  for  satisfactory  performance 
in  service.  From  one  viewpoint  they  might  be 
considered  procedures  to  qualify  a  fiberboard 
material  for  building  purposes.  Over  the  years 
these  procedures  were  used  to  evaluate  new 
products  during  their  development  stages.  The 


procedures  were  widely  accepted  for  such  use,  aii^  ,» 
confidence  in  the  results  continued  to  rise.    ;  iliif 


4/  The  300  treatment  hours  were  probably  an 
approximation.  The  later  version  in  ASTM  D  1037 
called  for  6  cycles,  each  lasting  48  hours,  for  a 
total  of  288  hours,  or  12  days.  The  specimens 
were  then  removed  after  a  drying  cycle  so  they 
could  be  readily  conditioned  for  mechanical 
property  measurement. 
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Several  wood-based  panel  products  achieved 
commercial  success  in  the  early  1940's  and  voluu^ 
tary  commercial  standards  were  developed  to  guiii 
the  manufacture  of  these  products.  These 

standards  included:  CS-42-43  (revised  1949)-^  _,, 
for  Structural  Fiber  Insulating  Board  and  R-179'ii  !„ 
a  simplified  practice  recommendation  for  Struc- 
tural Insulating  Board  (wood  or  core  fiber); 
CS-112-43  for  Homogeneous  Fiber  Wallboard; 
CS-176-51  (revised  1958)  in  Prefinished  Wall 
Panels;  CS-251-63  for  Hardboard;  and  CS-236-51 
(revised  1966)  for  Mat-Formed  Wood  Particleboarc 
Only  one  of  these  commercial  standards  has  been: 
converted  into  a  new  product  standard--CS-42-499| 
became  PS-57-73  for  Cellulosic  Fiber  Insulating jf 
Board. 


Most  of  these  products  were  intended  for 
interior  applications,  so  the  standards  did  not', 
include  an  accelerated-aging  test  requirement. 
One  exception  was  the  1966  revision  of  CS-236-6'i) 
for  Mat-Formed  Wood  Particleboard  provided  for 
both  a  type  1  (interior)  and  type  2  (exterior) 
classification,  while  the  original  standard 
described  only  the  interior  product.  The 
accelerated-aging  procedure  chosen  to  evaluate 
the  exterior-type  board  was  the  6-cycle  exposunc 
originated  by  Jessup  et  al.  at  the  National 
Bureau  of  Standards. 

Prior  to  the  development  of  these  commerciiii 
standards  for  the  manufacture  of  panel  products 
the  ASTM  D  1037  test  methods  had  been  standardi 
for  evaluating  such  products.  These  test  inetho^: 
had  been  in  continuous  use  for  product  developmi 
purposes  since  their  acceptance  as  standards. 
Because  of  this  and  because  there  had  been  no 
other  efforts  to  develop  meaningful  procedures, 
it  can  be  readily  understood  why  the  6-cycle 
accelerated-aging  test  was  adopted  for  the  commw 
cial  standard.  It  was  the  only  procedure  that 


5/   There  have  been  changes  over  the  years  '• 
the  voluntary  standards  that  may  be  used  by  indm 
tries  for  the  manufacture  of  specific  products. 
Commercial  standards  were  under  the  jurisdictioi 
of  the  Commodity  Standards  Division  of  the 
U.S.  Department  of  Commerce  until  1965.   For 
example,  CS-45-38,  was  a  commercial  standard. 
No.  45,  assigned  to  Douglas-fir  plywood,  issued 
in  1938.  The  Department  of  Commerce  later 
transferred  the  responsibility  for  the  promulga- 
tion of  standards  to  the  Products  Standard  Sect 
of  the  National  Bureau  of  Standards.  In  1974  ai 
new  standard  or  revision  of  old  standards  was 
converted  to  a  product  standard  such  as  PS-1-74 
The  first  of  this  series  was  for  structural  sof 
wood  plywood  which  combined  commercial  standard; 
dealing  with  different  softwood  species.  Cur- 
rently, all  standards  are  being  revised  and 
reissued  by  the  American  National  Standards 
Institute.   For  example,  CS-236,  Mat-Formed  WoO(' 
Particleboard,  was  never  reissued  as  a  product 
standard  (PS  No.)  but  has  now  been  reissued  as 
ANSI  A208.1  (1979)  (National  Particleboard 
Association  1979) . 


1  been  used  extensively,  and  earned  a  high 
?  1  of  confidence  among  investigators  dealing 
ii  wood-based  panel  products.  Although  the 
-cle  procedure  was  too  lengthy  to  serve  as  a 
J  ity  control  procedure  for  a  manufacturing 
rtess,  there  was  no  suitable  alternative  that 
Did  be  used  with  confidence.  Research  designed 
Dievelop  such  a  suitable  quality  control 
riedure  has  been  undertaken  only  during  recent 
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PREDICTING  DURABILITY 


While  there  was  essential 
-.cle  procedure  to  evaluate 
K-based  panel  products  duri 
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Much  of  the  concern  about  the  durability  of 
ipr  centered  around  book  papers  and  archival 
;oage.  The  problem  was  of  national  interest  to 
ibaries,  and  much  of  the  early  work  was  spon- 
)rij  by  the  Virginia  State  Library  with  extensive 
ivstigations  carried  out  by  the  W.  J.  Barrow 
!S9rch  Laboratory  of  Richmond,  Va.  By  1960, 
ivstigators  were  claiming  as  a  first  approxi- 
it3n  that  3  days  of  heating  paper  at  100°C 
*'■  ''F)  gave  results  equal  to  about  25  years  of 
al  aging  (Hobbs  1960).  A  completely  inde- 
>nt  similar  study  in  the  Netherlands  yielded 
uivalent  of  28  years  of  natural  aging.   From 
hese  investigations  on  paper  durability,  it 
le  very   clear  that  most  modern  papers  had  a 
nable  life  expectancy  of  only  about  50  years, 
ie  other  hand,  papers  from  old  books  had  been 
■ved  to  survive  natural  aging  for  longer 
ids  of  time,  more  than  500  years  in  some 
(W.  J.  Barrow  Research  Laboratory  1964). 
Barrow  concluded  from  his  research  that  the 
n  for  the  poor  durability  of  modern  papers 
he  acidic  nature  of  the  paper  resulting  from 
se  of  alum-rosin  sizing  in  its  manufacture. 
1|led  to  the  development  of  processes  to 
Pof'acjdify  existing  papers  so  they  might  resist 
tie  degradation.  It  also  led  to  the  develop- 
niof  specifications  for  the  manufacture  of 
ofpapers  that  had  a  theoretical  useful  life  of 
ast  300  years  (Church  1960). 

The  prediction  of  this  useful  life  resulted 
''extensive  testing  which  involved  heat  treat- 
iiifor  as  long  as  48  days,  with  testing  at 
ffrent  time  intervals  for  fold  endurance  and 
at.resistance.  It  was  found  that  the  rate  of 
teioration  of  paper  was  not  constant  but 
erased  with  time  of  heating.  This  led  to  the 
ttng  of  standard  curves  to  the  data  so  the 
ifrison  of  one  paper  with  another  could  be 
s^ith  some  statistical  inferences.  Also, 
tiates  of  strength  beyond  the  point  where  the 
st|test  was  actually  measured  could  be  made  by 
utous  extension  or  extrapolation.  This  view 
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of  deterioration  as  a  rate  phenomenon  materially 
improved  the  procedures  for  paper  evaluation,  and 
permitted  significant  progress  to  be  made  in  the 
manufacture  of  durable  materials.  However,  many 
important  questions  could  not  be  answered  until 
this  rate-process  approach  was  extended  to 
measurements  at  several  temperatures  and  applica- 
tion of  the  Arrhenius  temperature-dependence 
relationship. 


A  hypothetical  example  o 
of  the  Arrhenius  temperature- 
ship  i^  shown  in  figure  1.  A 
such  as  a  strength  property  i 
ically  as  a  material  that  is 
more  elevated  temperatures,  a 
figure  lA  as  Tl ,  T2,  or  T3. 
loss  at  each  temperature  may 
rate  (k)  or  as  the  time  to  lo 
amount  of  the  original  proper 
50  percent. 


f  the  determination 
dependence  relation- 
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s  measured  period- 
exposed  to  three  or 
s  depicted  in 
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se  a  specified 
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The  Arrhenius  equation  is  usually  written 


as 


dk 
dT 


or 


RT 


2.303RT 


where  k  =  the  rate  constant, 

E  =  the  activation  energy, 

R  =  the  molar  gas  constant,  and 

T  =  the  absolute  temperature. 

A  plot  of  the  rates  of  property  loss  versus 
the  reciprocal  of  the  absolute  temperature  pro- 
duces a  straightline  relationship  such  as  is 
shown  in  figure  IB. 

Multi temperature  studies  (Gray  1977)  detected 
differences  in  the  way  temperature  affected  the 
deterioration  rates  of  different  papers.  Papers 
often  responded  differently  to  changes  in  the 
temperature  of  aging.  These  differences  were 
reflected  in  the  activation  energy  as  determined 
by  the  Arrhenius  temperature-dependence  relation- 
ship, where  the  logarithm  of  the  rate  of  change 
in  some  selected  property  is  plotted  against  the 
reciprocal  of  the  absolute  temperature  to  give  a 
straight  line.  The  slope  of  this  line  is  a 
measure  of  the  activation  energy.  The  permanence 
of  a  paper  in  service  could  be  predicted  by 
extrapolation  of  the  Arrhenius  temperature- 
dependence  relationship  to  the  expected  service 
temperature. 

The  Arrhenius  equation  evolved  from  kinetic 
studies  of  chemical  reactions.  There  is  a  theo- 
retical basis  for  applying  the  Arrhenius  equation 
to  the  study  of  the  deterioration  of  materials 
such  as  paper.  Physical  properties  in  paper 
change  as  a  result  of  chemical  changes.  There- 
fore, the  effects  of  hydrolysis,  oxidation,  or 
thermal  degradation  can  be  measured  indirectly  by 
measuring  changes  in  physical  properties. 

However,  in  the  degradation  process,  it  must 
be  recognized  that  (1)  several  chemical  reactions 
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may  occur  simultaneously,  (2)  individual  reactions 
can  proceed  at  different  rates,  (3)  reactions  may 
not  proceed  independently  of  each  other, 
(4)  additional  reactions  may  occur  as  the  results 
of  intermediates  formed,  and  (5)  rate  constants 
can  vary  with  temperature.  Because  of  the 
complexity  of  the  deterioration  process  from  a 
chemical  point  of  view,  it  is  understandable  why 
the  activation  energy  might  vary  from  one  material 
to  another.   It  is  not  surprising,  therefore, 
that  the  slopes  of  the  Arrhenius  plots  may  differ 
considerably  from  one  paper  to  another  and  that 
the  regression  lines  may  even  cross  over  one 
another. 

The  attempts  to  correlate  the  results  of 
single  temperature-accelerated  aging  with  natural 
aging  were  based  on  a  false  assumption--that 
changes  in  temperature  affected  the  degradation 
of  all  materials  equally.  The  early  claims  that 
3  days  of  heating  at  100°C  (212°F)  was  equivalent 
to  25  years  natural  aging  in  one  case  and  28  years 
in  another  was  simply  coincidental.  Values  as 
low  as  18.5  to  as  high  as  63  years,  depending  on 
the  activation  energy,  have  since  been  reported 
(Roberson  1981) . 

The  determination  of  a  complete  Arrhenius 
relation  for  any  material  is  a  long  and  somewhat 
tedious  procedure.  An  obvious  disadvantage  to 
such  multi-temperature  rate  studies  is  the 
increased  time  and  cost  of  experimentation  as 
compared  with  single-temperature,  single  dwell- 
time  tests.  However,  the  kinetic  or  rate-process 
approach  to  durability  evaluation  has  become  a 
valuable  research  tool  to  probe  into  the  reactions 
and  reaction  mechanisms  that  characterize  the 
aging  of  individual  materials.  The  procedure  can 
provide  an  understanding  of  the  basic  cause  of 
deterioration  in  each  case  and  yield  realistic 
estimates  of  room-temperature  degradation  rates. 
Such  rate-process  studies  are  too  time  consuming 
and  expensive  to  serve  as  quality  control  tests 
for  a  manufactured  product,  but  their  application 
to  the  evaluation  of  a  product's  response  to 
degrading  influences  should  suggest  test  condi- 
tions suitable  for  short-term  quality  control 
needs. 


The  durabil 
the  durabil ity  o 
the  adhesives,  a 
adhesives  and  su 
of  the  composite 
many  evaluations 
durability,  othe 
durability,  and 
performance  of  a 
Each  of  these  ap 
can  supply  valua 
of  tests  can  pro 
durabi 1 ity  quest 


ity  of  composites  depend 
f  all  components--the  su 
nd  the  interfaces  formed 
bstrates  during  the  manu 
Over  the  years  there 

designed  to  emphasize  a 
rs  specifically  for  subs 
still  others  concentrati 

particular  bonded-wood 
proaches  to  durability  e 
ble  information,   but  no 
vide  the  answers   to  all 
ions   that  arise. 


WOOD  DURABILITY 
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Some  of  the  earliest  work  on  the  durability 
of  wood  was  concerned  with  the  effect  of  steaming 
or  heating  on  the  mechanical  properties  of  dif- 
ferent species.  It  was  common  practice  to  steam 
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wood  for  various  purposes,  so  it  was  desirabl 
know  if  different  steam  temperatures  and  trea 
periods  were  detrimental  to  wood  properties. 
Some  of  the  most  extensive  research  on  this 
problem  was  carried  out  by  J.  D.  Maclean  (195 
1953,  1954).  This  work  was  distinctive  becau 
it  yielded  information  about  how  each  mechani 
property  changed  during  the  time  of  exposure. 
Rates  of  change  were  measured.  This  led  to  t 
use  of  multiple  temperature,  multiple  dwell-t 
data  from  which  activation  energies  could  be 
calculated  by  way  of  the  Arrhenius  temperatur 
dependence  relationship.  Stamm  (1956)  collec 
and  analyzed  rate  data  on  reaction  kinetics, 
including  data  of  Maclean  (1951,  1953,  1954) 
Rasch  (1931,  1933).  He  compared  how  wood  and 
various  lignocel lulosic  components  resisted 
thermal  degradation,  and  he  provided  estimate 
strength  loss  during  kiln  drying  and  during 
natural  aging  at  room  temperature. 


ADHESIVE  DURABIIITY 

The  early  work  on  evaluating  the  durabil 
of  different  wood  adhesives  took  a  different 
tack.  Prior  to  the  introduction  of  adhesives 
based  on  synthetic  resins  in  the  30's  and  40' 
practical  wood  adhesives  were  obtained  from 
natural  sources  and  were  used  mainly  for  inte' 
applications.  The  procedures  that  had  evolve 
evaluate  their  durability  were,  consequently, 
based  on  the  interior  conditions  that  might  t 
met  in  service. 
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These  exposures  included  extremes  of  ten 
ture  and  moisture  to  which  bonded  wood  produc 
might  be  subjected,  as  well  as  conditions  cor 
sidered  normal  interior  exposures--continuou5 
cyclic.   A  summary  of  the  results  of  adhesive 
durability  evaluations  made  over  many  years  c 
the  Forest  Products  Laboratory  was  published 
1944,  with  the  last  reprinting  in  1963,  folic 
two  revisions  with  additions  (FPL  1963).  Th( 
were  six  different  continuous  exposure  condi' 
involving  different  temperature-humidity  siti 
tions  (A-3)  and  four  combinations  of  cyclic 
conditions  (A-4).  The  data  were  collected  a- 
different  time  intervals  of  exposure  so  chani 
in  shear  strength  and  wood  failure  were  obta 
In  most  cases  data  were  obtained  every   6  mon- 
up  to  a  total  of  3  years  of  exposure,  with  mi 
frequent  testing  under  the  more  severe  condi 
When  the  more  durable  adhesives  from  synthet 
resins  became  available,  time  periods  betweei 
tests  were  extended  to  as  long  as  a  full  yea' 
and  in  some  cases  requiring  a  total  exposure 
of  10  years  to  complete  a  test.  These  tests 
discontinued  in  the  early  1960's  because  the 
total  exposure  time  required  to  evaluate  dur 
adhesives  was  excessive. 

Early  in  the  1960's,  a  meeting  was  held 
assess  future  prospects  for  the  wood  industr 
with  representatives  of  West  Coast  lumber  as 
ciations,  and  scientists  from  industry,  gove 
and  universities  in  attendance.  The  attende 
concluded  that  the  outlook  for  the  future  wa 
discouraging  mainly  because  the  long-term  pe 
formance  of  any  new  bonded  wood  product,  and 
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irticularly  any  new  adhesive  potentially  useful 
jr  wood  bonding,   could  not  be  predicted  with  any 
jasonable  degree  of  confidence.     While  it  was 
jcognized  that  the  research  task  to  resolve  this 
"Oblem  was  nearly  impossible  to  accomplish,   a 
'^""'lall   group  of  scientists  agreed  to  tackle  it  in 
1  unprecedented  effort.     Thus,   the  Steering 
immittee  for  the  Accelerated  Testing  of  Adhesives 
^"tUCATA)  was  formed.      Over  a  period  of  about 
years,   this  group  met  regularly  to  discuss  the 
atus  of  each  element  of  the  problem,   to  plan 
"t^ffparate  but  coordinated  attacks  on  the  problem, 
ollet  :d  to  assess  progress  of  research  as  various 
udies  reached  completion.     A  brief  summary  of 
e  efforts  of  SCATA  was  recently  prepared  by 
ffliirra  (1981).     This  group  made  numerous  contribu- 
ons  to  a  better  understanding  of  durability 
sessment  by  accelerated  aging,   and  influencing 
d  stimulating  the  direction  of  productive 
search  on  this  subject  for  well   over  a  decade. 

Durability  evaluation  of  adhesives  has   not 
en  carried  out  on  cured  samples  of  adhesive 
one  with  any  consistent  success.      Efforts   to  do 
is  so  far  have  not  been  very  productive.     Most 
rability  testing  has   involved  bonded  assemblies 
iesi«i[|ere  the  adhesive  is  confined  in  a  thin  bondline 
indrntween  wood  substrates.     Any  durability  evalua- 
froi  pn  consequently  involves  an  adhesive-wood 
)r  idteJterface  in  addition  to  the  adhesive  itself. 
mm-  question  that  always  arises  when  evaluating 
jentljnesive  durability  is  which  wood  species  and 
jjglittfint  configuration  should  be  used.     Attempts   to 
t/elop  standard  procedures  for  adhesive  evalua- 
[)n  resulted   in  ASTM  D  905,  Strength  Properties 
of  tei|  Adhesive  Bonds   in  Shear  by  Compression  Loading, 
profcip  ASTM  D  906,   Strength  Properties  of  Adhesives 
offi  coiij  Plywood-Type  Construction   in  Shear  by  Tension 
■'^ding.     ASTM  D  905  specifies   hard  maple  for  the 
paration  of  shear  blocks,  while  ASTM  D  906 
!cifies  yellow  birch  veneer  for  preparation  of 
'wood  specimens.     These  species  were  selected 
ause  of  their  high  strength  and  fine,   uniform 
ture.     While  these  two  ASTM  procedures  are 
mally  followed  for  adhesive  evaluations,   some 

fications  have  been   incorporated  in  kinetic 
idies  involving  accelerated-aging  and  rate- 
icess  analysis. 
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The  first  kinetic  studies  with  wood  adhesives 


Je  carried  out  using  yellow  birch  3-ply  plywood 
cimens  prepared  according  to  ASTM  D  906 
lllespie  1965,    1968;   Gillespie  and  River  1975, 
^^[j(|]6).     The  one  exception  to  ASTM  D  906  was   to 
rease  the  thickness  of  veneers  used  for  bonding 
0  plywood  panels.     These  kinetic  studies    demon- 
•ated  again  that  reasonable  predictions  of 
,j{ji1iength  retention  at  room  temperature  could  be 
'^    jlifle  only  by  determining  how  changes   in   tempera- 
'^^     fjk  affected  the  rates  of  thermal   degradation  or 
rolysis.     This  could  be  done  only  by  multiple 
Eperature,  multiple  dwell-time  experimentation, 
ij'  application  of  the  Arrhenius  temperature- 
,^3ndence  relationship.     Additional   kinetic' 
'|Jies  designed  to  determine  the  precision  of 
method  for  predicting  durability  of  adhesive 
s  used  hard  maple  shear  blocks   based  upon 
D  905,  except  the  bonded  area  per  specimen 
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reduced  to  645  mm^  (1  in, 2)  from  the  specified 


1,935  mm^  (3  in.^)  (Millett  and  Gillespie  1978; 
Millett,  Gillespie,  and  Baker  1980),  and  the 
adherent  thickness  was  also  reduced.  This  change 
was  made  so  that  the  required  large  number  of 
specimens  could  be  easily  prepared,  could  be 
readily  exposed  without  crowding  in  ovens  and 
water  baths  with  precisely  controlled  temperature, 
and  would  reach  equilibrium  conditions  rapidly 
prior  to  strength  tests.  Small  specimen  testing 
was  particularly  required  for  kinetic  studies  to 
predict  durability  of  adhesives  because  of  the 
large  number  of  specimens  required  for  precise 
estimates.  The  results  of  the  kinetic  studies 
with  shear  block  testing  compared  adhesive  dura- 
bility of  bonded  specimens  with  that  of  wood, 
using  the  time  required  for  each  to  lose  25  per- 
cent of  its  original  shear  strength  (Gillespie 
1981).  This  behavior  was  shown  to  be  equivalent 
to  centuries  of  natural  aging  when  wood  was 
unaffected  by  fire,  insects,  or  microorganisms. 

These  basic  studies  provided  fundamental 
information  about  an  adhesive' s  resistance  to 
hydrolysis  and  thermal  degradation.  They  supplied 
background  data  for  use  in  comparing  the  behavior 
of  any  new  adhesive  with  that  of  conventional 
adhesives  of  known  durability  and  also  with  that 
of  wood  itself.  New  adhesives  and  wood  species 
combinations  could  also  be  evaluated  by  these 
established  procedures.  From  studies  such  as 
these,  highly  durable  adhesives  can  be  selected 
for  use  in  new  bonded  wood  products  with  assurance 
that  both  the  adhesive  and  substrate  would  resist 
the  chemical  effects  of  aging.  The  remaining 
problem,  which  is  associated  with  resistance  to 
physical  forces  imposed  upon  the  joints,  then 
needs  to  be  evaluated  with  the  particular 
adhesive-species  combination  and  specific  joint 
geometry  required  for  the  product  being  developed. 


SOFTWOOD  PLYWOOD  DURABILITY 

The  accelerated-aging  procedure  to  evaluate 
the  durability  of  exterior- type  softwood  plywood 
was  developed  empirically  in  the  early  1930's  and 
is  still  in  use  today.  However,  an  additional 
procedure  has  since  been  developed  which  is  less 
time  consuming  and  more  responsive  to  differences 
that  may  exist  in  adhesive  cure. 

One  of  the  first  exterior- type  bonded-wood 
products  to  be  developed  was  construction-grade 
softwood  plywood.  Specifications  for  its  manu- 
facture were  described  in  U.S.  Commercial  Standard 
CS-45-38,  issued  in  November  1938.  The  exterior- 
type  product  was  expected  to  survive  many  years 
exposure  to  open  weather  in  all  areas  of  the 
United  States.  The  quality  control  test  procedure 
for  this  product  was  what  is  now  known  as  the 
boil-cycle  test  (BDB)  (A-5).  After  the  broken 
specimens  were  dried,  the  percentage  of  wood 
failure  over  the  fractured  surface  was  estimated. 
High  wood  failure  in  this  test  was  found  to 
correlate  with  years  of  outdoor  exposure  without 
delamination,  while  shear  strength  values  did 
not.  Since  it  was  later  proved  that  phenolic 
adhesives  were  more  resistant  to  hydrolysis  and 
thermal  degradation  than  wood,  it  became  apparent 
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that  the  main  function  of  the  boil-cycle  test  as 
a  quality  control  procedure  was  to  apply  a  large 
amount  of  swelling  and  shrinking  in  a  short  time. 
It  answered  the  question  about  whether  or  not  a 
high  quality  bond  had  been  manufactured--one  that 
would  resist  the  internal  stresses  that  could  be 
generated  within  the  particular  plywood  configu- 
ration in  question. 

The  boil -dry-boil  test  served  the  softwood 
plywood  industry  well  during  its  early  develop- 
ment. The  test  excluded  the  use  of  urea- 
formaldehyde  adhesives  which  would  not  have  been 
suitable  for  service  environments  where 
construction-grade  materials  were  to  be  used. 
The  test,  as  a  quality  control  tool,  effectively 
led  to  the  production  and  use  of  a  quality  product 
which  enjoyed  increasing  consumer  acceptance  and 
use.  The  boil-cycle  test  proved  not  to  be  the 
most  ideal  system,  however,  for  it  could  not 
detect  undercured  bondlines  of  hot-pressed  phenolic 
adhesives.  The  boil-cycle  test  also  proved  less 
than  ideal  for  evaluating  mismanufacture  because 
of  the  lengthy  time  required  to  carry  it  out-- 
over  24  hours.  These  problems  provided  support 
to  those  who  advocated  performance  simulation 
tests  and  who  reject  boiling  as  unrealistic. 

Later  the  boil-cycle  test  was  supplemented 
with  a  vacuum-pressure-soak  (VPS)  (A-6)  test 
which  served  the  same  function  but  used  a  lower 
temperature.  This  procedure  could  evaluate 
undercured  bonds  which  in  the  past  had  been 
advanced  in  cure  by  the  higher  temperatures  of 
the  boil-cycle  and  be  undetected.  The  VPS  proce- 
dure also  used  wood  failure  as  a  measure  of  bond 
quality.  The  history  of  these  developments  was 
reviewed  by  Raymond  (1975). 

The  fact  that  plywood  shear  strength  lacked 
correlation  with  performance  during  outdoor 
exposure  was  due  to  the  fact  that  the  test  for 
strength  measured  the  rolling  shear  strength  of 
the  inner  plies.  These  were  low  values  compared 
with  strengths  of  plies  bonded  parallel  to  the 
grain,  and  they  reflected  the  quality  of  veneers 
rather  than  that  of  the  bonds.  While  bonding  may 
have  reinforced  the  surfaces  of  the  inner  plies, 
this  apparently  was  not  detectable  with  relation 
to  performance  or  within  the  normal  variations  of 
strength  due  to  differences  in  grain,  lathe 
checks,  and  other  elements  of  wood  structure 
contributing  to  shear  strength. 

The  function  of  the  adhesive  bond  in  plywood 
was  to  transfer  stress  between  adjacent  plies 
whose  grain  directions  were  at  right  angles  to  one 
another,  and  to  resist  the  internal  stress 
development  that  takes  place  with  moisture  content 
changes.  The  quality  control  tests  of  BDB  and 
VPS  simply  developed  the  maximum  internal  stress 
the  product  was  able  to  generate,  and  the  amount 
of  wood  failure  was  a  measure  of  the  area  of  bond 
capable  of  resisting  that  stress. 

This  discussion  about  plywood  has  demon- 
strated that  tests  developed  for  one  panel  product 
such  as  plywood  cannot  be  directly  applied  to  the 
durability  evaluation  and  quality  control  of 
another,  such  as  a  composite  panel.  The 


development  of  composite  panels  with  veneer  fai 
on  cores  consisting  of  particles,  flakes,  or 
strands  posed  new  problems  in  evaluating  bond 
quality  in  terms  of  expected  performance. 

COMPOSITE  PANEL  DURABILITY 


With  the  development  of  composite  panels  I 
that  combined  veneers  with  particle-type  cores.,! 
the  need  arose  for  quality  control  tests  for  t\i 
manufacturing  process.  The  core  material  did  r ;; 
lend  itself  to  any  estimate  of  wood  failure  as  i 
measure  of  bond  quality.  Some  other  approach  v; 
needed.   The  American  Plywood  Association  (APA' 
conducted  an  extensive  study  evaluating  a  vari(t 
of  composite  panels  by  several  laboratory  test 
procedures  and  compared  the  results  with  those 
following  outdoor  exposure  of  the  same  materia"? 
(Raymond  1975)  (A-7),  The  results  after  1  yeat 
suggested  that  a  suitable  test  might  consist  01' 
exposing  small  specimens  to  daily  cycles  of 
soaking  under  vacuum  and  drying  at  moderate 
temperatures.  The  specimens  would  then  be 
examined  for  delamination.   One  hundred  percem; 
of  all  specimens  should  survive  4  cycles  or 
2  days  exposure  to  assure  outdoor  durability 
well  in  excess  of  1  year.  Here  again,  the  concK 
tions  of  exposure  create  high  internal  stresses?! 
and  the  extent  of  delmaination  measures  those 
areas  where  bonds  were  incapable  of  resisting  1 
stress.  The  delamination  measurements  can  reao 
be  made  if  there  is  a  distinct  line  of  demarcaii 
to  probe,  but  it  cannot  be  applied  to  fiberboan 
flakeboards,  strandboards,  or  waferboards  whern' 
such  a  distinct  bondline  does  not  exist. 


PARTICLE-,  FLAKE-,  WAFER-. 
STRANDBOARD  DURABILITY 


OR 


The  development  of  new  wood-based   panel 
products  from  wafers,    flakes,   or  strands   for 
exterior  applications   resulted   in   renewed  effofv 
to  develop   improved  accelerated-aging  procedurf 
These  attempts   took  place   in  a   number  of  diffei 
laboratories  using  a   variety  of  approaches   to   ■  P 
problems  under   investigation.      A  review  of  these 
efforts   is   particularly  pertinent   to  the  situali 
as   it  exists   today  in  the  waferboard  and   flake- 
board   industries. 
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Waferboard  originated  in  the  United  State; 
in  1954  through  developments  by  J.  D'A.  Clark. 
The  first  plant  was  built  in  Idaho  in  1956,  anc 
commercial  interest  in  waferboard  increased  as 
result  of  further  developments  in  Canada 
(J.  D'A.  Clark  1980;  P.  Vajda  1980).  The  prodi 
resulting  from  these  developments  used  a  powde* 
phenolic  resin  at  a  level  of  approximately  3  pe 
cent  ovendry  weight  of  wafers. 

Later  a  flakeboard  development  was  carriec 
out  by  the  U.S.  Forest  Service  to  stimulate  the 
use  of  forest  residues.  Performance  criteria 
were  set  up  using  the  best  engineering  judgmeni 
available  to  produce  a  product  that  could  poss'i 
serve  the  same  end  uses  currently  satisfied  by 
construction-grade  plywood.  Target  properties 
for  the  Forest  Service  structural  flakeboard 
approached  those  of  construction-grade  softwooi 
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%wood.     The  results  of  the  structural    flakeboard 
velopnient  program  were  summarized  in  a  general 

Ichnical    report  (USDA  1978).     The  product  was 
aracterized  by  the  use  of  liquid  phenolic 
hesive  at  a    level    of  approximately  5   to 
Dercent. 


The  major  efforts   in  the  development  cf 
uctural    flakeboard  used  phenolic  resin  binders, 
ause  a  highly  durable,  waterproof  bond  was 
'ibired.     Even  with  the  selection  of  a   heat  and 
lirolytical  ly  resistant  adhesive,   there  was 
n   a  need  to  demonstrate  that  the  resulting 
iduct  would  perform  as   intended.      There  was 
;o  the  need  for  developing  a   quality  control 
,t,  but  the  performance-oriented  question  was 
ilressed  first. 
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Accelerated-Aging  Tests 


Based  on  the  premise  that  the  major  degrading 
riuence  affecting  phenolic-bonded  flakeboard 
/(Id  bo  internal  stress  development,  the  proce- 
'lies  selected  for  evaluating  this  factor  con- 
|.  .'ted  of  multiple  cycles  of  boiling  and  drying, 
..l.ji   also  vacuum-pressure  soaking  with  intermediate 
(perature  drying.  A  variety  of  flakeboards  was 
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ijected  to  these  procedures  along  with  samples 
iplywood  and  solid  wood.  The  resulting  changes 
rbending  strength  and  stiffness  under  soaking 
^'r  drying  conditions  so  severe  that  even  highly 
"^Sistant  solid  lumber  and  marine-grade  plywood, 
'^^''I'se  performance  is  well  regarded,  suffered 
'"dreciable  losses  (Baker  and  Gillespie  1978; 
.*r,  Gillespie,  and  Baker  1981). 


Other  investigators  also  found  cyclic  expo- 
iijbs  useful  for  evaluating  exterior-type  panel 
rfjucts.  Beech  (1973);  Beech,  Hudson,  Laidlaw, 
]a„ei  r«l  Pinion  (1974)  advocated  the  V313  three-cycle 
;for  ritedure  (AFN  1972)  (A-9).  The  change  in  bending 
jr't^nqth,   bending  stiffness,  internal  bond,  and 

r.kness  swelling  correlated  well  with  the 
,j  'Verty  changes  after  2  years  weathering. 

hesti  1 

."'■  '   Lehmann   (1958)   evaluated  a  number  of 
,     x,!rior-type  particleboards  by  the  ASTM  D  1037 
j.jji.g^ig  test,   by  the  West  Coast  Adhesive 

ajifacturer's  Association   (WCAMA)   6-cycle  expo- 
u''.   (A-10),   and  by  a  vacuum-pressure  soak  and 
-     r  (VPSD)    5-cycle  procedure   (A-11).      In  all 
[]jfia|!S  tests  were  carried  out  after  specimens  were 
1555  jioilitioned  to  65  percent  relative  humidity   (RH). 
,jjjjj,t|(as  found  that  VPSD  exposure  test  results 
I     r«'ided  the  best  correlation  with  2  years  of 
'  ral   weathering. 
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In  a  later  study,  Lehmann  (1977)  evaluated  a 
ler  of  commercial  and  laboratory-prepared 
icleboards,  flakeboards,  waferboards,  and 
Irboards  using  the  ASTM  D  1037  aging  procedure, 
VPSD  exposure,  a  spray-dry  exposure  from  ASTM 
98  (A-12),  and  a  2-hour  boiling  with  testing 

wet  and  dry.  The  D  1037,  VPSD,  and  D  2898 
edures  were  repeated  with  specimens  removed 
test  after  1,  2,  3,  6,  12,  and  24  cycles, 
ver,  no  consistent  correlation  was  found 
een  results  of  accelerated  aging  and  those 
,   1  year  of  natural  weathering.  The  results 


led  Lehmann  to  recommend  two  types  of  tests: 
(1)  a  rapid  test  of  a  vacuum-pressure  soak, 
boiling,  and  drying,  and  (2)  a  cyclic  wetting  and 
drying  using  moderate  temperatures  rather  than 
boiling  followed  by  high-temperature  drying. 


Tests  in  Simulated  Service  Environments 

There  are  certain  important  end-use  proper- 
ties of  wood-based  panel  products  that  can  be 
measured  only  through  simulation  of  service 
envir.onments  rather  than  with  the  use  of  condi- 
tions that  might  be  unrealistic.  Even  though  the 
temperature  and  moisture  conditions  selected  are 
within  the  range  found  in  service  environments, 
the  procedures  can  be  considered  as  accelerated 
aging  because  the  cycles  selected  usually  take 
place  more  frequently  than  normal,  and  the  condi- 
tions range  between  extremes  rather  than  changing 
moderately.  The  objective  is  usually  the  deter- 
mination of  how  much  change  would  occur  in  a 
product  with  regard  to  bending  strength  and 
stiffness,  creep,  or  dimensional  stability  when 
subjected  to  simulated  service  environments. 


McNatt  (1982 
cyclic  humidity  e 
and  stiffness  of 
reported  by  diffe 
studies  evaluated 

(1 )  UF-bonded  par 
by  cycl ic  exposur 
were  those  bonded 

(2)  cyclic  humid i 
elevated  temperat 
temperature,  cycl 
tions  will  produc 
on  total  exposure 
cycles  when  essen 
content  is  achiev 


)  investigated  the  effects  of 
xposure  on  the  bending  strength 
wood-based  panel  products  as 
rent  investigators.  The  nine 

provided  indications  that: 
ticleboards  were  affected  more 
es  to  changes  in  humidity  than 

by  phenol -formaldehyde  adhesives, 
ty  exposures  are  more  severe  at 
ures,  and  (3)  for  a  given 
ing  between  two  humidity  condi- 
e  comparable  results  that  depend 

time  rather  than  the  number  of 
tially  equilibrium  moisture 
ed  after  each  humidity  change. 


McNatt  and  others  (Armstrong  and  Grossman 
1972;  McNatt  and  Hunt  1982;  Lehmann,  Ramaker,  and 
Hefty  1975;  McNatt  and  Superfesky  1982;  Schniewind 
and  Lyon  1973;  and  Tyne  1978)  evaluated  creep 
deflections  when  particleboard  and  hardboard  were 
subjected  to  cyclic  humidity  while  under  load  at 
ambient  temperature.  It  was  found  that  creep 
deflections  were  as  much  as  five  times  greater 
under  cyclic  humidity  conditions  than  when 
humidity  was  held  constant.  It  was  recognized 
that  cyclic  humidity  at  a  constant  temperature  is 
not  a  "real-life"  exterior  exposure  condition 
where  a  decrease  in  humidity  is  usually  accom- 
panied by  an  increase  in  temperature  and  vice 
versa.  It  was  also  found  that  cyclic  humidity- 
constant  temperature  exposure  was  considerably 
more  severe  for  creep  under  load  than  when  exposed 
to  an  exterior  exposure  where  protection  was 
provided  against  direct  exposure  to  sunlight  and 
precipitation. 


DURABILITY  TESTS  VERSUS  QUALITY  CONTROL  TESTS 

Test  procedures  designed  to  evaluate  dura- 
bility are  different  from  those  used  to  control 
quality  of  manufacture.  The  same  test  procedures 
do  not  serve  both  purposes. 
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All  of  the  multiple-cycle  exposures  have  as 
their  main  objective  the  demonstration  whether  or 
not  a  board  product  will  perform  as  desired  for 
many  years  in  direct  weathering.  They  are  time 
consuming,  labor  intensive,  complicated,  and 
require  numerous  large  specimens  and  commensurate 
equipment  capacities.  There  is  a  basic  difficulty 
involved  in  the  development  and  use  of  such  test 
procedures.  First  of  all,  there  is  a  desire  for 
test  procedures  that  simulate  actual  long-term 
service  conditions.  But  when  new  products  are   to 
be  evaluated,  there  is  little  choice  but  to  use 
accelerating  procedures.  In  contrast,  there  is  a 
need  for  quick  and  inexpensive  test  procedures  to 
detect  the  adverse  effects  of  product  mismanufac- 
ture.  The  lengthy  cyclic  tests  are  needed  to 
qualify  new  products  for  certain  end  uses,  while 
the  quick  and  nonsimulati ve  type  are  required  for 
quality  control  purposes  during  product  manufac- 
ture. In  addition,  test  procedures  have  been 
developed  for  purposes  other  than  those  mentioned 
above.  These  include  tests  to  evaluate  adhesive 
durability  properties;  tests  to  exclude  the  use 
of  adhesives  already  known  to  be  unsuitable  for 
certain  uses;  tests  designed  to  include  specific 
materials  known  to  be  satisfactory;  tests  to 
simulate  service  condition  effects  on  dimensional 
stability;  tests  for  creep  behavior  in  changing 
environments,  etc.  Many  of  these  tests  are 
misused,  the  results  of  others  are  misinterpreted, 
or  the  results  may  be  viewed  with  overexpectations. 

These  conflicts  or  philosophical  difficulties 
have  been  discussed  by  Carroll  (1978,  1980).  The 
major  heading  for  these  articles  which  states, 
"We  still  don't  boil  houses,"  suggests,  therefore, 
that  it  is  improper  to  boil  primary  building 
materials  when  evaluating  their  durability. 
This,  of  course,  refers  to  the  boil-dry-boil 
cycle  test  used  to  evaluate  construction  grades 
of  softwood  plywood  (PS-1~1974).  Carroll  traces 
the  history  of  test  development  for  wood-based 
panel  products  and  discusses  the  different 
philosophies  of  approach  and  the  inconsistencies 
that  arise. 

Carroll's  second  article  (1980)  extended  the 
discussion  to  consider  the  more  profound  differ- 
ences that  exist  in  the  testing  of  structural- 
type  particleboards.  He  compared  the  particle- 
board  standards  and  specifications  developed  in 
Europe  with  those  used  in  North  America.  Differ- 
ences exist  in  the  expected  performance.  The 
Europeans  favor  a  board  with  8  to  10  percent 
resin  and  springback  below  8  percent  after  cyclic 
aging,  while  the  Canadian  waferboard  contains 
only  2  to  3  percent  PF  resin  binder  and  shows  30 
to  35  percent  springback  after  boiling  and  recon- 
ditioning. All  of  the  specifications  contain 
test  procedures  to  measure  a  moisture  resistance 
or  simulated  weathering  resistance.  They  all 
contained  test  criteria  that  define  the  limita- 
tions that  are  permitted  to  take  place  in  spring- 
back,  internal  bond,  or  bending  properties  after 
specimens  have  been  subjected  to  certain 
laboratory-controlled  exposure  conditions. 

The  U.S.  standard  for  particleboards  (NPA 
1979)  uses  the  6-cycle  accelerated-aging  test 
described  in  ASTM  D  1037  (1981).  Bending 
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specimens  are  reconditioned  prior  to  test,  so 
to  4  weeks  are  required  to  complete  the  data 
collection.  The  French  CTB-H  standard  (1975) 
and  the  British  standard  (BS  5669,  1979)  use 
V313  procedure  with  reconditioning  prior  to  t'. 
The  time  required  to  complete  is  4  to  5  weeks'; 
In  contrast,  the  German  and  Canadian  standard! 
use  a  2-hour  boil  test.  The  German  standard,, 
DIN  68763  VIGO  (1973)  (A-13)  relies  on  testinm 
for  internal  bond  in  the  wet  condition.  This;' 
requires  bonding  of  gripping  blocks  to  the  fan( 
of  the  specimens  before  soaking  and  boiling, 
therefore,  the  test  requires  approximately  6 
The  Canadian  standards  (CSA  1978)  (A-14)  descc 
the  use  of  bending  specimens  for  a  2-hour  boi  i; 
and  1-hour  soak  in  cool  water  before  testing  ij 
for  bending  strength.  Elapsed  time  of  test  if 
only  3  hours.  Of  these  procedures  only  the 
2-hour  boil  test  of  the  German  and  Canadian 
standards  approaches  the  short  time  conditiorut 
required  for  an  acceptable  test  for  controlliij 
mismanufacture  of  a  product.  These  two  standi^ 
also  require  the  use  of  a  PF  resin  adhesive  wli 
automatically  establishes  a  high  level  of  hyd'i 
sis  resistance  for  the  system.  The  accelerati 
aging  procedures  in  the  U.S.,  French,  and  Bri" 
standards,  which  do  not  specify  the  adhesive 
type,  are  totally  unsuitable  for  control  of 
product  mismanufacture  because  of  the  slow  na 
of  the  cyclic  procedures,  and  the  time  spent 
reconditioning  specimens  to  EMC  conditions. 
There  are   definite  needs  to  develop  rapid  wet 
tests  that  are  better  suited  for  control  of 
mismanufacture. 


Efforts  have  been  made  to  develop  such  r. 
quality  control  tests,  particularly  in  Canada 
Shen  (1977)  summarizes  the  work  on  developing 
proposed  rapid  accelerated-aging  test  for  ext 
waferboard  which  involved  the  -measurement  of 
torsion  shear  strength.  The  specimen  size  wa 
25  mm  x  25  mm  (1  in.  x  1  in.).  The  specimens 
were  boiled  for  20  minutes  before  cooling  in 
water  and  measured  wet  for  shear  strength  by 
torsion  technique.  These  torsion  shear  value 
were  shown  to  be  related  to  other  strength  pr 
ties  of  particleboards  (Shen  1971).  This  sys 
eliminated  the  bonding  of  gripping  blocks  to 
specimens  as  required  for  standard  internal  b 
tests,  reduced  the  size  of  specimens  and  the 
of  exposure,  and  made  it  possible  to  test  man. 
more  specimens  rapidly  and  accurately.  This 
procedure  has  not  been  incorporated  in  any 
standards  or  specifications  so  far  but  contin 
use  and  evaluation  should  demonstrate  its  ful 
potential  for  the  purpose  of  controlling  mism 
facture.  The  technique  has  been  applied  to  t 
evaluation  of  composite  panels  (veneer-overla 
core  boards)  with  encouraging  results  (Countr 
1979).  Continued  evaluation  of  wet  torsion  s 
tests  on  small  specimens  should  probably  be 
carried  out  on  boiled  specimens  and  also  thos^ 
subjected  to  vacuum-pressure  soaking,  as  sugg 
by  Clad  (1979). 
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The  need  for  a  number  of  different  tests  , 
designed  for  specific  purposes  has  also  been 
advocated  by  Gressel  (1980,  parts  1,  2,  3)  (A  1 
Gressel  carried  out  an  extensive  review  of  th 
problems  associated  with  evaluating  the  durab  li 
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J  particleboard,  and  carried  out  lengthy  and 
?:ensive  experimentation.  He  was  searching  for 
t  procedures  that  would  account  for  the  most 
ortant  degrading  mechanisms  acting  on  a  wood- 
aiesive  system  and  that  were  also  independent  of 
t^  type  of  adhesive  involved.  Results  from  the 
1  )oratory  testing  procedures  were  compared  with 

-  tise   from  weathering  exposures  where  samples 
ip,.,wj'e  exposed  for  as  long  as  9  years  to  direct 

"- Of.door  exposure,  and  also  to  protected  outdoor 
e)0sure  in  both  a  stressed  and  unstressed  condi- 
tm.  He  concluded  that  neither  the  outdoor 
Withering  tests  nor  a  simple  accelerated  test  in 
tr  laboratory  were  sufficient,  alone,  to  provide 
a  omprehensive  assessment  of  the  durability  of  a 

-  p.i'ticleboard  adhesive.  Gressel  suggested  that 
p'of  of  future  serviceability  could  be  estab- 

:  1  hed  by  use  of  four  laboratory  test  methods, 
.  d  pensing  with  outdoor  weathering  exposures.  He 
c.egorizes  these  test  procedures  as  being  of  two 

-  t;es:  performance  tests  which  permit  the  delib- 
ei^te  use  of  conditions  that  considerably  exceed 
tIse  found  in  the  expected  natural  environment, 

ii  suitability  tests  that  use  climatic  conditions 
,ttt  approximate  those  that  might  occur  in  service. 
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Each  test  is  designed  to  provide  a  certain 
e  of  information  relating  to  a  specific  degra- 
ion  mechanism.  None  of  these  tests  can  be 
acted  to  be  useful  for  control  of  mismanufac- 
e,  however. 


DESIGNING  FOR  DURABLE  BONDED-WOOD  ASSEMBLIES 

Another  approach  to  durability  evaluation  is 
luse  a  specified  series  of  tests  that  supply 
prtiiation  to  architects  or  design  engineers  for 
igning  safe  structures. 

Adhesives  have  been  used  in  truly  structural 
|lications  for  many  years.  A  design  strategy 

using  adhesives  in  such  applications  was  not 
'ded  since  joints  always  failed  with  high  wood 
lure.  The  properties  of  the  adherends  governed 
,  design,  and  the  adhesive  being  stronger  and 
e  durable  than  wood  provided  a  stress-transfer 
ction. 


In  recent  years,  adhesives  less  strong,  less 
table,  and  more  susceptible  to  creep  than  wood 
,f\d2   been  used  in  assembly  bonding  for  structural 
aplications.  Examples  are  the  use  of  elastomeric 
i'latic  adhesives  for  bonding  plywood  to  floor 
;csts  during  onsite  construction,  and  the  appli- 
caion  of  polyvinyl  acetate  adhesives  for  bonding 
pa'sls  in  mobile  homes  to  improve  racking  resist- 
-  are  during  over-the-road  transportation.  These 
•  dealopments  raised  new  concerns  about  the  use  of 
aCesives  in  structural  applications,  and  about 
he  new  assemblies  could  be  designed  with  adhe- 
:  si'ss  whose  properties  might  control  the  ultimate 
:  peformance  of  the  assembly. 

A  technique  for  determining  design  stresses 
fCj  bonded  joints  based  on  the  already  accepted 
flt'-inepod  for  developing  design  stresses  for  wood 
soiiwa  proposed  by  Lewis  (Gillespie  and  Lewis  1972). 
2.  Fo  wood,  the  values  for  the  mechanical  properties 
e*  ofkmall,  clear  wood  specimens  are   converted  to 


design  values  by  a  series  of  reduction  factors. 
These  adjust  the  clear  wood  situation  to  the 
real-life  situation  with  wood  having  grain  direc- 
tions, knots,  etc.  The  proposed  equation  for 
design  stress  of  adhesives  was: 


Design 
stress 


Mean 
stress 

Qual i ty 
X  control 
factor 


Variabil ity 
factor 


Exposure 
condition 
factor 


Duration  of 
load  factor 


Safety 
factor 


A  similar  equation  can  be  applied  to  shear 
modulus  data  to  provide  design  values  for  the 
anticipated  deformation  of  an  assembly. 

This  concept  was  adopted  and  expanded  by 
Krueger  (1981)  during  an  investigation  of  adhe- 
sives having  potential  for  bonding  structural 
elements  in  mobile  homes  or  industrialized  house 
manufacture.  Mechanical  properties  of  the  adhe- 
sives were  determined  in  shear  and  in  tension 
before  and  after  exposure  to  chemicals,  moisture, 
heat,  rodents,  and  microorganisms.  Data  were 
obtained  for  the  effects  of  loads  so  that  physical 
forces  were  evaluated  along  with  the  chemical 
effects  of  aging.  This  work  also  emphasized  that 
a  number  of  test  procedures  was  necessary  to 
characterize  an  adhesive' s  potential  for  long- 
term  performance  in  structural  applications.  It 
also  demonstrated  one  acceptable  method  for 
applying  these  data  in  situations  which  face 
design  engineers.  This  design  strategy  was 
applicable  to  adhesives  varying  widely  in  mechani- 
cal properties,  and  could  also  be  used  for 
primary  building  materials  containing  adhesives, 
bonded  joints,  and  bonded  assemblies. 


DEVELOPING  SHORT-TERM  ACCELERATED  TESTS 

Future  needs  for  accelerated-aging  tests 
might  be  met  by  yet  another  approach  to  procedure 
development  which  was  suggested  by  investigators 
at  the  National  Bureau  of  Standards. 

The  steps  normally  followed  to  develop  tests 
that  predict  the  durability  of  building  materials 
have  been  outlined  in  a  new  ASTM  Recommended 
Practice  (ASTM  E  632,  1978).  The  practice  lists 
the  degradation  factors  affecting  the  service 
life  of  building  materials  and  outlines  a  16-step 
procedure  for  developing  short-term  tests  that 
evaluate  these  influences.  The  objective  of  this 
practice  is  to  lead  to  greater  uniformity  in  the 
approaches  to  service  life  and  durability  predic- 
tions so  that  increased  confidence  in  the  predic- 
tions will  grow  through  its  use. 

The  rapid  developments  that  have  taken  place 
in  space  technology  have  emphasized -the  engi- 
neering concept  of  reliability  of  materials. 
These  concepts  are  based  upon  the  probability 
that  a  material  or  device  will  perform  as  intended 
under  the  planned  service  conditions  and  for  the 
expected  period  of  time.  Future  studies  dealing 
with  the  development  of  methods  to  predict 
durability  should  involve  the  questions  about 
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statistical  significances  of  observed  differences 
in  material  behavior,  and  also  they  should  be 
approached  from  the  statistical  viewpoint  of 
reliability  theory  (Frohnsdorff  and  Masters 
1980). 


CONCLUSIONS 

The  past  studies  of  the  durability  of 
building  components  and  materials  discussed  in 
this  paper  have  resulted  in  the  development  of  a 
wide  variety  of  test  procedures  and  practices. 
Many  of  these  procedures  are  misunderstood  and 
some  of  them  misused.  There  are  several  reasons 
why  such  a  situation  exists.  We  all  have  diffi- 
culty understanding  each  other  when  words  like 
durability,  weatherabil i ty,  serviceability, 
performance,  and  service  environments  mean  some- 
what different  things  to  different  investigators. 
This  condition  is  aggravated  further  upon  trans- 
lating the  meanings  of  vyords  from  one  language  to 
another.  Also,  investigators  have  different 
philosophies  of  approach  to  durability  assessment, 
ranging  from  those  who  insist  on  simulating 
service  conditions  without  exceeding  their  inten- 
sity to  those  who  are   willing  to  exaggerate  the 
levels  found  in  end-use  environments  well  beyond 
natural  conditions.  In  addition,  investigators 
often  overlook  the  historical  background  informa- 
tion pertinent  to  the  development  of  a  specific 
procedure.  This  information  may  not  be  readily 
available,  or  the  original  purpose  for  the 
development  may  be  obscure.  A  test  procedure  is 
often  borrowed  for  use  with  a  new  material  or  for 
a  new  purpose.  It  is  more  expedient  to  attempt 
such  a  transfer  of  technology  rather  than  develop 
new  methods. 

In  cases  where  new  standards  and  specifica- 
tions have  been  written  for  products  entering 
commercial  reality,  suitable  test  procedures  for 
control  of  mismanufacture  had  not  been  developed 
as  yet.  The  authors  of  such  documents  had  no 
alternative  but  to  fall  back  on  the  test  proce- 
dures used  during  product  development  as  the  only 
methods  in  which  a  reasonable  level  of  confidence 
could  be  generated  and  agreed  upon  by  producers, 
users,  and  the  general  interest  people  involved. 
The  development  of  suitable  quality  assurance 
tests  was  often  neglected.  Common  misunder- 
standing about  short-term  tests  for  product 
durability  became  further  compounded  by  misuse  of 
a  procedure  and  the  inevitable  misinterpretation 
of  results. 

There  is  a  need  for  several  different  tests 
to  clarify  all  the  questions  relating  the  new 
materials'  response  to  a  specified  end-use  situa- 
tion. There  is  a  continual  need  for  new  test 
procedures  developed  for  new  materials  and  for 
new  purposes  so  that  pertinent  durability  ques- 
tions can  be  answered  more  rapidly  and  accurately. 
There  is  a  particular  need  for  the  development  of 
new  quality  assurance  tests  to  reduce  the  possi- 
bility of  mismanufacturing  new  bonded  wood 
products.  There  is  a  need  to  apply  new  approaches 
such  as  those  based  upon  reliability  theory  so 
that  improved  predictions  can  be  made. 


An  improved  understanding  of  existing  test 
procedures,  a  reduction  in  conflicts  of  outlook, 
and  the  development  of  new  procedures  with  well- 
designed  purposes  based  upon  well-established 
fundamental  principles  will  provide  the  confiden.i 
needed  for  the  successful  development  and  use  of 
our  future  building  components  and  materials. 
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A-3  (FPL  1963) 

Adhesive  Durability  Exposures 

Continuous: 

Water  soak  --  room  temperature 

Condition  80° F  -  97%  RH 

Condition  80°F  -  65%  RH 

Condition  158°F  -  20%  RH 

Condition  158°F  -  60%  RH 

Condition  200°F  -  20%  RH 


A-4  (FPL  1963) 

Adhesive  Durability  Exposures 

Cycl ic : 

1.      Water  soak  --   room  temperature,   2 


Dry,    80°F 

2.  Condition 
Condition 

3.  Condition 
Condition 

4.  Condition 
Condition 


30%  RH,  12  days 

80°F  -  97%  RH,  2  weeks 

80°F  -  30%  RH,  2  weeks 

80°F  -  65%  RH,  16  hr. 

158°F  -  20%  RH,  8  hr. 

80°F  -  65%  RH,  16  hr. 

-20°F,  8  hr. 


days 


A-5  (PS-1  1974) 

Boil ,  4  hr. 

Dry,  63  ±  3°C  (145  ±  5°F)  ,  20  hr. 

Boil,  4  hr. 

Cool  in  water 

Test  wet 


A-6  (PS-1  1974) 

Submerge  in  cold  tap  water 
Vacuum,  25  in.  of  mercury,  30  min. 
Pressure,  65-70  psi ,  30  min. 
Release  pressure 
Test  wet 


-1  ASTM  D  1037) 
c';le 


A-7  (Raymond  1975) 
Composite  Panel 


jr.-  93°C,  3  hr. 
rece:  -12°C,  20  hr. 
na\   100°C,  3  hr. 
ore:  93°C,  3  hr. 
ry;  100°C,  18  hr. 

;p(t  6  times 

Bccdition  prior  to  test 


■  -2; 
Je'up,  Weber,  S  Weissberg  1941) 

„,:ry:|  65°C  (149°F),  3  hr. 
•  •  Dall  Room  temperature,  3  hr. 
reie:      -12°C  (10.4°F),  18  hr. 


APA,  1  in.  X  5  in.  specimen 
Water  soak  66°C  (150°F) 
Vacuum,  15  in.  of  mercury,  30  min. 
Dry:  49°C  (120°F),  6  hr. 
Measure  delamination  of  bondline 
Failure:  1/4  in.  deep,  1  in.  long 


A-8  (Baker  &  Gillespie,  1978;  River,  Gillespie, 
&  Baker  1981) 

Submerged  boiling  water,  10  min. 
Dry:   107°C  (225°F),  3.75  hr. 
Vacuum  pressure  soak,  1  hr. 
Dry:  82°C  (180°F),  23  hr. 


?pe!t  25  days,  or  600  hr. 


celli 


I 


1 
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A-5  (Beech  1973;  Beech,  Hudson,  Laidlaw, 

Pinion  1974) 
V-313--3  cycle 

^ater  soak,  20°C  (68°F),  3  days 
Freeze,  -12°C  (10°F),  1  day 
Dry,  70°C  (158°F),  3  days 
Condition  65%  RH 


A-10  (Lehmann  1968) 

Soak,  21°C  (70°F) 

Vacuum,  27  in.  mercury,  20  min. 

Boil ,  3  hr. 

Dry,  105°C  (220°F),  20  hr. 

6  cycles 


A- 11  (Lehmann  1968) 

Dry,  105°C  (221°F),  22  hr. 

Submersion  in  water  2rc  (70''F),  30  min. 

25-30  in.  of  mercury  vacuum 
Submersion  in  water  2rc  (70°F)  &  75  psi 

pressure,  60  min. 
5  cycles 
Conditioned  to  65%  RH 


A- 12  (ASTM  D  2898) 

Spray  water,    2rc   (70°F),   4  hr. 

Dry,   heat  lamps,   66°C   (150°F),   4  hr. 

Repeat  spray 

Repeat  dry 

Rest,  ambient  temperature,  3  hr. 


A-13  (DIN  6873,  1973) 

Soak,  1-2  hr. 
Boil ,  2  hr. 
Cool  in  water,  1  hr. 
Test  IB  wet 


Figure  1 .--Hypothetical  treatment  of  shear 
strength  data. 


A-14  (CSA  1978) 

Boil,  2  hr. 

Cool  in  water,  1  hr. 

Test  bending  strength  wet 


A-15  (Gressel  1980) 

Performance  Tests 

1.  Continuous  Boil  -  2,  6,  15  hr. 

2.  Cyclic  Soak-Dry,  V313,  ASTM  or  WCAMA,  1,3, 
5  cycles 

Suitabil ity  Tests 

1.  Cycle  Between  95%  and  65%  RH,  20°C  (68°F) 

2.  Creep  Cycles  Between  95%  and  25%  RH  20° C 
(68°F),  each  48  hr. ,  20  cycles  with  quarter- 
point  loads,  1/5,  1/4,  1/3,  and  1/2  mean 
ultimate  load 
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DURABILITY:  ITS  CONCEPTUALIZATION,  CONSEQUENCES,  AND  CHARACTERIZATIOnI^ 

2/ 
Jay  A.  Johnson- 


Abstract. --In  this  presentation  the  is 
panel  durability  is  viewed  from  an  overall 
use  requirements  should  be  related  to  qual i 
which  in  turn  should  be  related  to  process 
variables.  A  definition  of  durability  is  g 
eludes  identifying  failure  events,  agents, 
actions  responsible  for  material  breakdown 
time  as  a  measure  of  the  degree  of  degradat 
are  given  to  illustrate  a  few  points  and  a 
develop  a  quantitative  information  linkage 


sue  of  composite 
framework:  end- 
ty  control  tests 
and  raw  material 
iven  which  in- 
and  their  inter- 
and  the  use  of 
ion.   Examples 
plea  is  made  to 
system. 


INTRODUCTION 

Since  this  paper  is  part  of  a  wo 
ni  feel  compelled  to  follow  a  rigi 
fi 


ot 
ar 


mal  scientific  paper.  I  do  feel 
er,  to  let  the  reader  know  how  I 

![ring  my  thoughts  together  for  th 
n.  The  menu  of  topics  will  be  a 
lessage  of  the  paper;  (2)  definit 
al  discussion  of  durability;  (3) 
hts  on  an  overall  perspective;  ( 
les  of  how  to  characterize  durab 
and  finally;  (5)  I  will  summari 
p' a  for  an  integrated  approach  to 

(rabi 1 ity. 


MESSAGE 


rkshop,  I 
d  format  of 
compelled, 
am  going 
is  presen- 
s  follows: 
ion  and 

some 
4)  some 
ility  con- 
ze  and  make 
the  subject 


Consider  a  simplified  view  of  the  manufac- 
rig  process  of  a  wood  based  product  for  a  parti- 
Ic  end-use  (fig.  1).  The  material  flow  con- 
st of  assembling  the  raw  material  at  the  plant, 
ncng  this  raw  material  through  a  series  of  unit 
ertions  which  produces  a  final  product  and  this 
snt  out  to  satisfy  a  need.  The  ultimate 
n£i  pays,  up  front,  for  the  product  and  his 
pejtation  is  that  the  product  will  continue  to 
rtrm  its  function  thereafter.  The  customer  is 
paently  satisfied;  the  manufacturer  makes  a 
oft  and  all  is  right  with  the  world.  Right? 
or: 

To  make  sure  the  product  continues  to  perform 
s  unction  and  that  the  manufacturer  continues 
trke  a  profit,  there  is  a  need  for  an  infor- 
tin  flow  in  this  system.  The  information  flow 
na  segmented  into  four  parts  (fig.  1):  the 
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characterization  of  product  performance,  quality 
control,  process  control,  and  raw  material 
characterization.  It  is  important  to  recognize 
that  the  information  flow  is  counter-current  to 
the  material  flow.  One  needs  to  know  what  per- 
formance level  the  product  needs  to  satisfy  and 
for  how  long,  then  quality  procedures  are  required 
which  will  provide  indicators  for  future  perform- 
ance; they  will  distinguish  between  good  and  bad 
product.  If  bad  product  is  detected,  the  unit 
operations  must  be  adjusted  and  controlled  within 
acceptable  tolerances  to  rectify  the  problem. 
Changes  in  raw  material  characteristics  need  to 
be  monitored  and  their  contribution  to  product 
quality  understood  in  order  to  intelligently 
deal  with  adjustments  to  stop  making  poorer 
quality  product. 

The  durability  question  of  structural 
panels  is  but  one  of  the  many  performance  re- 
quirements which  must  satisfy  end-user  needs  and, 
consequently:  (this  is  the  message). 

There  is  a  need  for  an  information 
linkage  system  for  product  dura- 
bility which  will  connect  and  inte'^- 
relate  raw  material  characteristics, 
processing  variables  and  quality  con- 
trol tests  to  actual  end-use  service 
conditions, 

and  furthermore:   (this  is  a  mini-message). 

The  information  linkage  system  should 
be  as  quantitative  as  possible  with 
product  performance  being  the  focal 
point  of  the  system. 

DEFINITION  OF  DURABILITY 

A  number  of  definitions  of  durability  have 
been  given  at  this  workshop  and  I  will  probably 
duplicate  the  efforts  of  others,  but  nevertheless 
I  do  not  want  to  be  left  out  of  this  exercise. 
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The  reason  why  one  spends  time  defining  a  concept 
is  not  because  of  the  glory  and  acclaim  one  will 
receive  from  the  particular  pearls  of  wisdom 
which  will  be  written  down,  but  because  it  is 
basically  a  good  way  to  understand  the  nature  of 
the  problem. 

A  standard  gimmick  used  to  define  a  concept 
is  to  look  the  word  up  in  the  dictionary.  So 
let's  do  that.  (As  though  dictionary  editors  are 
experts  on  technical  concepts  such  as  durability.) 
What  you  find  is  something  like:  durability  has 
something  to  do  with  the  quality  of  being  durabla 
Isn't  that  helpful?  Reading  on  you  find:  it  is 
the  ability  to  last  in  spite  of  frequent  use. 
That's  better,  but  really  no  different  than  a 
common  sense  definition  that  my  brother  gave  me: 
a  durable  product  will  last  a  long  time.  So 
much  for  dictionaries. 

A  number  of  good  definitions  are  found  in 
an  ASTM  publication  dealing  with  durability  of 
building  materials  (Sereda  and  Litran  1980).  De- 
finitions emerge  from  the  papers  in  this  document 
like:   (1)  the  durability  of  a  material  is  its 
ability  to  resist  changes  of  its  state;  (2) 
durability  has  to  do  with  the  safe  performance 
of  a  structure  (or  a  portion  of  it)  for  its 
desired  life  expectancy;  or  (3)  durability  is 
a  complimentary  concept  of  reliability  which  is 
related  to  the  probability  of  the  successful 
operation  of  a  device  (or  product)  in  a  manner 
it  was  intended.  This  last  idea  is  neat  as  it 
opens  up  the  use  of  probability  mathematics  to 
help  characterize  durability. 

I  have  concluded,  after  dabbling  in  the 
literature  a  bit,  that  to  define  a  general  con- 
cept like  durability  is  not  easy.  Having  said 
that  I  am  going  to  try  anyway.  First,  however, 
I  will  start  with  a  TRUTH  which  I  claim  is  self- 
evident,  that  is: 

A  PRODUCT,  in  use,  will  be  subjected  to 
AGENTS  which  will  INTERACT  with  the 
MATERIALS  of  which  it  is  composed  and 
change  the  STATE  of  the  product  from 
one  form  to  another. 

A  general  definition  of  durability  follows  from 
this  truth: 


The 

DURABILITY  of 

a 

prodi 

jct  is 

an 

ATTRIBUTE 

related 

to 

the 

TIME 

taken 

for 

it  to 

DEGRADE 

to 

the 

point 

where 

it 

fails 

to  PERFORM 

its 

intended 

PURPOSE  or  FUNCTION. 

Specific  definitions  of  durability  can  be 
formulated  once  the  agents  have  been  identified, 
types  of  interactions  known  and  failure  events 
clearly  defined. 

A  list  of  degradation  factors  (agents)  has 
been  put  together  by  Frohnsdorff  and  Masters 
(1980)  which  include:  WEATHERING  (radiation, 
temperature,  water,  normal  air  constituents, 
air  contaiminants,  freeze-thaw  cycles,  and  wind), 
BIOLOGICAL  (micro-organisms,  fungi  and  bacteria). 
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STRESS  (sustained  and  periodic  loads),  INCOMPAII 
BILITY  (corrosion,  chemical  and  physical  degra- 
dation) and  USE  (normal  wear  and  tear,  abuse, 
faulty  design).  Obviously,  the  performance  of 
structural  wood  panels  would  be  influenced  heav i 
by  the  first  three  categories. 

For  a  given  situation,  such  as  panel  prodt 
at  the  job  site  being  subjected  to  driving  rair 
and  subsequently  being  dried  by  intense  radiati 
from  the  sun,  a  number  of  the  factors  may  be  ir 
volved  in  the  deterioration  of  the  product. 
These  factors  need  to  be  identified  for  a  specif 
definition  of  durability. 

The  interactions  of  the  agents  with  the 
material  is  usually  very  complex  and  difficult:: 
understand  theoretically,  consequently,  simulatii 
(weathering  tests)  or  "worse  case"  procedures 
(boil-dry-boil  cycles,  for  example)  are  used  tct 
assess  the  rate  of  deterioration  as  indicators ^i 
durability.  Methodologies  for  assessing  durabtl 
ity  generally  consist  of  performing  tests  on 
products  subjected  to  periodic  "loads"  of  a 
degradation  factor.  The  response  of  a  measurecet 
"indicator"  (strength,  appearance,  movement, 
etc.)  is  plotted  over  time. 
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Characterizing  the  responses  is  not  as 
straightforward  as  one  might  think.  Farhi  (198! 
discusses  four  types  of  behavior  which  conceiv-'^l 
ably  could  be  encountered  in  durability  studie?  ' 
(fig.  2).  Very  durable  products  are  ones  whicl" 
degrade  slowly  so  they  virtually  never  slip  bel )' 
the  threshold  of  acceptable  performance  (fig.  2i 
The  degradation  may  be  rapid  to  begin  with  but 
level  out  above  the  threshold  level;  hence,  the 
product  would  be  durable  but  would  show  signs  c' 
decay  (fig.  2b).  The  product  may  decay  past  tL' 
threshold  level,  but  at  least  have  a  limited  liFl 
expectancy  (fig.  2c).  Replacement  strategies 
would  be  important  hete  and  providing  the  degrc-| 
dation  was  not  rapid  a  safety  factor  concept 
would  be  employed.  The  behavior  which  would  be 
the  most  difficult  to  design  for  would  be  one  ^  i; 
which  the  degradation  rapidly  decelerates  at  a  ' 
particular  point  in  time  (fig.  2d). 

More  work  is  needed  in  this  area  to  under- 
stand the  "physics"  of  the  degradation  process^; 
By  doing  fundamental  studies,  insight  will  be 
gained  and  better  judgment  of  end-use  performar ; 
should  follow.  The  ingredients  for  dealing  wi1i 
the  interactions  then,  must  be:  INSIGHT,  UNDEl  • 
STANDING,  AND  JUDGMENT. 


Finally,  to  finish  up  this  section  on  def "  ■ 
nition,  there  is  a  need  to  be  more  specific  abc  i 
failure  events.  How  long  will  a  product  like  i 
structural  panel  "see"  a  certain  "load"  or  level 
of  a  degradation  factor? 


If  more  information  were  available  for  the 
frequency  of  the  "loads"  (degradation  factors) 
(i.e.,  rainfall,  wet/dry  cycles,  etc.)  then  pet-j 
haps  durability  could  be  handled  in  a  load/  t 
resistance  format.  This  is  shown  schematicall'  i 
in  figure  3.  A  safety  index  is  defined  once  tl^j 
durability  resistance  and  the  "load"  distribute! 
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characterized.  The  manufacturer  who  can  keep 
product  durability  resistance  distribution 
ght"  will  be  in  a  better  position  to  provide 
duct  performance  at  reduced  cost  or  greater 
fit. 


Another  question  related  to  defining  failure 
pridnts  that  might  be  worth  asking  is:  Are  uhere 
cific  sequences  of  events  which  must  be  satis- 
■jd  before  a  failure  will  occur?  This  type  of 
lysis  can  be  done  with  a  fault-tree  approach, 
t,  ;d,  for  example,  Henley  and  Kumamoto  (1981). 
nces  are  that  if  this  tool  were  used  to  ident- 
1  problems  in  durability  of  structural  panels, 
ley  of  the  sequences  of  events  leading  to  failure 
;cld  be  related  to  installation  problems  or  sim- 
il  misuse  of  products  for  certain  applications. 
7  use  of  a  fault-tree  diagram  has  been  used  to 
IS9SS  problems  related  to  fire  in  buildings. 


easiris 


PERSPECTIVES 

Some  time  ago  Stan  Suddarth  discussed  some 
3Cts  of  research  needs  in  light-frame  construc- 
Suddarth  1973).  He  mentioned  a  few  things 
nbarticular  about  durability;  i.e.,  moisture  is 
in  of  the  agents  of  importance  in  wood  product 
Juibility,  but  he  also  brought  up  a  few  points  of 
pneral  nature  that  I  think  are  worth  mentioning, 
e  me  paraphrase  a  few  pertinent  points: 

•  Consumers  lack  an  adequate  understanding 
of  the  behavior  of  wood  and  wood  products 
(widespread  misconceptions  exist  about 
wood ) . 

t  The  lack  of  adequate  performance  standards 
are  an  impediment  to  progress  in  light- 
frame  construction. 


res:' 


•  There  is  a  need  for  a  comprehensive 

design  methodology  (more  emphasis  on  "how 
to"  rather  than  "what  to"). 

t  Expected  potentials  might  be  gained  by 
introducing  probability  concepts  into 
design  procedures  since  inherent  varia- 
bility of  wood  and  wood  products  has 
penalized  their  utilization  potential. 

Although  there  has  been  some  progress  toward 
■eilving  some  of  the  deficiencies  pointed  out  by 
iti,  I  think  they  still  exist  today.  The  area 
if|lurability  of  various  wood  products  is  parti - 
:uirly  lacking  in  consumer  understanding  per- 
'oiance  standards  that  adequately  reflect  end-use 
.'einrements,  and  design  methodology  which  addres- 
iedurabil ity. 

What  can  be  done  about  changing  this  state 
jfiffairs?  Is  there  any  need  to  making  these 
:h.iges?  To  answer  these  questions,  consider  the 
Tolem  from  a  historical  perspective: 


Past 


•  Experience  served  as  a  guide. 


The  test  fence  served  as  a  simulation  of 
end-use  conditions;  subjective  judgment 
of  durability. 

Simple  test  methods  were  developed  (gener- 
ally of  the  boil-dry-boil  cycle  type); 
tests  easy  to  perform,  results  used  as 
indicators  of  durability;  useful  for 
comparisons. 

Basically  no  incentive  existed  to  develop 
more  of  a  theoretical  understanding. 


Present 

Uncertain  times:  Will  building  practices 
change  or  remain  the  same? 

New  generation  of  wood  products  emerging: 
waferboard,  OSB,  other  (?). 

Uncertainty  about:  long-term  performance; 
mismatch  in  end-use;  proper  application. 


Future 

•  If  no  drastic  change  in  product  usage, 
then  no  major  change  in  evaluation  of 
durabil ity. 

•  If,  however,  changes  do  occur  (fewer 
housing  starts,  more  discriminating  con- 
sumer, more  competition  from  non-wood 
materials),  then  there  may  be  an  incentive 
for  better  evaluation  procedures. 

•  Quality  may  become  an  issue  if  demand 
decreases;  less  emphasis  on  supply. 

•  Costs  can  be  lowered  by  being  more  effi- 
cient in  the  end-use  application. 

•  Insight  gained  by  understanding  phenomena 
leading  to  increased  durability  may  be 
beneficial  in  terms  of  spinning  off  new 
products. 

I  feel  things  will  change;  hence,  I  would  say 
there  is  a  need  to  do  things  different.  As  far  as 
"what  can  be  done?"  I  don't  have  any  specific 
answers.  The  approach  will  have  to  vary  from  one 
application  area  to  another  but  it  is  important 
that  a  central  group,  an  ASTM  committee  perhaps, 
serve  as  a  focusing  body  to  deal  with  the  problem 
from  an  overall  perspective. 


EXAMPLES 

To  be  more  specific  about  quantifying  dura- 
bility concepts,  let  me  present  a  few  examples. 
In  my  opinion,  there  are  two  broad  categories  of 
performance  requirements  for  building  materials: 
APPEARANCE  and  BEHAVIORAL.  The  first  example, 
buckling  of  medium  density  siding  (MDS),  involves 
an  appearance  requirement  for  acceptable  perform- 
ance, whereas  the  other  two  examples  that  I  have 
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selectecl--cyclic  moisture  testing  and  fracture 
mechanics  characterization  of  delaminations-- 
involve  mechanical  behavior. 


Buckling  of  MDS  Siding 

A  problem  encountered  with  MDS  in  the  field 
is  one  of  excessive  bowing  of  the  siding.  Water 
is  always  the  culprit.  Sometimes  excessive  rain 
is  associated  with  the  problem,  sometimes  an 
internal  source  of  water  is  implicated;  but 
moisture  wherever  it  comes  from,  elongates  the 
MDS  material  and  induces  a  compressive  load, 
since  the  siding  is  restrained  by  nails.   If  the 
load  reaches  a  critical  value,  the  MDS  "buckles"' 
or  deforms  laterally,  causing  an  unwanted  wavy 
appearance. 

Inspired  by  others  (Suchsland  1965,  Spalt 
and  Sutton  1968),  the  author  has  looked  into 
this  problem  from  a  theoretical  point  of  view  and 
found  that  for  a  strip  of  MDS  held  between  two 
fixed  positions,  but  whose  ends  are  free  to  ro- 
tate, the  outward  deflection  of  the  strip, 
immersed  in  water,  is  given  by: 


2i       \ 
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where  6  is  the  maximum  lateral  deflection,  t  is 
the  length  of  the  strip,  and  t  is  the  free  swel- 
ling strain  of  the  material  related  to  the  amount 
of  water  absorbed.  The  deflection  is  propor- 
tional to  the  square  root  of  the  difference  be- 
tween the  free  swelling  strain  and  the  critical 
strain,  tcr^  at  which  buckling  begins.   It  can 
be  shown  that  the  critical  strain  is  given  by: 


'cr 


M^)^ 


where  h  is  the  panel  thickness  thickness  and  k 
is  an  end  condition  constant. 

Using  twelve  commercially  available  MDS 
products,  the  deflection  of  strips  in  a  specially 
designed  apparatus  was  measured  and  the  results, 
as  shown  in  figure  4,  were  obtained.  Boards  with 
low  water  absorption,  and  hence  low  linear  expan- 
sion, had  smaller  deflections  but  the  interesting 
aspect  of  these  results  is  that  they  all  fall 
along  the  theoretical  prediction. 

Here  we  have  a  situation  where  the  appear- 
ance problem  is  related  to  water  absorption.  The 
"physics"  is  somewhat  complex  but  is  understood 
and  is  based  on  only  a  few  variables.  These  can 
be  manipulated  to  reduce  the  magnitude  of  the 
problem.  Basically,  one  can  make  the  product 
thicker,  reduce  the  linear  expansion  or  do  both. 

A  more  basic  problem,  however,  is  to  deter- 
mine how  much  reduction  is  necessary.  Since 
there  is  no  data  on  what  the  water  "load"  is  on 
the  MDS  in  the  field,  or  whether  it  is  externally 
or  internally  generated,  then  it  is  virtually 
impossible  to  know  how  to  design  the  product.  In 
fact,  for  certain  parts  of  the  country  the 


weather  conditions  may  make  it  impossible  to 
reduce  the  level  of  response  to  that  required 
for  adequate  "performance",  i.e.,  little  or  n 
waviness. 

This  example  illustrates  how  an  understan 
ing  of  a  problem  can  help  identify  the  import 
ingredients,  but  without  an  adequate  knowledge 
of  the  end-use  "loading"  requirements  only  a 
costly  "trial-and-error"  approach  can  be  taken 
lative  to  developing  higher  performance  produ 
The  end-use  side  is  not  well  understood  and  it 
this  aspect  of  the  problem  which  needs  work  be 
fore  a  rational  approach  to  the  problem  can  be 
developed. 


Cyclic  Loading 

When  designing  a  structure,  it  is  customat 
if  not  mandatory,  for  codes  to  use  "worse  case'^ 
loading,  i.e.,  the  largest  reasonable  forces  — 
snow,  wind,  etc. --which  will  act  on  the  unit 
over  its  lifetime.  For  wood  structures  a 
"duration  of  load"  factor  is  generally  applied! 
to  account  for  the  deterioration  of  strength 
due  to  these  constantly  imposed  stress  states. 
In  addition,  the  structure  also  "sees"  a  numberflm 
of  other  low  grade  cyclic  loads:  either  mecharr 
cal  or  others  (loads  due  to  shrinkage  and  swel 
ling  resulting  from  changes  in  temperature  and 
relative  humidity).  The  question  arises  as  to 
whether  or  not  they  can  significantly  deterioraj 
material  performance.  Historically,  overdesigno 
has,  by  and  large,  negated  any  problems  but  as 
new  materials  evolve  will  current  test  methods 
allow  for  optimization  and  still  maintain 
adequate  safety? 
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An  interesting  approach  involving  cyclic 
testing  was  taken  by  Okuma  et  al.  (1980)  in 
which  urea-melamine  particleboard  was  subjected^ 
to  cyclic  loading  (fig.  5).  Various  stress 
levels  were  used  with  Lhe  material  being  both 
wet  and  dry.  An  index  of  resistance  to  cylcic 
loading  was  developed  by  forming  a  ratio  betwee'? 
the  number  of  cycles  to  failure  in  the  wet 
condition  to  those  in  the  dry,  i.e. 

log  r  =  log  N  ,  -  log  N,   3 
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ndex  is  somewhat  arbitrary,  it 
cept  in  that  it  incorporates  a 
rs :  time  (or  cycles)  to  failure 
the  difference  between  wet  and 
Obviously,  this  is  useful  for 
poses,  but  more  importantly, 
this  type  can  conceivably  be 
ign  calculation.  As  a  matter  of 
rs  state  that  a  particleboard 
an  withstand  3x10^  cycles  could 
rs  as  this  is  roughly  the  number 
gs"  the  floor  will  receive  in  its 


The  use  of  cyclic  shrinkage  and  swelling 
loads  has  been  used  by  Caster  (1980)  to  evaluate' 
glue  bond  performance  relative  to  adhesive  use 
in  laminated  building  products.  An  automatic 
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)oil  test  ABT  was  developed  and  used  in  conjunc- 
;ion  with  adhesive  block  shear  strength  tests. 
n  this  test,  samples  are  immersed  in  boiling 
<ater  for  a  short  period  of  time,  lifted  out  and 
;ubsequently  dried  in  a  high  temperature  environ- 
lent.  The  whole  process  is  handled  automatically 
ind  at  various  times  (cycles)  the  samples  are 
emoved  and  tested. 

The  degradation  of  sheer  strength  for  vari- 
lus  adhesive  systems  is  shown  qualitatively  in 
igure  6.  The  results  are  plotted  as  percentage 
if  dry  strength.  Clearly,  within  a  few  cycles 
.he  strength  of  urea  systems  decays  to  nothing. 


Phenolic  systems  on  the  other  hand  decay 
lowly  and  actually  parallel  the  degradation  of 
iQod.  With  these  or  suitably  transformed  plots 
percent  strength  reduction  versus  log  cycles, 
ay),  a  slope  could  be  used  to  characterize  the 

aie'fegradation  resistance  of  the  system.  Corre- 

ating  these  degradation  indexes  with  end-use 

onditions  (test  fence  results,  for  example) 

ould  establish  a  link  between  laboratory  test 

esults  and  real  world  experience.  A  limited 

mount  of  data  has  been  collected  on  composite 

es.  [cards ,  shown  in  figure  7,  and  a  similar  pattern 
merges, 

ik 

«ei"    There  are  a  couple  of  difficulties  with  this 
pproach  which  need  to  be  pointed  out.  First, 
;fhen  one  looks  at  the  original  data  there  is 
lot  of  scatter.  Some  samples  simply  fall  apart 
fter  a  few  cycles  while  their  neighbors  "hang 
ough",  forever  (fig.  8a).  ■  It  sometimes  appears 
s}  hat  if  a  sample  gets  by  the  first  few  cycles, 
t  is  not  affected  as  much  by  the  succeeding 
ycles.  Because  of  this  problem  perhaps  a  better 
Say  to  analyze  the  results  of  these  tests  would 
le  to  plot  cumulutative  distributions  of  the 
(i|trengths  at  various  times.  Then  the  lower  5% 

ct?iJ|xclusion  limit  could  be  characterized  as  a 
function  of  the  number  of  cycles  (fig.  8b). 
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Second,  since  boiling  and  drying  in  a  hot 
nvironment  is  a  severe  treatment  which  will 
[ever  be  "seen"  by  the  structure  ("We  don't 
oil  houses")  one  might  ask  if  there  are  less 
rastic  types  of  moisture  loading  that  would  be 
ore  appropriate.  Controlled  humidity  cycles 
erhaps?  I  think  this  is  an  area  where  some 
nteresting  work  could  be  done  to  develop  new 
est  methodology  and  correlate  results  to  more 
'ealistic  loading  regimes. 


Fracture  Mechanics 

The  essential  idea  in  the  study  of  fracture 
s  that  energy  is  required  to  form  new  surface 
rea  and  that  "strong"  materials  are  those  which 
equire  a  good  deal  of  work  to  delaminate  them 
or  "tear  them  asunder").  Now,  anyone  who  has 
robed  a  piece  of  wood  composite  (particleboard, 
iberboard,  flakeboard,  etc.)  knows  that  the 
ensile  strength,  perpendicular  to  the  surface, 
s  very  low  and  very  variable.  It  should  come 
s  no  surprise  that  the  ubiquitous  "IB"  (internal 
ond)  test,  used  by  us  practioners  of  performance 


evaluation,  has  associated  with  its  highly  vari- 
able results.  This  is  due  to  the  inherent 
HETEROGENEITY  of  the  material  we  are  evaluating. 
I  think  it  is  time  we  start  incorporating  this 
aspect  into  our  testing  methodology. 

In  figure  9,  a  schematic  diagram  is  shown  of 
a  conceptual  fracture  specimen  and  hypothetical 
results.  Using  the  load  record  and  position  of 
the  crack  tip  it  should  be  possible  to  determine 
fracture  toughness  at  each  point  along  the  crack 
path.  Instead  of  recording  one  measure  of  aver- 
age performance  per  specimen  (which  is  done  in 
the  IB  test),  a  large  amount  of  data  could  be 
obta'ined  from  one  sample  which  then  could  be  used 
to  characterize  the  non-uniformity  of  the  materi- 
al. The  obvious  implications  to  regulating  prod- 
uct performance  consistency  would  follow  if  this  •• 
type  of  information  were  available. 

Some  work  has  been  done  in  this  area  by 
Wilson  and  his  students  at  Oregon  State  Univer- 
sity and  Kyanka,  Perkins  and  students  at  Syra- 
cuse University.  This  also  is  a  fruitful  area 
for  research  particularly,  I  think,  when  combined 
with  cyclic  loading  either  fatigue  (mechanical) 
or  cyclic  shrinkage  and  swelling  (moisture). 
Delamination  of  the  newer  structural  composites 
(waferboard,  oriented  strand  boards  (OSB),  etc.) 
is  a  durability  concern  and  a  fracture  mechanics 
approach  could  provide  considerable  insight  to 
the  reasons  why  delaminations  occur. 
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Figure  2. --Types  of  behavior  which  could  be  encountered  in  durability  studies 
according  to  Farhi  (198). 
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igure  3. --Concept  of  safety  index  based  on  load 
and  resistance  distributions. 


Figure  4. --Buckling  of  MDS  strips  (12  manufac- 
turers) as  a  function  of  the  difference  between 
free  swelling  strain  and  the  critical  buckling 
strain. 
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Figure  5. --Results  of  cyclic  bending  tests  on 
urea-malamine  particleboard  (redrawn  from: 
Okuma  et  al .    1980). 
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Figure  6. --Reduction  in  shear  as  a  function  of 
automatic  boil  test  (ABT)  cycles  (redrawn  frco| 
Caster  1980). 
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Figure  7. --Strength  reduction  of  wood  composite  materials  as  a  function  of  ABT 
cycles   (schematic  representation  from  Caster,   private  communication). 
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Figure  8. --Difficulty  of  analyzing  durability  results  and  a  possible  solution. 
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Figure  9. --The  use  of  fracture  mechanics  to  characterize  delamination  resistance. 
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ANALYSIS  OF  THE  DIMENSIONAL  STABILITY  OF  WOOD  BASED  COMPOSITES-'' 


R.  C.  Tang,  E.  W.  Price  and  C.  C.  Chen 
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Abstract.  A  three-dimensional 
of  predicting  the  hygroscopic  expans 
ed  wood  composite  materials  under  ch 
been  developed.  The  model  is  based 
ana  the  theory  of  laminated  plates, 
compared  to  experimentally  measured 
veneer-faced  composite  board  under  e 
conditions.  The  comparison  shows  th 
be  accurately  predicted  by  the  model 
demonstrates  that  the  distributions 
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INTRODUCTION 

Wood-based  composites  such  as  plywood, 
■akeboard,  and  veneer-faced  composite  board,  like 
:lid  wood,  are  hygroscopic  and  dimensional ly  un- 
:,able  when  exposed  to  humid  environments.   In 
:me  instances,  severe  effects  such  as  warp  and 
(lamination  can  be  developed  which  seriously  re- 
I  ce  the  strength  and  durability.  Therefore,  the 
iderstanding  of  the  physical  nature  of  wood-based 
imposites  under  changing  environments  is  very  im- 
I rtant  to  the  wood  products  industries  for  improv- 

9  the  panel  dimensional  stability.  Furthermore, 
will  provide  useful  information  to  structural 

gineers  for  building  design. 

The  effects  of  density,  particle  configuration 
rticle  alignment,  resin  contents,  pressing  con- 
tions,  and  environmental  conditions  on  the  di- 
nsional  stability  of  wood  coposite  boards  were 
tensively  investigated  by  many  wood  scientists 
ech  (1975),  Chen  and  Tang  (1982),  Heebink  and 
fty  (1969),  Heebink  et.  al .  (1964),  Lehmann  and 
fty  (1973),  and  Price  and  Lehmann  (1978).  Due 
the  anisotropic  and  heterogenuous  nature  of  wood 
terials,  the  interrelationship  between  the  dimen- 
onal  stability  of  wood-based  composites  and  the 
ysical  nature  of  their  major  components  is  still 
t  conclusively  defined. 
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The  theory  of  dimensional  stability  of  wood- 
based  composite  boards  was  proposed  by  Heebink  et 
al .  (1964).  A  mathematical  model  based  on  this 
theory  was  used  to  predict  the  linear  expansion  of 
plywood  from  oven-dry  to  water-soaked.  The  pre- 
dicted values  of  linear  expansion  were  approximate- 
ly 20  percent  higher  than  observed  data.  Recently, 
an  improved  model  was  developed  by  Tabbott  et  al . 
(1979).  Although  this  model  yields  better  agree- 
ment with  experimental  results  for  plywood,  the 
prediction  on  veneer-faced  composite  board  are 
approximately  50  percent  higher  than  those  of 
observed  data.  Furthermore,  all  of  their  analyses 
were  limited  to  one-dimensional  models.  Therefore, 
the  combined  effects  of  dimensional  changes  in 
three  orthogonal  directions  on  the  distribution  of 
swelling  stress,  induced  by  the  moisture  changes, 
and  the  total  deformation  in  the  wood  composite 
board  were  not  fully  understood. 

In  this  study,  a  three-dimensional  mathematical 
model  capable  of  predicting  the  hygroscopic  changes 
as  well  as  the  swelling  stresses,  which  occur  in 
layered  wood  composite  board  under  changing  en- 
vironments, was  developed.  This  model  is  based  on 
the  theory  of  elasticity  (Lekhnitskii  ,  1963),  the 
theory  of  laminated  plates  (Ashton  and  Whitney, 
1970),  and  the  approaches  used  in  the  analysis  of 
elastic  behavior  of  cell  wall  (Tang  and  Hsu,  1973) 
and  the  drying  stresses  in  wood  (Hsu  and  Tang,  1975) 
The  predicted  values  are  compared  to  experimentally 
measured  dimensional  changes  in  veneer-faced  compo- 
site board  under  elevated  relative  humidity  condi- 
tions. In  addition,  the  method  for  calculating  the 
hygroscopical ly  induced  swelling  stresses  was 
discussed. 
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MATHEMATICAL  ANALYSIS 

Consider  a  laminated  three-layer  wood  composite 
element  referenced  in  a  rectangular  Cartesin  co- 
ordinate system  as  shown  in  figure  1.  This  element 
consists  of  two  face  layers  of  equal  thickness  and 
physical  properties,  and  the  core  layer  of  a  dif- 
ferent thickness  and  different  physical  properties. 
It  is  assumed  that  no  residual  stresses  were  left 
in  each  layer  due  to  the  processes  of  drying  and 
pressing,  and  the  moisture  is  uniformly  distributed 
within  each  layer  when  the  element  was  equilibrated 
with  the  surrounding  environments.  However,  all 
layers,  being  bonded  together,  can  not  swell  or 
shrink  freely  during  the  moisture  changing  period. 
Thus,  shear  stresses  were  developed  at  the  con- 
tact surfaces  of  each  layer.  Schematical  diagrams 
of  such  dimensional  changes  as  well  as  the  dis- 
tribution of  shear  stresses  occurring  at  the 
contact  surface  in  each  layer  are  presented  in 
figures  2  and  3,  respectively. 

Physically,  the  shear  stresses,  a.      and  a  .  , 
are  mainly  concentrated  near  the  edge  of  the  Yayer 
and  must  vanish  at  the  edge  because  a   .    and  a  . 
are   equal  to  zero  at  the  edge  of  the  ^rement.^ 
Hence,  the  shear  stress  a^     can  be  approximately 
replaced  by  a  concentrated  shear  force. 


'L/2 


0 


a^^dl   =  P/2 


(1) 


which  is  acting  on  the  edge  of  core  layer  as  a 
compressive  force  (fig.  4b)  and  on  the  face  layer 
as  a  tensile  force  (fig.  4a)  in  the  length  direc- 
tion. Similarly,  in  the  width  direction,  we  have 


•W/2 
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°tw^^  =  Q/2 


;2) 


Then,  the  correspondent  stress  components  in  each 
layer  can  be  expressed  in  terms  of  these  forces  as 

0,,  =  -P/(HE^J(UE^^)(l-2S)WT, 

%c   =  -Q/(1+E^^)(UE^^)(1-2S)LT, 

0,,  =  P/2(UE^^)(UE^^)SWT, 

a^^  =  Q/2(1  +  E^,^)(1+E^^)SLT,  (3) 

wnere  a.,  are  the  swelling  stresses;  E..  are  the 
measured'^unrestrained  linear  expansionMf  the 
layer,  and  subscript  i  denotes  the  direction  ( f , 
w,t)  whereas  j  is  the  index  for  the  layer  (f:face, 
c:core);  L,  IJ,  and  T  are  the  length,  width,  and 
thickness  of  the  laminated  composite  element,  res- 
pectively; S  is  the  fraction  referred  to  the  face 
thickness  to  the  total  thickness  of  the  element. 

According  to  the  theory  of  anisotropic 
elasticity  (Lekhniskii-,  1963),  the  strain  in 
the  core  layer,  due  to  the  moisture  changes, 
can  be  expressed  in  a  tensor  form  as 
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and  for  the  face  layer,  we  have 
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where  E..  are  the  measured  modulus  of  elasticitj 
of  the  layer  and  i  designates  the  direction  {,w.. 
and  t,  and  j  denotes  the  layer,  face  and  core,  c 
U-.  •(i,k  =  .?,w,t)  are  the  measured  Poisson's  rat 
a^a^i  f   k. 

By  applying  the  theory  of  laminated  plates   | 
(Ashton  and  Whitney,  1970),  the  unit  linear  ex-  | 
pansion  in  z,vj,   and  t  directions  can  be  written 
the  form  as 

E„  =  E„  +E  (1+E,  )  =  E„.+E  .(1+E„.), 
a         ic     ic         ic  f,f  £f    if' 

E  =  E  +e   (1+E  )  =  E  .+£  .(1+E  ^), 
w    wc  wc    wc     wf  wf    wf 


.2e^^(HE^^)S, 
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respectively.  Substitution  of  equations  3-5  intj| 
these  equations  yields 

E„  =  E 


'ec 
+  (E 


wf 


-  Ewc)^^lG2  -  ^W^/^' 


J1G3; 


E   +  K,{  E  , 
wc    3   ?f 


^J^'h^    -   ¥3) 


+  (E 


wf 


^c)(¥2 


^3G^)}/G, 


he    (^  -  2S)  -   2SE^,  + 


:p/wt) 


{u„^  /E  (1+E   )  -  u  ^JE    .(1  +  E  .)}  +  (Q/LT' 
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where 


K^    =  (1  +   E^^)/(l    +   E^^)(1-2S)T, 

K^   =  (1  +   E^^)/2ST   (1    +   E^^) 

K3=  (1  +E^^)/(1    +E^^)(1-2S)T, 

K4   =  (1  +   E^^)/2ST(1    +   E^f), 
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G3  =  M3  K3  +  M^  K^, 


h' 


N4  K4, 


G  -  Gp  G3  -  G-j  G, , 

Q  =  {(E  .  -  E„  )  G,  +  (E  ^ 
^    ^  £f    lie'   3   ^  wf 
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From  these  equations,  the  hygroscopic  linear 
i;pansion  of  layered  wood  composites  can  be  calcu- 
Jted  provided  that  the  engineering  constants  of 

;s  components  as  aforementioned  are  available. 

I  demonstrate  the  validity  of  the  developed 
ithematical  model,  experiments  on  the  determina- 

on  of  the  linear  expansion  and  the  thickness 
:felling  of  a  1/2-inch-thick  veneer-faced  composite 
liard,  consisting  of  two  equal  thickness  (1/8 
)ches)  southern  pine  veneer  as  face  layer  and  a 
U-inch-thick  randomly  oriented  sweetgum  flake- 
iard  as  core  layer,  were  performed.  Two  groups 
I  board  were  involved,  one  was  pre-conditioned 
instantly  under  65%  relative  humidity  (RH)  while 

e  other  group  was  treated  with  a  cycling  RH  (35%- 

,j-35%).  Thereafter,  both  groups  were  conditioned 

d  equilibrated  at  75°F  and  RH  levels  of  35%, 
,  75%  and  95%  consecutively  and  measurements 

re  made  at  each  RH  level.  The  collected  data 
<e  tabulated  in  table  1  (Chen  and  Tang,  1982). 
Ised  on  these  analysis,  the  theoretically  calcu- 
'  ted  linear  expansions  and  thickness  swellings  as 
(mpared  with  the  experimentally  measured  data  are 
'lustrated  in  figures  5  and  5. 


DISCUSSIONS  AND  REMARKS 

It  can  be  seen  from  figure  5  that  the 
eoretically  predicted  values  of  linear  expansion 
r  a  veneer-faced  composite  board  are  in  fair 
reement  with  the  experimental  results  (app.  20 
rcent  off).  Such  a  small  discrepany  is  probably 
e  to  the  lacking  of  reliable  experimental  data 
certain  elastic  constants  of  the  components  as 
dicated  in  table  1,  especially,  the  modulus  of 
■asticity  of  veneer  in  the  cross-grain  direction. 
'Rwever,  these  estimated  constants  are  less  impor- 
tjnt  in  the  theoretical  determination  of  hygro- 
sopic  expansion  in  the  thickness  direction. 
Terefore,  the  prediction  in  thickness  swelling, 
ai  shown  in  figure  6,  is  very  accurate  as  compared 
hith  observed  values.  It  is  believed  that  the 
aai lability  of  more  reliable  elastic  constants 
cj  components  will  improve  the  accuracy  of  the 


developed  mathematical  model  for  predicting  the 
dimensional  stability  of  layered  wood  composite 
boards.  Furthermore,  once  the  components  of 
hygroscopic  changes  are  determined,  then  by  apply- 
ing the  theory  of  orthotropic  elasticity,  the  dis- 
tribution of  swelling  stresses  can  be  calculated 
provided  that  the  engineering  constants  of  the 
board  are  known.  The  analysis  in  this  regard  is 
being  conducted  and  details  will  be  presented  in 
a  separate  report. 
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Table  1.  Experimental  data  of  Elastic  Constants  and  Free  Linear 
Expansion  of  the  Components  of  Veneer-faced  Composite  Board* 
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Reference  3;  p  ,  and  u  ,  data  of  flakeboard  are  estimated  from  the  sweetgum  ucoa;  the  E's  perpendicult 
to-grain,  of  veneer  we'Pe  adjusted  from  the  measurement  of  unidirectional  ly  laminated  plywood;  and  linec( 
expansion  data  were  calculated  based  on  35%  RH  initial  condition. 
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Figure  1.--A  three-layer  laminated  element. 
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igure  2. --Schematic  diagram  of  the  dimensional 
changes  in  li  and  t-direction  of  a  three- 
layered  wood  composite  eelment  due  to  moisture 
changes. 
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Figure  3. --Schematic  diagram  of  the  distribution 
of  the  shear  stresses  occurred  at  the  contact 
surfaces  in  the  £  direction. 
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Figure  4. --Schematic  diagram  of  forces  develooed 
in  the  layers  due  to  the  moisture  changes. 
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Figure   5. --Predicted  and  measured  linear  expansion  of  veneer- 
faced  composite  board. 
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Figure  6. --Predicted  and  measured  thickness  swelling  of 
veneer-faced  composite  board. 
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EFFECT  OF  FLAKE-CUTTING  PATTERNS  AND  RESIN  CONTENTS  ON  DIMENSIONAL 

CHANGES  OF  FLAKEBOARD  UNDER  CYCLIC  HYGROSCOPIC  TREATMENTI/ 

R.  C.  Tang,  C.  Y.  Hse,  and  Z.  J.  Zhou^/ 


Abstract. — Dimensional  stability  and  internal  bond 
strength  of  flakeboards  made  with  the  combination  of  three 
factors  were  evaluated  under  the  cyclic  ovendry  (OD)  and 
vacuum-pressure-soaking  (VPS)  treatment.  The  factors  con- 
sidered were  species  (sweetgum,  white  oak,  and  red  oak),  flake 
types  based  on  anatomical  flake  characteristics  (LT,  LR,  TL, 
TR,  RL,  and  RT  for  longitudinal,  tangential,  and  radial 
directions),  and  resin  contents  (3,  5,  and  7%).     Linear 
expansion  (LE)  and  thickness  swelling  (TS)  values  were 
significantly  affected  by  the  six  flake  cutting  modes.  The 
lowest  LE  was  observed  in  the  boards  composed  of  flakes  with 
flake-length  direction  parallel  to  the  longitudinal  direction 
of  wood  (RL  and  TL  flakes).  The  low  TS  was  observed  in  boards 
with  RT  and  TR  flakes.  The  resin  content  had  a  substantial 
effect  on  the  TS  boards  made  with  LT,  LR,  TL,  and  RL  flakes. 
The  resin  content,  also  effected  the  internal  bond  strength  in 
all  board  types. 
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EXPERIMENTAL  PROCEDURE 


In  the  South,  many  of  the  structural 
eterior  flakeboards  are  manufactured  from  mixed 
hrdwood  species.  These  species,  oaks  in  par- 
t;ular,  are   difficult  to  glue  and  yield  less 
sable  panels  (Hse  1975).  Since  the  hardwood 
vlume  consists  of  a  large  percentage  of  the 
o<s,  the  durability  and  dimensional  stability  of 
piels  made  with  a  large  percentage  of  oak  species 


To  evaluate  the  anisotropic  effect  and  resin 
content  on  dimensional  stability  of  flakeboards, 
panels  were  fabricated  with  species,  resin  con- 
tent, and  flake  cutting  pattern  combinations. 
Variables  considered  were: 


oak 


1.  Species:  Sweetgum,  red  oak,  and  white 
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2.  Resin  content:  3,  5,  and  7  percent 
liquid,  phenol-formaldehyde  based  on  oven-dry 
weight  of  flakes 

3.  Flake  cutting  patterns:  6  patterns 
(fig.  1)  cut  from  blocks  3/8"  by  3" 
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Cutting  direction    Flake  Pat t ern 

Wi dth- length  TTh ickness) 


Tangential  (T) 
Radial  (R) 

Longitudinal  (L) 
Radial 

Tangential 
Longitudinal 


LT  (R) 
LR  (T) 

TL  (R) 
TR  (L) 

RT  (L) 
RL  (T) 


Each  combination  of  these  variables  were 
replicated  8  times  requiring  a  total  of  324 
panels  to  be  fabricated  (i.e.,  3  species  x  3 
resin  contents  x  5  flake  cutting  patterns  x  5 
panel  replications).  The  flakes,  cut  on  a 
laboratory  disk  flaker,  were  approximately  3 
inches  long,  0.02-inch  thick,  and  3/8-inch  wide 
and  dried  to  3  percent  moisture  content  before 
adhesive  was  applied. 


Panel  fabrication  conditions  were: 

Panel  size:   1/2"  x  18"  x  22" 
Panel  density;  Sweetgum  panels  - 
panels  -  45  pcf 
Hot  p-ess  temperature:  340OF 
Press  time:  6  minutes  (1-1/2  min. 
4-1/2  min.  closed.) 


40  pcf,  and  oak 


to  stop  plus 
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times,  only  six  boards  were  us 
results  reported  in  the  manusc 
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tensile  strength  perpendicular 
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for  the  measurement  of  dimensi 
This  procedure  resulted  in  24 
sional  stability  samples  per  v 
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The  IB  values  were  obtained  from  specimens 
at  approximately  6%  moisture  content  while  dimen- 
sional stability  values  were  obtained  after  one 
cycle  of  an  ovendry-vacuum-pressure-soaking 
treatment  (OD-VPS).   The  OD-VPS  treatment 
involved  (1)  drying  at  2120F  for  72  hours,  (2) 
soaking  in  water  for  15  hours,  (3)  vacuum  in 
25-inches  of  mercury  for  one  hour  and  then  placed 
under  75  psi  pressure  (submerged  under  water  at 
room  temperature)  for  2  hours,  and  (4)  continuous 
watersoaking  for  12  hours  without  pressure. 
Linear  expansion  (LE)  and  thickness  swelling 
(TS),  measured  with  a  specially  designed  device 
(fig.  2),  were  calculated  based  on  the  change  of 
dimensions  from  00  condition  to  the  end  of  the 
OD-VPS  cycle. 


RESULTS  AND  DISCUSSIONS 

Average  of  LE,  TS,  and  IB  of  the  tested 
specimens  are  summarized  in  table  1. 


Linear  expansion  (LE):  The  average  LE  ranges 
per  three  species  are: 

Sweetgum:  0.09  to  7.57  percent 
Red  oak:  0.18  to  4.51  percent 
White  oak:  0.12  to  5.83  percent 

The  effect  of  flake  cutting  patterns  on  t: 
LE  is  plotted  in  figure  3.  As  expected,  the  ' 
boards  composed  of  RT  flakes  consistently 
resulted  in  the  highest  LE  and  followed  in  a 
decreasing  order  of  TR,  LT-LR,  and  TL-RL  flake 
with  the  exception  of  TR  flakes  of  sweetgum. 
LT-LR  and  TL-RL  flakes  were  grouped  together 
because  there  was  no  signficant  difference  in 
between  these  two  flake  cutting  patterns,  resp 
tively.  The  LE  changes  for  these  flakeboards 
closely  parallel  the  uneven  dimensional  change 
for  wood  along  the  three  orthogonal  structural 
directions  (FPL  1960,  1972).  As  evident  in 
figure  3,  the  low  LE  is  associated  with  flakes 
having  flake  length  direction  parallel  to  the 
longitudinal  direction  of  wood,  the  medium  LE 
associated  with  flakes  having  their  flake  widt 
direction  parallel  to  the  longitudinal  directi 

In  general,  as  the  resin  content  increase?! 
the  LE  decreased  (fig.  4).  This  relationship 
true  for  panels  fabricated  with  RT,  TR,  LT,  anm 
LR  flakes  for  all  species.  The  exceptions  wern 
at  the  higher  resin  content,  5  to  7  percent,  ffi 
RT  flakes  of  red  oak  and  LT  flakes  of  sweetgumn 
For  TL  and  RL  flakes,  LE  was  not  affected  by  tit 
resin  content. 

Thickness  swell  (TS):  The  average  TS  ranged 
from  6%  to  76%.  For  individual  species,  the 
TS  averages  are: 


Sweetgum:  9.1 
Red  oak:  6.0 
White  oak:  9.7 


to  47.8  percent 
to  49. 1  percent 
to  75.5  percent 

In  figure  5,  the  effects  of  flake  type  on 
are  presented.  The  substantially  lower  TS  sh 
in  panels  made  of  RT  and  TR  flakes  were  due  t 
the  fact  that  the  flake  thickness  is  parallel 
the  longitudinal  direction  of  wood.  However, 
when  the  flake  thickness  direction  was  in  the 
radial  wood  direction  (LT  and  TL),  a  large  TS 
difference  was  obtained  between  the  two  flake 
types.  The  possible  explanation  for  the  resu 
may  be  that  the  LT  flakes  have  a  tendency  to 
warp  more  than  TL  flakes  due  to  the  anatomica 
structure. 


It 


As  was  experienced  with  LE,  as  the  resin  coi 
tent  increased  the  TS  decreased  (fig.  6).  How- 
ever a  much  larger  TS  decrease  occurred  as  resi i 
content  increased  from  3  to  5  percent  as  compar! 
to  resin  content  increased  from  5  tc  7  percent. 

Comparing  species,  white  oak  flakes  con- 
sistently resulted  in  the  greatest  TS  followed  . 
sweetgum  and  then  red  oak  at  the  3  and  5%  resin 
content  (fig.  7).  For  the  7%  resin  content, 
sweetgum  often  had  the  highest  TS  and  red  oak  t( 
least.  Therefore,  for  this  study  a  red  oak  pan 
always  yielded  the  smallest  amount  of  TS. 
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ternal  bond  strength  (IB):  Ranges  of  average 


for  the  three  species  are: 


Sweetgum: 
Red  oak: 
White  oak: 


46  to  288  psi 
37  to  217  psi 
13  to  68  psi 


The  effects  of  resin  content  on  IB  are  shown 
figure  8.  As  expected,  the  IB  increased  as 
le  resin  content  increased.   However,  the  IB  for 
lite  oak  at  7  percent  resin  content  was  less  than 
*^'He  IB  of  red  oak  or  sweetgum  at  3  percent  resin 
■intent.  The  extremely  low  IB  for  most  white  oak 
[  Fakeboards  was  partly  due  to  their  low  panel  den- 
sty.  As  given  in  table  1,  the  panel  density  of 
^^lyite  oak  flakeboards  ranged  from  38.7  to  49.6 
^5]f.  The  average  panel  density,  44.9  pcf,  is  much 
ss  than  48.1  pcf  minimum  white  oak  panel  density 
r  70  psi  in  IB  as  determined  in  a  previous  study 
;e  1975). 


ril: 


In  figure  9,  the  effects  of  flake  type  on  IB 
presented.  Surprisingly,  the  boards  made  of 
and  TR  flakes  of  sweetgum  and  red  oak  showed 
-y  high  IB  in  comparison  with  other  type  flakes. 
;  results  indicate  that  the  boards  with  a  high 
or  low  TS  may  have  a  high  IB  and  further  exami- 
;ions  using  Scanning  Electron  Microscopy  to 
ntify  this  phenomenon  are  underway. 

SUMMARY 


The  low  LE  occurred  in  the  flakeboards  having 
Ike  length  parallel  to  the  longitudinal  direc- 
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to 
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tion  of  wood,  the  medium  LE  developed  in  these 
with  flakes  having  flake  width  aligned  with  the 
longitudinal  direction  of  wood  and  the  high  LE 
recorded  in  these  with  flakes  having  flake  thick- 
ness coincided  with  the  longitudinal  direction  of 
wood. 

2.  LE  decreased  as  resin  content  increased  but 
the  effectiveness  of  high  resin  content  was  not 
pronounced  in  the  boards  with  TL  and  RL  flakes. 

3.  High  TS  was  observed  for  boards  with  flakes 
having  their  thickness  direction  in  either  radial 
or  tangential  direction  of  wood  while  the  low 

TS  occurred  only  on  these  with  flakes  having 
thickness  direction  parallel  to  the  longitudi- 
nal direction  of  wood. 

4.  Increasing  the  resin  content  substantially 
decreased  the  TS  in  all  types  of  specimens. 
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WOOD  BLOCK 


FLAKE    CUTTING 
BLOCK 


/\ 


z: 


^7 


< FLAKES 


TL 


RL 


TR 


LR 


RT 


LT 


igure  1. --Methods  of  flake  preparation.  L,  T,  and  R  denote  the  longitudinal,  tancential,  and  radial 
direction,  respectively.  The  first  character  designates  the  width^direction  of  flake  whereas  the 
second  character  is  for  the  length  direction. 
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Fiqure  2. --Optical  linear  micrometer  showinq 

two  microscopes,  dial  qaae,  and  snecimen  on 

stage  with  knobs  for  lateral  x-y  stage  move- 
ment. 
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W  =  WHITE  OAK 
R  =  RED  OAK 

S  =  SWEETGUM 


W 


WRS 

nn 


RT  TR         LT-LR     TL-RL 

FLAKE    TYPE 

Figure  3. --Effect  of  flake  type  on  linear  expansion  of  flakeboarl 
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Figure  6. --Variations  of  thickness  swelling  of  different  flake  types  as  affected  by  resin  content. 
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DURABILITY  AS  AFFECTED  BY  RESIN  TYPE-' 

2/3/ 
James  B.  Wi 1  son- - 


1/ 


Abstract. --The  durability  of  particleboard  and  wafer- 
board  was  examined  to  determine  the  effect  of  resin  type. 
The  types  of  resin  examined  were  urea-formaldehyde,  phenol - 
formaldehyde,  emulsifiable  polymeric  isocyanate,  and  poly- 
meric isocyanate.  To  measure  durability  the  boards  were 
subjected  to  three  different  tests  which  reportedly  relate 
to  durability;  these  are  the  2-hour  boil,  30  to  90  percent 
relative  humidity  change,  and  long-term  loading.  These 
tests  allowed  us  to  examine  strength  retention,  dimensional 
stability  and  creep. 


INTRODUCTION 

The  use  of  wood  composition  board  for  exterior 
ajolications  has  increased  tremendously  in  recent 
yars,  and  its  continued  expansion  into  these  mar- 
kts  appears  even  more  likely.  Composition  boards 
sch  as  waferboard,  oriented  strand  board,  medium 
dnsity  fiberboard,  hardboard  and  particleboard 
hye  found  increasing  acceptance  in  home  construc- 
tbn  for  use  as  wall  and  roof  sheathing,  siding, 
dbking,  and  roofing.  Exterior  applications  range 
fpm  fully  exposed  uses  such  as  medium  density 
fJDerboard  roof  shingles  and  waferboard  siding  to 
pbtected  uses  such  as  particleboard  underlayment 
ad  decking  and  waferboard  wall  sheathing.  Thus, 
tsse  products  are  subject  to  a  wide  range  of 
evironmental  regimes.  A  demand  has  been  placed 
uon  these  materials  to  perform  for  a  long  time 
wlhout  significant  deterioration.  As  a  result, 
vi' are  interested  in  durability,  in  particular  the 
drability  of  the  wood-adhesive  bond. 

j  Durability  for  materials  in  general  are  con- 
SfJered  in  regards  to  their  ability  to  resist 
wathering,  abrasion,  creep,  stress  rupture,  and 
fitigue.  For  most  of  the  exterior  uses  of  compo- 
spion  board  these  products  are  most  likely  to 
fil  in  weathering  (due  to  internal  stress  caused 
b  dimensional  changes),  creep,  or  stress  rupture. 

The  durability  of  the  wood-adhesive  bond,  which 
i  integral  to  the  overall  performance  of  the  prod- 
ut,  can  be  assessed  in  terms  of  its  mechanical 
ad  chemical  stability,  hygroscopicity,  and  creep. 
Tb  objective  of  this  study  is  to  assess  the  dura- 
bility performance  of  particleboard  and  waferboard 
a'  a  function  of  the  type  and  amount  of  resin. 
Te  types  of  resin  examined  were  urea-formaldehyde 
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(UF),  phenol -formaldehyde  (PF),  emulsifiable  poly- 
meric isocyanate  (EMDI),  and  polymeric  isocyanate 
(PMDI). 


MATERIALS  AND  METHODS 

The  study  variables  selected  to  evaluate  the 
type  and  amount  of  resin  were  as  follows: 

•  board  type      particleboard  and  wafer- 

board 

•  resin  type      UF,  PF,  EMDI,  and  PMDI 

•  resin  level      2,  4,  6,  and  8";  solids 

basis  for  particleboard 
1  and  2-1/2%  solids  basis 
of  liquid  resin  for  wafer- 
board. 

Boards,  0.5  by  18  by  18  inches,  were  fabri- 
cated at  a  density  of  40  pcf  in  the  laboratory 
using  commercial  resins  and  Douglas-fir  wood  fur- 
nish. Two  furnish  types,  particles  and  wafers, 
yielded  two  panel  types.  The  particles  for  the 
particleboard  were  obtained  from  a  local  particle- 
board manufacturer,  whereas,  the  wafers  (0.025  by 
2  by  2  inches)  were  generated  on  a  laboratory  disk 
flaker.  The  moisture  content  of  the  furnish  was 
suitably  adjusted  prior  to  resin  and  wax  appli- 
cation so  that  the  moisture  content  of  the  mat 
into  the  press  was  10  percent.  Wax  in  an  emulsion 
was  applied  at  0.25  percent  to  the  particles  and 
1.0  percent  to  the  wafers.  All  resins  and  wax 
were  applied  in  a  rotary  drum  blender  using  an  air 
spray  gun.  The  mats  were  pressed  at  sufficient 
temperature  and  duration  to  cure  the  individual 
adhesives. 

To  examine  durability  of  the  various 
resin/board  types  the  following  tests  and  measure- 
ments were  made.  These  tests  allow  us  to  examine 
strength  retention,  dimensional  stability,  creep, 
and  possibly  stress  rupture. 
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Test 


Measurements 


•  2-hour  boil      MOR,  MOR  retention,  TS,  WG 

(four  repetitions) 

•  30-90%  RH        LE,  TS,  WG  (four  repetitions) 

•  Creep  Deflection  (two  repetitions) 

where  MOR  is  modulus  of  rupture  (psi) 
TS  is  thickness  swelling  (X) 
WG  is  weight  gain  (%) 
LE  is  linear  expansion  (%) 
RH  is  relative  humidity  {%,) 

The  2-hour  boil  test  was  done  on  specimens 
3  by  16  inches  according  to  CSA  0.188.0M  (1978) 
for  accelerated  aging,  which  consists  of  a  2-hour 
boil  followed  by  a  1-hour  cold  soak  at  70°F,  and 
tested  wet.  The  control  and  30-90%  RH  designated 
specimens,  also  3  by  16  inches  were  (1)  condi- 
tioned at  30  percent  RH  and  90°F  for  three  weeks, 
(2)  measured  and  weighed,  (3)  conditioned  at  90 
percent  RH  and  90°F  for  three  weeks,  then  (4) 
remeasured.  The  LE,  TS,  and  WG  were  calculated 
based  on  the  30%  RH  values. 

The  creep  test  specimens,  1  by  16  inch,  were 
center  point  loaded  at  40  percent  of  the  MOR, 
obtained  from  matched  samples.  The  specimens 
were  conditioned  and  tested  at  65%  RH  and  70  F 
over  a  13-inch  span  for  four  months.  Relative 
creep  for  each  specimen  was  determined  by  dividing 
the  increase  in  beam  deflection  by  the  initial 
deflection. 

RESULTS  AND  DISCUSSION 

Results  of  2-hour  boil,  30-90  percent  RH 
change,  and  creep  tests  are  discussed  individually 
below.  Values  of  internal  bond,  modulus  of  rup- 
ture, and  modulus  of  elasticity  for  all  boards 
are  found  in  table  1.  Since  boards  bonded  with 
either  EMDI  or  PMDI  behaved  similarly,  only  EMDI 
results  are  discussed. 


Two-Hour  Boil 

The  MOR  of  particleboard  is  significantly 
greater  for  isocyanate  bonded  boards  than  pheno- 
lic. The  two  resin  systems  yielded  comparable 
board  properties  when  subjected  to  a  2-hour  boil 
and  tested  wet  (fig.  1).  The  phenolic  bonded 
boards,  however,  had  a  higher  MOR  retention  than 
the  isocyanate  bonded  boards  (fig.  2).  This  is 
important  where  product  specifications  require 
that  a  product  maintain  a  given  percentage  of  MOR 
retention  to  meet  commercial  standards.  Whereas, 
had  the  specimens  been  dried  after  the  2-hour 
boil,  the  isocyanate  bonded  boards  would  have 
appeared  to  be  better  than  the  phenolic  bonded 
boards.  This  is  the  case  where  a  test  can  preju- 
dice a  specific  resin,  whereas,  this  may  not  be 
the  case  in  field  performance.  None  of  the  urea- 


formaldehyde  bonded  boards  survived  intact  the 
2-hour  boil  test. 

Thickness  swelling  is  much  less  for  the  iso- 
cyanate bonded  boards  than  for  the  phenolic 
bonded  boards  (fig.  3).  This  phenomenon  possibly 
results  from  the  isocyanate  chemically  bonding  to 
the  hydroxyl  sites  in  the  wood  making  them  una- 
vailable to  absorb  water  molecules.  This,  a 
lesser  amount  of  water  absorbed  results  in  less 
thickness  swelling.  This  was  shown  to  be  the 
case  for  this  study.  , 

Trends  that  occurred  with  these  resins  as 
binders  for  particleboard,  also  occurred  when 
these  binders  were  used  for  waferboard  (fig.  4). 
The  resin  levels  of  1  and  2-1/2%  liquid  phenolic 
used  in  this  study  for  waferboard  are  lower  than 
the  5%  normally  required  to  meet  commercial 
standards. 


30  to  90%  RH  Change 

The  isocyanate  bonded  boards  absorbed  less 
water  in  the  2-hour  boil  test  and  also  absorbed 
less  for  an  increase  in  RH  (table  2).  Thus,  as 
shown  in  figure  5,  thickness  swelling  was  least 
for  isocyanate  resin.  The  urea  and  phenolic 
bonded  boards  were  similar  and  had  the  highest 
thickness  swelling.  Linear  expansion  was  essen- 
tially the  same  for  all  resins  in  the  commercial 
application  range  of  4  to  8  percent  (fig.  6). 
For  lower  resin  contents,  however,  isocyanate  had 
the  least  LE. 


Creep 

Particleboards  exhibited  similar  creep  prop- 
erties at  the  6  percent  level  for  isocyanates  and 
urea  binders;  with  phenolic  bonded  boards  exhi- 
biting somewhat  greater  creep  (fig.  7).  It  is 
worthwhile  to  recall  that  at  the  same  resin  levels 
the  isocyanate  bonded  boards  are  much  stronger 
than  phenolics,  therefore,  the  applied  loads  (40 
percent  of  MOR  in  figure  7)  are  much  larger  for 
isocyanates  than  for  phenolics.  Thus,  on  a  rela- 
tive deflection  basis  the  isocyanate  resins  can 
be  considered  even  more  impressive.  Similarly, 
for  waferboard  at  the  2-1/2  percent  resin  content, 
isocyanate  had  less  creep  than  PF  resin  (fig.  8). 


CONCLUSIONS 

The  durability  of  particleboard  and  wafer- 
board  bonded  with  several  resin  types  was  assessed 
by  tests  of  2-hour  boil,  30  to  90  percent  RH 
change,  and  creep.  Several  conclusions  can  be 
made  as  to  the  durability  of  particleboard  and 
waferboard  bonded  with  either  isocyanates,  urea- 
formaldehyde,  or  phenol -formaldehyde  adhesives. 

When  subjected  to  the  2-hour  boil  test: 

•  Urea-formaldehyde  bonded  boards  do  not 
survive 


L- 
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t  Isocyanate  bonded  boards  have  a  higher 
MOR  at  lower  resin  contents 

t  Isocyanate  bonded  boards  have  less  TS 
and  WG 

•  Phenolic  bonded  boards  have  the  highest 
percentage  of  retained  MOR  when  tested 
wet 

sre  a  30  to  90%  RH  change: 

•  Isocyanate  bonded  boards  are  dimen- 
sional ly  more  stable 

•  Isocyanate  bonded  boards  absorb  less 
water  than  either  urea  or  phenolic 
bonded  boards 


For  a  long-term  load: 

•  At  the  6  percent  resin  level,  phenolic 
bonded  particleboards  have  slightly  more 
relative  deflection  (creep)  than  iso- 
cyanate and  urea  bonded  boards. 

•  All  particleboards  made  of  the  8  percent 
resin  level  behaved  similarly. 

t  For  waferboard  at  a  low  resin  level  of 
2-1/2%,  the  isocyanate  bonded  boards  have 
less  creep. 
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T^le  1 .--Mechanical  properties  of  all  particle- 
ooard  and  waferboard  for  various  resin  types 
and  levels 
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Table  2. --Water  absorption  in  terms  of  weight 
gain  for  particleboard  subjected  to  2-hour 
boil  and  to  30  to  90  percent  RH  change 


Resin 


Type 


Water  absorption 
2-hour  boil   30-90%  RH 


■%- 


Particleboard 


E3I 


)I 


i  1 


EOI 


1 
21/2 

1 
21/2 


115.0 
161.1 
185.9 
249.0 


1947 
2199 
2408 
2632 


50.8 
102.7 

8.2 
30.3 


4464 
5800 

2238 
4141 


390,215 
426,581 
461,863 
469,391 


2 

106.0 

1747 

392,541 

4 

168.4 

2006 

413,810 

6 

226.4 

2490 

468,023 

8 

245.5 

2634 

479,363 

2 

33.7 

1034 

229,182 

4 

95.2 

1676 

265,927 

6 

135.0 

2055 

318,924 

8 

175.3 

2262 

393,622 

2 

73.1 

1536 

293,187 

4 

117.9 

1950 

338,624 

6 

154.9 

2213 

369,915 

8 

178.0 

2219 

375,940 

Waferboc 

rd 

852,443 
925,130 

578,368 
692,320 


EMDI 


PF 


UF 


2 

115.4 

12.5 

4 

68.0 

12.1 

6 

60.5 

12.6 

8 

49.1 

11.2 

2- 

146.4 

15.1 

4 

110.1 

14.4 

6 

99.0 

15.6 

8 

105.1 

16.8 

2 

12.9 
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12.8 

6 

12.8 

8 

11.8 
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Figure  1. --Effect  of  resin  level  and  resin  type 
on  modulus  of  rupture  for  particleboard 
subjected  to  a  2-hour  boil  and  tested  wet. 
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Figure  3. --Thickness  swelling  of  particleboard 
after  a  2-hour  boil--effect  of  resin  level   anc 
type. 
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Figure  2. --Modulus  of  rupture  retained  after 
particleboard  was  tested  in  2-hour  boil-- 
effect  of  resin  level   and  type. 


Figure  4. --Modulus  of  rupture  and  retention  after 
2-hour  boil   for  waferboard--effect  of  resin 
level   and  tyoe. 
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Figure  7. --Creep  in  terms  of  relative  deflection 
for  particleboard  made  with  6%   resin  and 
loaded  at  40%. 
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ure  6. --Creep  in  terms  of  relative  deflection 
for  particleboard  made  with  6%  resin  and 
loaded  at  40%. 


Figure  8. --Creep  in  terms  of  relative  deflection 
for  waferboard  made  with  2-1/2%  resin  and 
loaded  at  40%  of  MOR. 
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EFFECT  OF  RESIN  ALKALINITY  ON  DIMENSIONAL  STABILITY  OF  HARDWOOD  FLAKEBOARDSly 

C.  Y.  Hsely 


Abstract. --Hardwood  flakeboards  were  prepared  from 
sweetgum,  red  oak,  and  white  oak  with  10  Jiquid  phenolic 
resins.  The  phenolic  resins  were  formulated  with  four  molar 
ratios  (0.4,  0.6,  0.8,  and  1.0)  of  sodium  hydroxide  (NaOH  to 
phenol).  The  ten  resin  formulations  were  obtained  by  adding 
the  NaOH  at  two  different  times,  one  during  resin  prepara- 
tion and  one  prior  to  resin  application,  and  by  varying  the 
amount  of  NaOH  applied  at  each  addition  time.  The  best 
dimensional  properties  were  obtained  with  the  resin  for- 
mulated with  0.2  moles  of  NaOH  applied  during  resin  prepara- 
tion plus  0.6  moles  of  NaOH  added  just  prior  to  resin 
application.  For  sweetgum  flakeboards,  the  internal  bond 
increased  as  total  NaOH  content  of  the  resin  increased.  The 
maximum  internal  bond  for  the  oak  flakeboards  occurred  with 
0.8  mole  of  NaOH  in  the  resin. 


INTRODUCTION 


Liquid  phenolic  resins 
:in  of  exterior  grade  har 
jSfilly  catalyzed  with  an  a 
;gierally  NaOH).  The  alka 
5bain  an  optimum  degree  of 
a  iscosity  as  possible  whi 
;oid  content.  By  varying 
an  the  method  of  alkali  ad 
Df  phenolic  resins  can  be 
.aDuth  1967,  Hse  1972).  I 
alalinity  (pH)  usually  ran 
pecent. 


used  in  the  produc- 
dwood  flakeboard  are 
Ikaline  catalyst 
li  base  is  used  to 

condensation  at  as  low 
le  maintaining  a  high 
the  amount  of  catalyst 
dition,  a  wide  variety 
produced  (Redfern  1951, 
n  liquid  resin  the 
ges  between  4  and  10 


Several  hardwood  species  are  utilized  in  the 
deelopment  of  hardwood  flakeboard  in  the  South. 
Th  bonding  properties  and  dimensional  stability 
hee  been  found  to  vary  significantly  among  the 
hadwood  species  (Hse  1971).  Since  dimensional 
stbility  appears  to  be  a  major  concern  for  panel 
peformance,  this  study  was  designed  to  establish 
tt"  influence  of  alkaline  catalysts  on  dimensional 
stbility. 

EXPERIMENTAL  PROCEDURE 

Rjiin  Preparation 

All  liquid  phenol-formaldehyde  resins  (table 
l;were  replicated  once  and  prepared  with  the  fol- 
l<ing  formulation  variables: 
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1.  Molar  ratio  of  NaOH  to  phenol  -  0.4, 
0.6,  0.8,  and  1.0. 

2.  Method  of  NaOH  addition  -  NaOH  was 
added  as  a  catalyst  in  two  portions  as  follows: 

a.  The  first  portion,  0.2  to  0.8 
mole  of  NaOH  per  mole  of  phenol,  was  added  to 
promote  the  resin  reaction  to  the  Gardner-Holdt 
viscosity  of  T-U  (=^590  centipoise).  To  minimize 
the  converting  of  formaldehyde  to  formic  acid, 
the  NaOH  was  added  to  the  reaction  mixture  in 
three  equal  parts  at  30-minute  intervals. 

b.  The  second  portion  of  NaOH,  another 
0.2  to  0.8  moles  of  NaOH  per  mole  of  phenol,  was 
added  to  the  resin  prior  to  the  application  of 
the  resin  to  reduce  the  resin  viscosity  to 
Gardner-Holdt  viscosity  of  H  (=200  centipoise). 

To  prepare  each  resin,  all  of  the  phenol, 
formaldehyde,  and  water  was  placed  in  a  reaction 
kettle.  The  first  portion  of  NaOH  was  added  in 
three  steps  at  30-minute  intervals.  To  initiate 
the  reaction,  the  mixture  was  quickly  heated  and 
maintained  at  96°  to  100°C  (reflux  temperature). 
When  the  viscosity  of  the  mixture  reached  a 
Gardner-Holdt  viscosity  of  R,  the  temperature  in 
the  kettle  was  reduced  to  80°C.  When  the 
Gardner-Holdt  viscosity  reached  T-U,  the  reac- 
tion was  terminated  by  rapidly  cooling  the  mix- 
ture to  24°C.  After  cooling,  each  resin  was  then 
treated  with  the  second  portion  of  NaOH.  This 
second  addition  helped  to  reduce  the  viscosity  to 
the  range  suitable  for  spraying  application 
(i.e.,  approximately  between  Gardner-Holdt 
viscosity  of  F  and  I). 
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Panel  Preparation 

All  panels  were  prepared  in  the  laboratory 
with  flakes  about  3  inches  long,  0.02  inches 
thick,  and  variable  in  width.  The  flakes  were 
cut  from  a  shaping- lathe  headrig  and  dried  to  an 
average  moisture  content  of  3  percent  before 
adhesive  was  added.  General  conditions  for  panel 
preparation  were: 

Panel  size:  1/2  x  22  x  40  inches 

Panel  density:  Sweetgum  panel  -  42  lbs/ft^ 
White  and  red  oak  panels  - 
45  lbs/ft3 

Resin  content:  Resin  solid  equaled  6  per- 
cent of  the  oven-dry  weight 
of  the  wood  furnish 

Hot  press  temperature:  350°F 

Hot  press  time:  6  minutes 

Press  closing  time:  45  seconds  to  stop 

Number  of  replications:  2 

Samp  1  in g  and  Testing 

Boards  were  trimmed  to  18-  by  36-inch  panels 
before  cutting  into  six  2-  by  18-inch  pieces  and 
seven  3-  by  18-inch  pieces.  Each  2-  by  18-inch 
piece  was  then  cut  to  yield  three  2-  by  2-inch 
samples  to  test  for  tensile  strength  perpendicular 
to  the  face  (internal  bond),  and  one  2-  by  11-inch 
sample  for  dimensional  stability  measurements 
after  vacuum-pressure  soak.  The  3-  by  18-inch 
pieces  were  reserved  for  dimensional  stability 
testing  under  humidity  cycle  test  conditions. 

The  vacuum-pressure-soak  test  consisted  of 
soaking  specimens  in  water  under  vacuum  (25  inches 
Hg)  for  1  hour  and  then  under  85  psi  pressure  (at 
room  temperature)  for  2  hours.  Length  and 
thickness  were  measured  before  and  after  soaking 
with  a  linear  micrometer. 


RESULTS 

Average  linear  expansion  (LE),  thickness 
swell  (TS),  and  internal  bond  strength  (IB)  of  the 
flakeboards  are   summarized  in  table  2. 

Linear  Expansion  (LE) 

The  white  oak  flakeboards  consistently 
resulted  in  higher  average  LE  and  were  followed  in 
decreasing  order  by  red  oak  flakeboards  and 
sweetgum  flakeboards. 

Figure  1  shows  the  general  trend  that  LE 
decreased  slightly  as  NaOH  content  increased  from 
0.4  to  0.8  moles.  Thereafter,  the  LE  increased  as 
NaOH  content  increased  to  1.0.   For  sweetgum  flake 
boards,  only  a  small  difference  existed  in  LE  as 
NaOH  content  level  varied. 


The  effects  of  method  of  NaOH  addition  on  I 
are  shown  in  figure  2.  Averaging  across  all  sp  ■ 
cies,  the  resins,  in  decreasing  order  of  linear 
stability  were  ranked  from  1  to  10.  The  best 
resin  was  prepared  with  0.2  moles  of  NaOH  in  re 
preparation  followed  by  addition  of  0.6  moles  o 
NaOH  prior  to  the  resin  application.  The  0.2 
moles  of  NaOH  in  resin  preparation  followed  by 
addition  of  0.2  moles  of  NaOH  prior  to  applica- 
tion resulted  in  the  poorest  linear  stability. 

At  total  NaOH  content  of  0.6,  0.8,  and  1.0, 
the  addition  of  0.2  moles  of  NaOH  in  resin  pre- 
paration consistently  resulted  in  more  stable 
panels  than  when  0.2  moles  of  NaOH  was  the  con- 
centration added  prior  to  resin  application  (i.e 
0.2  +  0.4  vs.  0.4  +  0.2;  0.2  +  0.6  vs.  0.6  +  0.2 
and  0.2  +  0.8  vs.  0.8  +  0.2). 

Thickness  Swell  (TS )_ 

Figure  3  illustrates  the  influence  of  total 
NaOH  content  on  TS.  As  in  LE,  the  white  oak  fla 
boards  consistently  resulted  in  higher  TS 
regardless  of  NaOH  concentration,  followed  by  re 
oak  and  sweetgum  flakeboards.  hJI| 

The  TS  decreased  slightly  as  total  NaOH  con- 
tent increased  for  red  and  white  oak  flakeboards 
However,  for  sweetgum  panels,  the  change  in  TS 
with  variations  in  NaOH  content  was  not  signifi- 
cant (fig.  3). 

As  shown  in  figure  4,  the  TS  varied  substan- 
tially with  various  methods  of  NaOH  addition. 
Based  on  the  average  TS  of  the  three  species,  th( 
resins  were  ranked  from  1  to  10  in  decreasing 
order  of  thickness  stability.  Resins  that  yielde 
the  best  LE  stability  (i.e.,  0.2  +  0.6)  and  worst 
LE  stability  (i.e.,  0.2  +  0.2)  also  resulted  in 
the  best  and  worst  TS  stability. 

As  in  LE,  within  each  total  NaOH  content,  th 
resins  prepared  with  0.2  moles  of  NaOH  added 
during  resin  preparation  were  superior  to  the 
resins  that  had  0.2  moles  of  NaOH  added  just  prio 
to  resin  application. 

Internal  Bond  (IB) 


The  influence  of  resin  alkalinity  on  interna 
bond  strength  is  shown  in  figure  5.  In  sweetgum 
flakeboards,  the  average  IB  increased  as  total 
NaOH  content  increased  (fig.  5),  while  in  both  re( 
and  white  oak  flakeboards,  the  0.8  moles  of  NaOH 
consistently  resulted  in  the  highest  average  IB 
which  decreased  with  1.0,  0.4,  and  0.6  moles  of 
total  NaOH  content. 

Figure  6  illustrates  the  effects  of  method  of 
NaOH  addition  on  IB.  Based  on  the  average  IB  of 
three  species,  the  resins  were  ranked  from  1  to  10 
in  decreasing  order  of  IB  strength.  The  resin 
prepared  with  0.6  moles  of  NaOH  in  resin  prepara- 
tion, followed  by  addition  of  0.4  moles  of  NaOH 
prior  to  the  resin  application,  yielded  the  highes 
average  IB  strength.  However,  the  resin  prepared 
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V th  0.4  moles  of  NaOH  in  resin  preparation  and 
illowed  by  addition  of  0.2  moles  of  NaOH  prior 
1  resin  application  resulted  in  the  lowest  IB 

: rength. 


DISCUSSION 

Although  none  of  the  resins  formulated  in  the 
iudy  yielded  both  the  maximum  IB  strength  and  the 
nst  stable  panels  dimensional  ly,  several  resins 
<e  considered  to  be  good  candidates  for  further 
iprovement.  Table  3  summarizes  the  top  three 
rnking  phenolic  resins,  respectively,  in  terms  of 
(Creasing  LE  and  TS  stability  and  IB  strength. 

Thus,  to  obtain  the  most  stable  panels  with 
fiiximum  IB  strength,  it  appears  that  the  optimum 
ringe  for  resin  formulation  may  be  as  follows: 

1.  Total  NaOH  content  —  0.8  to  1.0  mole 

2.  NaOH  addition  in  resin  cooking  —  0.  2  to 
0.4  moles 

3.  NaOH  addition  prior  to  resin  application 
--  0.4  to  0.6  moles 

Although  NaOH  addition  prior  to  resin  appli- 
ction  is  not  a  common  practice  in  manufacturing 


standard  phenolic  resin,  it  does  improve  bonding 
quality  of  hardwood  flakeboard.  Additional  work 
is  in  process  to  determine  if  other  catalyst 
systems  or  cooking  procedures  can  further  improve 
the  bonding  properties  of  phenolic  resins.  Among 
other  things,  optimization  of  average  molecular 
weight  (at  fixed-resin  viscosity)  and  optimiza- 
tion of  methylol  content  -  molecular  weight  ratio 
dre   under  study  to  develop  a  resin  with  maximum 
stability  and  reactivity. 
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Table  1. — Variations  in  concentration  of  NaOH  for  10  resins 


Total  NaOH 
content 


Method  of  NaOH  addition 


moles 

0.4 
0.6 
0.8 
1.0 


-mole  NaOH/mole  phenol- 


0.2  +  0.2^ 
0.4  +  0.2 
0.6  +  0.2 
0.8  +  0.2 


0.2  +  0.4 
0.4  +  0.4 
0.6  +  0.4 


0.2 
0.4 


0.6 
0.6 


0.2  +  0. 


*The  first  number  is  the  portion  of  NaOH  added  during  resin  preparation; 
the  second  number  is  the  portion  of  NaOH  added  just  prior  to  resin  application. 
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Table  2  —  Dimensional  stability  and  internal  bond  strength  of  hardwood  flakeboard 


Method 
of  NaOH 

Ra 
of 

nking 
linear 

Species 

Sweetgum 

Red  oak 

Wh 

i te  oak 

Molar  ratio 

NaOH/Phenol 

addi tionl/ 

stabi  lity 

IBi/ 

LE 

TS 

IB 

LE 

TS 

IB 

LE 

TS 

(mole) 

Psi 

--percent-- 

211 

— percent — 

Psi 

— percent-- 

0.4 

0.2 

+  0.2 

10 

52 

0.174 

24.8 

89 

0.342 

38.1 

59 

0.376 

43.8 

0.6 

0.4 

+  0.2 

8 

76 

0.186 

24.2 

67 

0.332 

32.2 

36 

0.353 

43.4 

0.8 

0.6 

+  0.2 

7 

64 

0.196 

26.8 

142 

0.301 

31.0 

90 

0.352 

40.6 

1.0 

0.8 

+  0.2 

9 

85 

0.180 

24.6 

76 

0.341 

28.4 

69 

0.360 

42.7 

0.6 

0.2 

+  0.4 

6 

69 

0.172 

23.2 

93 

0.280 

27.4 

61 

0.349 

32.6 

0.8 

0.2 

+  0.6 

1 

89 

0.141 

22.9 

132 

0.282 

23.2 

90 

0.322 

30.2 

1.0 

0.2 

+  0.8 

4 

87 

0.162 

22.0 

103 

0.277 

25.1 

77 

0.346 

30.3 

0.8 

0.4 

+  0.4 

3 

68 

0.146 

22.4 

92 

0.284 

23.7 

76 

0.351 

37.3.1 

1.0 

0.6 

+  0.4 

5 

81 

0.162 

24.6 

139 

0.294 

27.9 

124 

0.340 

34.0* 

1.0 

0.4 

+  0.6 

2 

73 

0.156 

24.4 

114 

0.289 

25.2 

80 

0.324 

32. < 

) 

lypirst  number  indicates  the  number  of  moles  of  NaOH  added  to  react  the  r eTiTT  tcTTf scos i  ty  T-U ." '  ThF 
second  number  indicates  the  number  of  moles  of  NaOH  added  prior  to  resin  application. 
lyiB  =  internal  bond  strength;  LE  =  linear  expansion;  TS  =  thickness  swelling. 


Table  3. --Top  three  resin  formulations  for  the  LE,  TS,  and  IbV 


Ranking^/    LE 


TS 


1  0.2  +  0.6 

2  0.4  +  0.6 

3  0.4  +  0.4 


0.2  +  0.6 
0.2  +  0.8 
0.4  +  0.6 


n 


0.6  +  0.4 
0.2  +  0.6 
0.6  +  0.2 


L^LE  =  linear  expansion;  TS  =  thickness  swell; 

IB  =  internal  bond 

2^/Performance  of  the  resin  is  ranked  in  decreasing 

order  for  each  property. 


62 


0.5 


0.4 


^ 


5     0.3 


0.1 


o.^ 


WHITE  OAK 


RED  OAK 


—— ■* 


SWEETGUM 


± 


0.4  0.6  0.8  1.0 

NaOH    (MOLAR  RATIO  TO    PHENOL) 

Figure   1. --Effect  of  total    NaOH  content  on  LE. 
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Figure  6. --Effect  of  method  of  NaOH  addition  on  internal  bond  strength. 
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HOW  CYCLIC  HUMIDITY  AFFECTS  STATIC  BENDING  AND 


DIMENSIONAL  PROPERTIES  OF  SOME  WOOD-BASE  PANEL  PRODUCTS 


1/ 


J.  Dobbin  McNatt 


2/ 


Abstract. --Sel 
subjected  to  altern 
for  up  to  2  years 
cycl ic  humidity  and 
on  the  dimensional 
products.  Material 
urea-formaldehyde  ( 
board,  waferboard, 
was  either  2  weeks 
a  total  of  2  years, 
panel  types  retaine 
load-carrying  capac 
consecutive  2-month 
board,  waferboard, 
percent.  However, 
60  percent.  Deteri 
reflected  in  irreve 
than  that  of  other 


ected  wood-base  panel  products  were 
lating  30  and  90  percent  relative  humidity 
The  aim  was  to  evaluate  the  effects  of 
length  of  exposure  time  during  cycling 
and  static  bending  properties  of  these 
s  evaluated  were  fiberboard  sheathing, 
UF)  and  phenol -formaldehyde  (PF)  particle- 
and  hardboard.  The  length  of  each  cycle 
or  2  months.  Some  specimens  were  cycled  for 

After  12  consecutive  2-week  cycles,  all 
d  more  than  80  percent  of  their  original 
ity  and  stiffness  in  bending.  After  12 
cycles,  the  fiberboard  sheathing,  hard- 
and  PF  particleboard  still  retained  80 
the  UF  particleboard  only  retained  50  to 
oration  of  the  urea-resin  bond  was  also 
rsible  thickness  swelling  that  was  greater 
panel  types. 


INTRODUCTION 

Wood-base  fiber  and  particle  panel  materials 
sed  inside  for  furniture  and  cabinet  parts, 
loor  underlayment,  and  wall  and  ceiling  covering 
re  seldom  subjected  to  extreme  changes  in  humid- 
ty.  However,  panel  products  used  as  mobile  home 
loor  decking,  exterior  siding,  and  roof,  wall, 
rid  floor  sheathing  may  be  exposed  to  cycles  of 
igh  and  low  humidity  owing  to  daily  and  sea- 
onal  climate  variations  (Lundgren  1969)  or  to 
loisture  migration  within  the  structure  (Duff 
968,  Sherwood  and  Peters  1977).  Such  cyclic 
xposures  can  result  in  permanent  dimensional 
hanges,  particularly  in  thickness,  and  in 
trength  and  stiffness  reductions.  For  adhesive- 
onded  wood  particle  panels,  the  magnitude  of 
he  changes  in  properties  is  dictated  mainly  by 
;he  type  and  quantity  of  adhesive  used.  Property 
:hanges,  in  turn,  affect  the  service  life  of  the 
iroduct.  Palmer  and  Stashevski  (1979),  for 
;xample,  give  estimates  made  by  Knight  (1968)  of 
\he   service  life  of  formaldehyde-based  adhesives. 
'he  estimate  for  urea-formaldehyde  (UF)  adhesives 
n  semiexterior  and  damp  interior  exposures  is  5 
;o  10  years.  Under  the  same  conditions,  a  phenol- 
'ormaldehyde  (PF)  adhesive  should  perform  indef- 
nitely. 

j    The  purpose  of  this  study  was  to  evaluate 
f-he  effects  of  cyclic  humidity  and  length  of 
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2^/Technologist,  Forest  Products  Laboratory, 
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exposure  time  during  cycling  on  the  dimensional 
and  static  bending  properties  of  various  wood- 
base  panel  products.  Five  different  wood-base 
panel  types  v;ere  evaluated  for  bending  strength 
and  stiffness  and  dimensional  changes  after  expo- 
posure  to  different  numbers  of  cycles  (1,  3,  6,  or 
12)  of  30  to  90  percent  relative  humidity  (RH). 
The  length  of  each  cycle  was  either  2  weeks  or 
2  months  so  that  some  specimens  were  cycled  for 
only  2  weeks  (1  wk,  30°^  RH  +  1  wk,  90%  RH)  and 
some  for  2  years  (12  x  (1  mo,  30%  RH  +  1  mo,  90% 
RH)).  Panel  types  were  selected  from  those  most 
likely  to  undergo  repeated  high-low  humidity 
conditions  during  service:  fiberboard  sheathing, 
hardboard  siding,  particleboard  mobile  home 
floor  decking,  particleboard  factory-built  house 
floor  decking,  and  waferboard. 

REVIEW  OF  LITERATURE 

The  literature  is  extensive  on  the  effects 
of  moisture  and  weathering  on  physical  and 
mechanical  properties  of  wood-base  panel  prod- 
ucts. Thirty  such  references  were  listed  by 
Lehmann  (1978).  Many  publications  give  physical 
and  mechanical  properties  of  wood-base  panel 
products  condidtioned  at  different  RH's  from 
what  has  been  referred  to  as  "mint  condition." 
That  is  they  were  not  subjected  to  any  prior 
high-low  humidity  fluctuations.  Some  of  these 
publications  are  listed  in  literature  cited  at 
the  end  of  this  paper  (Halligan  and  Schniewind 
1974,  Lundgren  1969,  McNatt  1974a  and  b,  and 
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1975,  Still inger  and  Goggan  1956,  Terentiev  1965). 
Information  from  such  studies  is  useful  as  back- 
ground for  further  research;  but  in  "real-life" 
exposures,  some  products  are  constantly  subjected 
to  variations  in  temperature  and  humidity. 


Cyclic  Exposure  Vs.  Moisture  Content 
and  Dimensional  Changes 

In  most  reports  dealing  with  cyclic  expo- 
sures of  panel  products,  only  changes  in  specimen 
moisture  content  (MC)  and  dimensions 
were  determined  (Beech  1975,  Currier 
1957,  Halligan  1970,  Heebink  1967,  1972, 
Johnson  1964,  Ogland  1948,  Ranta  1978, 
Steinmetz  and  Fahey  1968,  Suchsland  1972,  1973). 
Usually  results  indicate  an  increase  in  equili- 
brium moisture  content  (EMC)  due  to  sorption 
hysteresis  and  permanent  thickness  swelling.  As 
reported  by  Halligan  (1970),  a  number  of  research- 
ers have  pointed  out  that  thickness  swelling  in 
particleboard  (and  other  wood-base  panels)  con- 
sists of  two  parts:  swelling  of  the  wood  itself-- 
recoverable,  and  release  of  compression  stresses 
introduced  by  compression  of  the  wood  particle 
or  fiber  mat  in  the  press--not  recoverable.  Most 
nonrecoverable  dimensional  changes  occur  at  hu- 
midities above  80  percent  (Suchsland  1973).  How- 
ever, Beech  (1975)  reported  an  irreversible 
thickness  increase  of  1.2  to  1.5  percent  for  PF 
particleboards  (12%  resin)  conditioned  to  equili- 
brium at  65  percent  RH  and  then  held  at  that 
condition  for  more  than  20  weeks.  This  swelling 
was  due  to  spontaneous  relief  of  compression 
stresses  in  the  wood  and  was  in  many  cases  es- 
sentially the  same  magnitude  as  that  of  specimens 
cycled  between  30  percent  and  87  percent  RH  for 
10  cycles  (1  week  at  each  condition)  and  then 
reconditioned  at  65  percent  RH.  Suchsland  (1973) 
and  Lundgren  (1969)  point  out  that  part  of  the 
"permanent"  change  measured  when  specimens  are 
reconditioned  at  the  original  RH  is  due  to  sorp- 
tion hysteresis  and  would  disappear  if  the  sam- 
ples were  conditioned  to  their  original  MC. 
Fraipont's  (1974)  data  support  this.  He  sub- 
jected numerous  fiberboards  and  hardboards  to  a 
single  cycle  of  42  days  each  at  65-95-40-65  per- 
cent RH.  The  initial  EMC  averaged  6  percent. 
Final  EMC  averaged  7.2  percent. 

Results  from  cyclic  studies  are  affected  by 
the  material  evaluated,  length  of  exposure  for 
each  step  in  the  cycle,  number  of  cycles,  and 
ranges  of  temperatures  and  humidities  used.  For 
example,  Gressel  (1980)  reported  MC  increases  of 
2  to  3  percent  and  thickness  welling  of  about 
0.4  percent  during  cycling  of  particleboards 
between  45  and  80  percent  RH  every  24  hours  at 
20°C.  For  specimens  of  the  same  material  cycled 
between  25  and  95  percent  RH  every  24  hours  at 
20'-'C,  MC  increase  was  3-1/2  to  5  percent,  and 
thickness  swelling  was  1-1/2  to  2  percent.  When 
specimens  were  cycled  between  35°C,  25  percent 
RH,  and  20Oc,  95  percent  RH,  every   48  hours,  MC 
increase  averaged  6-1/2  to  12  percent,  and  thick- 
ness swell  averaged  2-1/2  to  5  percent. 


Different  panel  products  pick  up  and  lose 
moisture  at  different  rates  depending  upon  raw 
material  and  manufacturing  variables.  It  is 
doubtful  that  hardboards  or  particleboards  react 
EMC  in  less  than  6  or  7  weeks  when  exposed  to 
high  humidity  at  room  temperatures  (Fraipont 
1974,  Heebink  1972,  Johnson  1956,  Liiri  1961, 
Lundgren  1969,  McNatt  1974b.  Shorter  exposures 
would  result  in  intermediate  levels  of  MC  and 
dimensional  changes.  Lundgren  (1969)  found  that 
hardboards  and  particleboards,  initially  condi- 
tioned to  EMC  at  65  percent  RH  and  then  placed 
at  90  percent  RH,  took  40  to  50  days  to  reach 
EMC  but  only  3  to  6  days  to  reach  the  halfway   ' 
mark  toward  EMC.  For  cyclic  humidity  studies, 
he  suggested  a  cycle  of  7  days  at  30  percent  plu 
7  days  at  90  percent  RH. 

Cyclic  Exposure  Vs.  Strength  Properties-     ' 

Liiri  (1961)  determined  loss  in  modulus 
of  rupture  (MOR)  and  internal  bond  strength  for 
particleboards  subjected  to  up  to  10  cycles  of 
3  weeks  each  at  30  and  95  percent  RH.  The  rate 
of  strength  loss  decreased  as  the  number  of 
cycles  increased,  suggesting  an  asymptote  some- 
where beyond  10  cycles.  The  MOR  and  internal 
bond  strength  decreased  25  percent  for  10  cycles 
of  exposure.   Bryan  and  Schniewind  (1965)  re- 
ported a  16  percent  decrease  in  MOR  and  modulus 
of  elasticity  (MOE)  for  particleboards  subjected 
to  three  cycles  of  7  days  at  20  percent  EMC  con- 
ditions, plus  7  days  at  6  percent  EMC  conditions 
In  a  study  by  Lehmann  (1978),  five  cycles  of  30 
days  each  at  90  and  30  percent  RH  had  very  little 
effect  on  the  load-carrying  capacity  and  stiff- 
ness in  bendingz/  of  several  experimental  and 
commercial  particleboards.  Morze  and  Synowiec 
(1979)  reported  an  88  to  96  percent  retention  of 
bending  strength  and  76  to  93  percent  retention 
of  bending  MOE  for  various  hardboards  after  six 
cycles  of  the  following  "stepwise"  humidity 
cycle  at  20OC:  48  hours  at  80  percent  RH  plus 
120  hours  at  95  percent  RH  followed  by  48  hours 
at  70  percent  RH.  Dinwoodie  (1978),  reporting 
on  work  done  at  the  Princes  Risborough  Labor- 
atory, BRE,  in  England,  stated  that  samples  of 
UF  commercial  particleboard  subjected  to  50 
cycles  of  7  days  at  30  percent  plus  7  days  at 
90  percent  RH  (250C)  retained  58  percent  of 
original  MOR  and  45  percent  of  MOE.  Panels 
bonded  with  phenolic,  malamine-urea,  or  sulfite 
liquor  adhesives  retained  more  than  80  percent 
of  MOR  and  more  than  70  percent  of  MOE.  Lee  and 
Biblis  (1976)  put  UF  and  PF  particleboards 
through  a  single  cycle  of  65-30-65-90-65  RH's  at 
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3/Reported  effects  of  cyclic  humidity  expo- 
sures on  bending  properties  mentioned  here  are 
summarized  in  Table  4  and  discussed  later  in 
this  paper. 

4/The  terms  "load-carrying  capacity"  and 
"stiffness"  as  used  here  refer  to  modulus  of 
rupture  and  modulus  of  elasticity,  respectively, 
calculated  using  original,  unswelled  specimen 
dimensions. 
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7-F  (conditioned  to  EMC  at  each  step).  The  MOE 
aj:!  MOR  were  reduced  20  and  16  percent,  respect- 
ably • 

The  most  severe  temperature-humidity  cyclic 
ejosure  for  particleboard  was  reported  by  Hann 
e  al.  (1963).  It  consisted  of  1  week  at  SOOp 
aJ  90  percent  RH,  plus  1  week  at  150°F  and  20 
p'cent  RH.  This  exposure  cycle  was  continued 
f"  2  years  on  experimental  particleboards.  Per- 
CTts  of  original  bending  strengths  retained 
rTged  from  about  70  percent  for  PF  boards  to 
l;s  than  20  percent  for  UF  boards. 

MATERIALS 

The  five  different  commerical  wood-base  panel 
p)ducts  in  this  study  represented  those  products 
tit  were  likely  to  undergo  fluctuating  MC  in  use. 
T;  materials  were: 


1 


1/2-inch-thi 
sheathing 

3/8-inch-thi 
siding 

5/8-inch-thi 
particleboar 
manufactured 
Standard  for 
Decking,  NPA 
in  revision 
material  wou 
property  req 
mobile  home 


ck  regular-density  fiberboard 

ck  medium-density  hardboard 

ck  UF  mobile  home  decking 
d   (Note:  This  material  was 
under  Class  D-1  of  the  1970 
Particleboard  for  Mobile  Home 
1-70.  Class  D-1  was  deleted 
of  the  standard  so  that  now  this 
Id  not  meet  the  current  minimum 
uirements  for  particleboard 
decking  in  NPA  1-82.) 


4  5/8-inch-thi 
decking  part 

5  1/2-inch-thick  PF  aspen  waferboard 


ck  PF  factory-built  house 
icleboard. 


■  The  material  used  for  specimens  consisted  of 
f/e  2-  by  4-foot  sections  cut  from  five  different 
piels  of  each  of  the  panel  types.  Properties  of 
t?se  materials  were  determined  from  control 
sjcimens  (Table  1 ). 


METHODS 

Two  separate  series  of  specimens  were  evalu- 
aid  in  this  study.  The  first  series  was  sub- 
j:ted  to  repeated  cycling  of  1  week  at  30  per- 
c'lt  plus  1  week  at  90  percent  RH  at  80OF  for  a 
2,veek  cycle.  For  the  second  series  a  cycle  of 
3  days  at  30  percent  plus  30  days  at  90  percent 
R,  was  used  for  a  2-month  cycle. 


Each  of  the  2-  by  4-foot  sections  of  material 
dicribed  in  the  previous  section  was  cut  into 
tp  sets  of  twelve  3-inch-wide  bending  specimens 
(ig.  1).  Specimen  length  was  24  times  the  speci- 
mi  thickness  plus  2  inches  as  specified  in  Ameri- 

1  Society  for  Testing  and  Materials  (ASTM) 
Sindard  D  1037  (1972).  All  specimens  were  ini- 


tially conditioned  to  EMC-^  at  BOOF  and  65  per- 
cent RH.  Those  marked  "C"  were  then  tested  as 
controls  without  any  cyclic  exposure.  One  of 
each  of  the  other  specimens  in  each  set  was  ran- 
domly selected  and  subjected  to  either  1,  3,  6,  or 
12  of  the  appropriate  cycle  (2  wk  or  2  mo). 
Afterwards  these  specimens  were  reconditioned  to 
EMC  at  65  percent  RH  and  tested  in  static  bending. 
Three  of  the  5  replications  subjected  to  12  repe- 
titions of  the  2-week  or  2-month  cycle  were 
weighed  and  measured  after  each  half  cycle  to 
determine  progressive  changes  in  MC,  thickness, 
and  length  during  the  24  weeks  or  24  months  of 
total  exposure  time. 


DISCUSSION  AND  RESULTS 

Moisture  Content  and  Dimensional  Stability 

Figure  2  shows  the  progressive  changes  in 
moisture  content,  thickness,  and  length  during 
the  24  weeks  or  24  months  of  cyclic  humidity 
exposure  for  the  waferboard  specimens.  Average 
changes  in  MC,  thickness,  and  length  for  the  23 
times  the  waferboard  specimens  were  transferred 
from  30  to  90  percent  RH  (or  from  90  to  30)  over 
the  total  exposure  time  were: 


MC  change 
Thickness  change 
Length  change 


2-week 
cycle 

6.2 
3.5 
.10 


2-month 
cycle 

(tr" 

8.4 
5.8 
.12 


These  values  and  figure  2  are  presented 
simply  as  an  example  and  do  not  represent  the 
other  materials.  The  corresponding  values  for 
all  five  panel  types  are  shown  in  figure  3.  As 
supposed,  changes  in  moisture  content  as  well  as 
thickness  and  length  were  greater  for  the  2-month 
cycle  than  for  the  2-week  cycle  because  of  the 
longer  exposure  time  at  each  humidity.  The  ex- 
ception to  this  was  the  fiberboard  sheathing  which 
was  able  to  pick  up,  or  lose,  moisture  faster 
because  of  its  lower  density  and  greater  porosity 
(Fraipont  1974).  The  percent  moisture  change  did 
not  vary  greatly  among  the  panel  types  for  either 
the  2-week  cycle  (5.2%  to  7%)  or  the  2-month 
cycle  (7.1%  to  9.4%);  however,  the  weight  of 
moisture  gained,  or  lost,  varied  considerably. 
For  example,  the  MC  changes  for  the  fiberboa>"d 
sheathing  and  the  hardboard  siding  were  both 
about  7  percent,  but  the  hardboard  gained  (and 
lost)  double  the  weight  of  moisture  since  it 
weighed  twice  as  much  as  the  fiberboard.  Relative 
thickness  change,  and  to  a  lesser  degree  linear 
change  of  the  fiberboard  and  hardboard,  were 
affected  by  the  density  difference.  The  higher- 
density  hardboard  changed  more  in  both  thickness 
and  length  than  did  the  fiberboard  sheathing. 


^/"Practical  equilibrium"  as  defined  in  ASTM 
D  1037  was  used  to  determine  when  specimens  were 
ready  for  testing  (specimens  were  neither  losing 
nor  gaining  weight  by  more  than  0.05S  in  a  24-hr 
period) . 
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For  both  cyclic  exposures,  thickness  change 
was  greater  for  the  waferboard  than  for  either 
of  the  two  parti cleboards  which  were  made  pri- 
marily from  planer  shavings.  On  the  other  hand, 
linear  expansion  was  much  greater  for  the 
particleboards  than  for  the  waferboard.  This 
is  typical  of  comparative  behavior  of  panels 
made  from  large  flat  flakes  (wafers)  and  those 
made  from  finer  particles  (McNatt  1974a  and 
1974b,  Suchsland  1973).  In  panels  made  from 
wafers,  the  grain  direction  of  the  wood  lies 
essentially  in  the  plane  of  the  panel;  whereas 
in  panels  made  from  planer-shaving-  or  sawdust- 
type  particles,  the  grain  direction  can  deviate 
substantially  from  the  plane  of  the  panel. 
Bonding  of  the  randomly  distributed  overlapping 
wafers  restricts  linear  movement  in  much  the 
same  way  as  cross  alinement  of  veneers  in  ply- 
wood. At  the  same  time,  thickness  swelling  in 
flake-type  panels  is  maximized  because  the  grain 
of  the  flakes  lies  in  the  plane  of  the  panel  and 
wood  swells  much  more  across  the  grain  than 
along  the  grain. 

Residual  changes  in  MC  and  dimensions  of 
the  specimens  reconditioned  to  65  percent  RH 
following  the  12  humidity  cycles  are  given  in 
Table  2.  Except  for  irreversible  thickness 
swelling  (springback)  of  the  UF  particleboard, 
little  difference  exists  between  results  from 
the  2-week  and  2-month  cycle  exposures.  Spring- 
back  of  the  UF  particleboard  specimens  after  the 
twelve  2-month  cycles  (5.6%)  was  more  than  twice 
the  springback  after  the  twelve  2-week  cycles 
(2.1%). 

The  longer  exposure  time  at  high  humidity 
appears  to  have  a  greater  effect  on  the  point- 
to-point  bonds  in  the  UF  particleboard  than  in 
the  PF  particleboard.  Little  difference  in  the 
PF  particleboard  springback  exists  between  the 
2-week  cycle  (1.2%)  and  the  2-month  cycle  (1.7%). 
Scharfetter  (1977)  stated  that  chemical  degrada- 
tion was  not  the  cause  of  deterioration  of  ex- 
terior particleboard;  rather  the  causes  are  of  a 
mechanical  nature.  The  greater  deterioration 
of  the  UF  panel  is  likely  the  result  of  hydro- 
lytic  decomposition  of  the  adhesive  bond  as  dis- 
cussed by  Gillespie  (1968)  in  addition  to  the 
repeated  internal  (mechanical)  stressing  at  the 
glue  bonds  as  a  result  of  the  cycling  (Dinwoodie 
1977,  Gillespie  1965). 

As  suggested  by  0.  Suchsland  (personal 
correspondence,  Michigan  State  University, 
1982),  a  change  in  properties  of  all  densified 
wood-base  products  associated  with  permanent 
thickness  swelling  exists  aside  from  any  deteri- 
oration of  the  glue  bonds.  Glue  bonds  will 
break  during  swelling,  but  not  because  of  the 
effect  of  moisture  on  the  bonds.  This  change 
in  properties  whould  be  independent  of  glueline 
quality  and  should  be  subtracted  from  the 
original  (control)  property  before  glue  bond 
deterioration  is  determined. 

For  long  exposure  to  high  humidity  in  a 
nonsterile  environment,  deterioration  due  to 


fungus  attack  is  a  possibility.  Phenolics  are  *' 
more  resistant  to  fungus  attack  than  ureas  P'**: 
(Schmidt  et  al .  1978).  ?'»>  ■ 

Specimens  in  this  study  were  reconditioned  ■, 
at  65  percent  RH  from  the  90  percent  RH  exposure,  '■^'.i 
Due  to  sorption  hysteresis,  final  EMC  values  at  If  a 
65  percent  RH  were  1.2  to  2.8  percent  higher  than  iiiij] ji 
those  after  initial  conditioning.  Residual 
changes  in  length  were  inconsistent  and  ranged 
from  -0.04  percent  to  +0.07  percent.  p^'"' 


Static  Bending  Properties 

The  effects  of  humidity  cycling  on  static 
bending  properties  were  determined  from  values  of 'I 
"load-carrying  capacity"  and  "stiffness,"  defined-i' 
here  as  being  MOR  and  MOE  calculated  using  initia'i' 
specimen  thickness  at  65  percent  RH.  Calculationnii 
based  on  initial  thickness  remove  the  influence  ■ 
of  irreversible  thickness  swelling  on  load- 
carrying  capacity  and  stiffness.  Changes  in  a 
wood-base  panel's  ability  to  carry  the  required 
load  or  resist  deflection  due  to  cyclic  exposure 
after  being  placed  in  a  structure  should  be  deter^ 
mined  independent  of  changes  in  dimension. 
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The  average  values  for  the  five  panel  types,; 
expressed  as  a  percent  of  control  values,  are 
given  in  table  3  and  plotted  in  figures  4  and  5. 
The  effects  of  cycling  were  essentially  the  same 
for  both  load-carrying  capacity  and  stiffness. 
The  effects  of  the  2-month  cycling  were  much  more 
severe  for  the  UF  particleboard  than  for  any  of 
the  other  panel  types. 

After  12  of  the  2-month  cycles,  the  UF 
particleboard  retained  only  50  percent  of  the 
original  strength  and  61  percent  of  the  original 
stiffness;  the  other  four  panel  types  retained 
82  to  97  percent  of  their  original  strength  and 
stiffness.  After  12  of  the  2-week  cycles,  all 
panel  types,  including  the  UF  particleboard, 
retained  83  to  97  percent  of  their  original 
strength  and  stiffness  (fig.  6). 

Except  for  the  UF  particleboard,  differences 
between  strength  and  stiffness  retained  after 
12  cycles  of  the  2-month  and  2-week  exposures 
were  not  significant. 

Using  information  from  various  literature 
sources  (and  this  study),  I  have  summarized  the 
effects  of  cyclic  humidity  exposures  on  MOR  and 
MOE  in  bending  of  wood-base  panel  products  (table 
4).  With  one  exception  (Lehmann  1978),  previously 
published  data  were  calculated  using  specimen 
dimensions  at  test.  Therefore,  Lehmann 's  1978 
data  and  the  data  in  this  study  were  converted  to 
the  same  base  so  that  some  comparisons  could  be 
made.  Because  of  the  diverse  exposure  conditions 
used,  direct  comparisons  among  studies  are  diffi- 
cult; however,  certain  statements  can  be  made 
based  on  table  4: 

1.  Properties  of  UF  particleboards  are 
affected  more  by  cyclic  exposure  than  those 
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tan  those  bonded  with  more  durable  adhesives 
s;ch  as  phenol -formaldehyde  (Dinwoodie  1977, 
Hjnn,  Black,  and  Blomquist  1963,  Morze  and  Struk 
ipo,  Palmer  and  Stashevski  1979  and  this  study). 

2.  Cyclic  exposures  affect  board  properties 
irre  severely  at  higher  temperatures  (Dinwoodie 
Ti77  compared  with  Hann,  Black,  and  Blomquist 

l'53  and  Morze  and  Struk  1980). 

3.  At  given  temperature/humidity  conditions, 
aJ  the  same  total  cyclic  exposure  time,  effects 

0,  properties  of  UF  particleboard  will  be  compa- 
rble  regardless  of  duration  of  individual  cycle. 
Fr  example,  for  50  cycles  of  7  days  each  at  30 
ai  90  percent  RH,  an  exposure  time  of  about  2 
ylirs  (Dinwoodie  1977)  gave  essentially  the  same 
piijperty  retention  (50%)  as  12  cycles  of  30  days 
e:h  at  30  and  90  percent  RH  (current  FPL  study). 
Tis  does  not  appear  to  be  true  for  PF  particle- 
biirds.  Comparisons  among  values  reported  by 
Oliwoodie  (1977),  by  Lehmann  (1978),  and  in  this 
sidy  show  little  differences  in  property  re- 
tmtion  for  5,  12,  or  50  cycles  or  2-week  or  2- 
muth  exposures  per  cycle. 


CONCLUSIONS 

The  results  of  cycling  selected  wood-base 
piiiel  products  between  30  and  90  percent  RH--2 
wi!ks  or  2  months  per  cycle--for  up  to  12  cycles 
sliw  that: 

1.  For  particleboard,  the  long  cycle  expo- 
sife  affected  the  UF  product  properties  much  more 
tin  it  affected  the  PF  product.  After  12  of  the 
2'ionth  cycles,  the  UF  panel  retained  50  to  60 
pccent  of  original  load-carrying  capacity  and 
siffness  in  bending  whereas  the  PF  particleboard, 
a;,well  as  the  waferboard,  hardboard  siding,  and 
f')erboard  sheathing,  retained  more  than  80  per- 
cdt.  However,  after  12  of  the  2-week  cycles,  all 
piel  types,  including  the  UF  particleboard, 
niained  more  than  80  percent  of  their  original 
l(!d-carrying  capacity  and  stiffness. 

2.  Deterioration  of  the  urea-resin  bond  was 
a'o  reflected  in  greater  irreversible  thickness 
svlling  (springback)  as  compared  to  the  other 

pi  el  types. 

3.  The  data  in  this  study  indicate  that, 

wih  the  exception  of  UF  particleboard,  the  2-week 
c|le  is  as  effective  as  the  2-month  cycle  for 
e\luating  the  behavior  of  wood-base  panel  prod- 
uts  in  fluctuating  humidity  environments. 
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ible  1. --Static  bending  properties  of  control 
specimen  si/ 


Table  2. --Residual   changes  in  moisture  content 
and  dimensions  of  wood-base  panel   products  sub- 
jected to  12  cycles  of  30  to  90  percent  relative 
humidity  and  reconditioned  at  65  percent  rela- 
tive humidity 


Panel  type 


Specific   Moisture   Modulus  of   Modulus  of 
rupture    elasticity 


1 ,000  psi 


1/2 


gular-densi ty 

fiberboard 

sheathing 

irdboard 
siding 

ea- formaldehyde 
particleboard- 


enol- formaldehyde 
particleboard     5/8 


Panel    type 

Moisture   content 
increase 

Permanent 
ness    swe 
(springb 

thick- 
lling 
ack) 

Length 

change 

2-week 
cycle 

2-month 
cycle 

2-week 
cycle 

2 -month 
cycle 

2-week 
cycle 

2-month 
cycle 

Fiberl^oard 
sheathing 

Hardboard   sidi 

ng 

% 

1.4 
2.2 

% 

1.2 
2.2 

% 

1.  1 
3.2 

% 

0.6 
3.1 

% 

-0.04 
-.02 

% 

-0.01 
.02 

3,190 
2,590 


522 
495 


Urea- formaldehyde 

particleboard     1.9 

Phenol-formaldehyde 
particleboard    1.6 


1/  Each  value  is  the  average  of  20  specimens. 

2/  Based  on  dimensions  at  test  and  ovendry  weight. 

3/  At  equilibrium  at  80°  F  and  65%  RH . 

4/  See  NOTE  under  MATERIALS  section. 


Waferboard 


2.4 


2.8 

2.3 
2.5 


1.2 
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1.7 
2.5 


.00 
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.00 
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ble  3. --Percent  retention  of  bending  properties  by  wood-base  panel   products  after  cyclic  30  to  90  percent 
relative  humidity  exposure.     Each  value  is  the  average  from  five  specimens 
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Table  4. --Summary  of  effects  of  cyclic  humidity  exposure  on  bending  properties  of  wood-base  panel  prod- 
ucts. Data  from  the  literature  and  this  study 


Researcher 


Test  material 


Conditions  of  cycle 


Modulus  of   Modulus  of 
Number  of    rupture     elasticity 


cycles 


retained-    retained- 


Dinwoodie 


Urea-formaldehyde 
particleboard 


7  days  at  30%  +  7  days  at  90%     50 
relative  humidity  (at  25°  C) 


58 


^5 


Phenol- formaldehyde 
board  and  MUF  board 

Hann  et  al.      Phenol-formaldehyde 
particleboard 

Me 1 amine -urea - 
formaldehyde  board 
Urea-formaldehyde  board 


do.  50 

7  days  at  80°  F--90%  relative  52 
humidity  +  7  days  at  158°  F-- 
20%  relative  humidity 

do.  52 

do.  52 


80+ 

70-77 


34 
4-26 


70+ 
68-73 


50 
<10 


Lee  and 
Biblis 


Urea-  and  Phenol- 
formaldehyde 
particleboard 


65%  -*   30%  ->   65%  ^   90%  ^  65% 
relative  humidity  (at  72°  F- 
to  equilibrium  moisture 
content  at  each  humidity) 


84 


80 


Lehmann 


Pheno 1 - f o  rma Idehyde 
f lakeboard 


30  days  at  30%  +  30  days  at 
90%  relative  humidity  (at 
75°  F) 


86 


80 


Liiri 


Urea- forma Idehyde 
particleboard 


3  weeks  at  95%  +  3  weeks  at 
30%  relative  humidity  (at 
20°  C) 


10 


75 


Morze  and 
Struk 


Phenol -forma Idehyde 
particleboard 


Urea - f o  rma Idehyde 
particleboard 


Stepwise:   840  h  at  50°  C- 
95%  relative  humidity  ->  dried 
24  h  at  50°  C  +  24  h  at 
100°  C 

do. 


96 


76 


88 


69 


Morze  and 
Synowiec 


Palmer  and 
Stashevski 


Hardboard 


do. 

Phenol -forma Idehyde 
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particleboard 
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McNatt  (cur-    Fiberboard  sheathing 
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Urea -forma Idehyde 
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Fiberboard  sheathing 
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Phenol -  forma Idehyde 
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Stepwise:   48  h  at  80%  + 
120  h  at  95%  -►  48  h  at  70% 
■^    120  h  at  37%  relative 
humidity  (at  20°  C) 
Same  humidity,  60°  C 

7  days  at  25%  +  7  days  at 
85%  relative  humidity  (at 
38°  C) 

do. 

7  days  at  30%  +  7  days  at 
90%  relative  humidity  (at 
80°  F) 

do. 

do. 


do. 

do. 

30  days  at  30%  +  30  days  at 
90%  relative  humidity  (at 
80°  F) 

do. 

do. 

do. 

do. 


6 

65 

65 

12 


12 
12 


12 
12 

12 

12 
12 
12 
12 


88-96 

82-91 
100 

14-35 
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93 
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85 
86 
86 

88 
45 
82 
78 


76-93 


72-89 


82 

88 
82 
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83 
87 
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51 
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\l   Modulus  of  elasticity  and  modulus  of  rupture  values  calculated  using  dimensions  at  time  of  test. 
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i-WEEK  CYCLE 


2-MONTH  CYCLE 


F^ure  1. --Layout  of  3-inch-wicle  bending  speci- 
TOns  on  2-  by  4-foot  sample  of  wood-base  panel 
broduct.  Specimens  marked  "C"  were  tested  as 
:ontrols  without  cyclic  humidity  exposure. 
(M  151  709) 
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Figure  2. --Progressive  changes  in  thickness, 
length,  and  moisture  content  of  waferboard 
cycled  between  30  and  90  percent  RH .  Data 
points  at  far  left  and  far  right  represent 
initial  conditioning  and  reconditioning  to 
EMC  at  800F,  65  percent  RH. 
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Fi|ure  3. --Changes  in  moisture  content,  thickness, 
Ind  length  of  wood-base  panel  products  between 
iO  and  90  percent  RH.  Average  of  12  cycles  and 
ind  5  specimens  of  each  product  type. 
M  151  708) 


Figure  4. --Percent  retention  of  bending  strength 
after  30  to  90  percent  RH  cyclic  exposures. 
Each  point  is  the  average  of  five  values. 
(M  151  706) 


Fiure  5. --Percent  retention  of  bending  stiffness 
fter  30  to  90  percent  RH  cyclic  exposures, 
ach  point  is  the  average  of  five  values. 
M  151  705) 
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Figure  6. --Percent  bending  strength  and  stiffness 
retained  after  12  cycles  of  30  to  90  percent  RH. 
(M  151  707) 
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PREDICTING  ASTM  D1037  6-CYCLE 


1/ 


ACCELERATED  AGING  OF  WAFERBOARD  IN  27  HOURS^' 

71 
R.  M.  Knudson  and  G.  N.  Rosenberg^' 


Abstract. --An  excellent  correlation,  which  allows  pre- 
diction of  aged  MOE  in  27  hours  compared  to  three  weeks  for 
the  ASTM  test,  was  established  in  the  laboratory  between  CSA 
0188.0  two-hour  boil  test  followed  by  a  24-hour  drying  cycle 
and  six-cycle  ASTM  D1037  test.   ASTM  MOE  predicted  by  this 
method,  after  adjustment  for  specific  gravity  showed  that 
the  majority  of  panels  fell  within  ±15%  of  the  actual  MOE 
value  (r2  =  0.67).  For  an  in-plant  evaluation,  MacMillan 
Bloedel  Research  personnel  established  and  monitored  the 
rapid  aged  MOE  test  at  MacMillan  Bloedel 's  Thunder  Bay  Divi- 
sion for  about  one  year.  Findings  confirmed  the  suitability 
of  the  test  method  as  a  quality  control  procedure,  which  would 
enable  immediate  corrective  action  if  there  is  evidence  that 
the  process  is  out  of  control.  The  rapid  aged  MOE  test  has 
been  adopted  as  part  of  the  regular  mill  test  procedure  to 
evaluate  significant  process  changes  at  MacMillan  Bloedel 
mills. 


INTRODUCTION 

Considerable  research  has  been  carried  out  to 
ilop  accelerated  weathering  tests  and  to  corre- 
al these  tests  with  long  term  natural  weathering 
ifwood  based  panel  products  (Deppe  1981;  Deppe, 
itlzenburg,  and  Schmidt  1976;  Deppe  and  Schmidt 
S9;  Endicott  and  Frost  1967;  Lehmann  1977;  Shen 
97).  Purpose  of  this  work,  however,  was  to 
leelop  a  rapid  method  of  simulating  ASTM  D1037 
xelerated  aging  (American  Society  for  Testing 
in  Materials  1982)  as  a  quality  control  procedure 
'o  waferboard  manufacture. 

Six-cycle  ASTM  D1037  accelerated  aging  test 
srequired  by  U.S.  regulatory  agencies  for  mar- 
iding  waferboard  in  the  United  States.  Minimum 
;ile  to  complete  six-cycle  ASTM  accelerated  aging 
sl4  days.  However,  as  most  laboratories  do  not 
lae  automated  aging  facilities,  the  normal  time 
:ccomplete  six  cycle  ASTM  accelerated  aging  is 
:hee  weeks.  Because  of  the  long  time  to  complete 
'.\   aging  cycle,  the  test  method  is  not  a  suitable 
lulity  control  procedure  to  enable  corrective 
icion  in  a  production  situation. 


VPaper  presented  at  Workshop  on  Durability, 
'e'sacola,  FL,  October  5-7,  1982. 

2^/The  authors  are  Section  Head,  Panelboard 
'rcessing,  and  Senior  Research  Chemist,  MacMillan 
Jledel  Research,  3350  East  Broadway,  Vancouver, 
3..,  V5M  4E6,  Canada. 


PROCEDURE 

Work  to  develop  a  rapid  method  for  predic- 
ting six-cycle  ASTM  D1037  accelerated  aging  as  a 
quality  control  procedure  for  waferboard  man- 
facture  was  carried  out  in  three  successive 
stages. 

Preliminary  Screening  Tests 

A  mill-produced  7/15-inch  (11.1  mm)  thick 
4x8  foot  (1220  X  2440  mm)  panel  with  known 
areas  of  good  and  poor  bonding  was  cut  into  ASTM 
D1037  static  bending  test  specimens  (American 
Society  for  Testing  and  Materials  1982).  Speci- 
mens were  assigned  for  testing  after  accelerated 
aging  by  the  following  methods: 

A.  ASTM  D1037  six-cycle  accelerated  aging 
(29  samples;  designated  ASTM  in  remainder  of 
text).  Each  cycle  consists  of  the  following: 

1.  Immerse  in  water  at  120  ±  3°F  (49 
±  2°C  for  1  hour. 

2.  Spray  with  steam  and  water  vapor 
at  200  ±  5OF  (93  ±  3°C)  for  3  hours. 

3.  Store  at  10  ±  5^F  (-12  ±  3°C)  for 
20  hours. 

4.  Heat  at  210  ±  3°F  (99  ±  2°C)  in  dry 
air  for  3  hours. 

5.  Spray  again  with  steam  and  water 
vapor  at  200  ±  S^F  (93  ±  3^0  for  3  hours. 
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2°c: 


6.  Heat  in  dry  air  at  210 
for  18  hours. 


3°F 


[99 


MOE  and  ASTM  MOE  including  the  contribution  of 


After  completion  of  the  six  cycles  of  exposure, 
samples  are  conditioned  at  a  temperature  of  68 
±  60F  (20  +  30C)  and  a  relative  humidity  of  65% 
±  1%  for  at  least  48  hours  before  testing. 

B.  CSA  0188  accelerated  aging  consisting 
of  2  hours  boil  followed  by  1  hour  cold  water 
soak  (Canadian  Standards  Association  1978);  test 
wet  at  room  temperature  (21  samples;  designated 
CSAW). 

C.  CSA  0188  accelerated  aging  with  drying 
cycle  (20  samples;  designated  CSAD).  One  cycle 
consisting  of  the  following: 

1 .  Boil  for  2  hours. 

2.  Soak  in  cold  water  for  1  hour. 

3.  Dry  at  221°F  (105°C)  for  24  hours. 
Test  after  specimens  d,re   at  room  temperature. 

D.  Vacuum-pressure-soak  cycle  where  speci- 
mens are  submerged  in  cold  water  and  subjected 
to  30  minutes  under  a  vacuum  of  25  inches  of 
mercury  (85  kPa)  followed  immediately  by  30 
minutes  under  pressure  of  65  to  70  psi  (450- 
480  kPA)  and  2  hours  water  soak  at  150°F  (66°C); 
test  wet  at  room  temperature  (21  samples;  desig- 
nated VPSW). 

E.  Vacuum-pressure-soak  cycle  followed  by 
18  hours  drying  at  210OF  (990C);  test  after 
conditioning  at  68  ±  6OF  (20  ±  3OC)  and  relative 
humidity  of  65%  ±  1%  for  48  hours   (20  samples; 
designated  VPSD). 

Prior  to  accelerated  aging,  all  specimens 
were  proof  loaded  to  determine  modulus  of  elas- 
ticity (MOE).  After  accelerated  aging  all  spec- 
imens were  tested  by  ASTM  D1037  procedures  to 
determine  modulus  of  rupture  (MOR),  MOE  and 
retention  of  pre-aged  MOE  after  accelerated 
aging. 


Laboratory  Development  of  Test 

Preliminary  screening  tests  had  shown  a 
relationship  between  CSAD  and  ASTM  accelerated 
aging  test  results.  Preliminary  tests  also 
indicated  a  strong  relationship  between  prop- 
erties and  density.  Thus,  specific  gravity  had 
to  be  taken  into  account  in  order  to  make  a 
valid  comparison  between  CSAD  and  ASTM  results. 

Further  development  was  carried  out  in  the 
laboratory  to  improve  the  relationship  between 
CSAD  and  ASTM  by  including  the  contribution  of 
specific  gravity.  This  work  was  carried  out  in 
two  parts. 

The  first  portion  of  the  work  was  carried 
out  to  determine  the  relationships  between  CSAD 


specific  gravity.  Six  11.1  mm  panels 
from  each  of  two  different  mills  were  cut,  par- 
allel and  perpendicular  to  machine  direction,  a) 
tested  by  CSAD  and  ASTM  methods.  These  samples-: 
were  selected  to  cover  a  wide  range  of  specific, 
gravity.  The  following  samples  were  tested  by 
each  of  the  two  methods  (CSAD  and  ASTM). 


pc 


Mill 
Mill 


14  parallel 
18  parallel 


29  perpendicular 
47  perpendicular 


After  testing  by  the  CSAD  method,  sample  Ml 
values  were  plotted  against  specific  gravity,  an 
regression  parameters  were  calculated.  Mean  CSij 
MOE  for  each  panel  was  adjusted  to  the  same  speie 
fie  gravity  at  which  ASTM  MOE  was  measured  for 
that  panel.  A  plot,  CSAD  MOE  vs  ASTM  MOE,  was 
then  made  based  on  the  results  for  each  of  the 
panels  tested. 


tfr 
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The  second  portion  of  the  work  was  carried 
out  to  confirm  the  validity  of  the  relationship 
determined  between  CSAD  MOE  and  ASTM  MOE.  Twen- 
11.1  mm  panels  from  a  single  mill  manufactured 
over  a  two-month  period  were  tested.  A  portion 
of  each  panel  was  tested  by  the  CSAD  method, whil 
the  remainder  of  the  panel  was  tested  according 
ASTM  D1037.  Three  samples  parallel  and  three  s. 
pies  perpendicular  to  machine  direction  from 
each  panel  were  tested  by  each  method. 
The  effect  of  specific  gravity  on  CSAD  was  deter 
mined  for  these  panels.  Predicted  ASTM  MOE  was., 
determined  from  an  equation  developed  in  the 
first  section  of  the  work  after  adjustment  for 
specific  gravity  and  compared  to  measured  ASTM 
MOE  values  for  these  20  panels. 


Mill  Verification  Tests 

After  laboratory  development  of  the  CSAD 
rapid  accelerated  aging  procedure,  the  test  was 
monitored  at  MacMillan  Bloedel's  Thunder  Bay 
Division  for  a  10-month  period.  Seventy-six 
11.1  mm  panels  were  sampled  and  a  portion  of  eaa 
panel  was  tested  in  the  mill  by  the  CSAD  method.' 
The  remainder  of  the  panel  was  tested  according 
to  ASTM  D1037  by  the  testing  agency  which  certi- 
fies our  product  quality  in  the  United  States. 
Four  static  bending  samples  parallel  and  four 
samples  perpendicular  to  machine  direction  from 
each  panel  were  tested  by  each  method. 

MOE  results  after  ASTM  aging  were  analyzed  ' 
using  the  method  of  multiple  regression  on  predii 
tors  of  sample  specific  gravity  in  each  test  and 
CSAD  MOE.  Regression  equations  were  calculated 
for  parallel  and  perpendicular  directions  as  wel' 
as  for  the  combined  data. 


RESULTS  AND  DISCUSSION 

Preliminary  Screening  Tests 

Results  of  preliminary  screening  tests  by 
the  different  accelerated  aging  test  methods  are 


PS, 


fjili 
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i  ri  in  table  1.  CSAD  aging  values  for  MOR,  MOE, 
i>  percent  retention  of  MOE  all  closely  followed 
1.  corresponding  values  obtained  after  ASTM 
:''lerated  aging.  Values  obtained  after  CSAD 
3ig  generally  ranged  between  0%  and  ^0%   higher 
hi  corresponding  values  obtained  after  ASTM 
g,ig.  The  CSAD  test  was  also  able  to  differen- 
i,|;e  between  good  and  bad  areas  of  the  panel. 
S;)  aging  showed  an  MOE  difference  of  174  Mpsi 
n  ASTM  aging  showed  an  MOE  difference  of  192  Mpsi 
e/een  good  and  bad  areas  of  the  panel.  CSAD 
gig  test  gave  the  combined  characteristics  of 
o'elation  with  ASTM  test  results  and  ability  to 
i  erentiate  between  good  and  bad  areas  of  the 
rai;l.  Thus,  the  CSAD  accelerated  aging  test  meth- 
di^s  chosen  for  further  evaluation  as  a  rapid 
e:   procedure  to  predict  ASTM  accelerated  aging. 

CSAW  and  VPSW  tests  gave  MOR,  MOE,  and  per- 
e.  retention  of  MOE  values  which  were  generally 
eveen  50%  and  70%  of  those  obtained  by  ASTM 
gig.  CSAW  and  VPSW  tests  did  not  adequately 
■i[erentiate  between  good  and  bad  areas  of  the 
;  a'>ls.  Comparing  MOE  values,  CSAW  aging  showed  a 
i 'erence  of  85  Mpsi,  VPSW  aging  showed  a  differ- 
.  ne  of  58  Mpsi,  and  ASTM  aging  showed  a 
jil'erence  of  192  Mpsi  between  good  and  bad  areas 
jfrhe  panel.  CSAW  aging  gave  54%  and  49%  MOE 
:-ebntion,  VPSW  againg  gave  45%  and  44%  MOE  reten- 
:;ii,  and  ASTM  aging  gave  86%  and  71%  retention 
"o  good  and  bad  areas  of  the  panel .  Because  of 
,.;h|ir  inability  to  adequately  differentiate  be- 
';w?n  good  and  bad  panel  areas,  CSAW  and  VPSW  test 
leiods  were  not  chosen  for  further  evaluation. 

VPSD  aging  showed  very  little  effect  on  panel 
)rperties.  Aged  MOR  and  MOE  values  were  con- 
ji^srably  higher  than  those  obtained  by  ASTM 
igng.  There  was  virtually  no  loss  in  MOE  from 
/PD  aging  as  shown  by  the  99%  retention  of  pre- 
igd  MOE.  This  test  was  judged  to  be  unsatis- 
Fatory  for  predicting  ASTM  accelerated  aging. 

Initial  screening  tests  also  indicated  that 
saple  specific  gravity  had  a  large  influence  on 
rCjUlts  regardless  of  the  test  method.  Thus 
spcific  gravity  was  included  as  a  variable  in 
al  subsequent  test  method  development. 


Laboratory  Development  of  Test 

The  first  portion  of  laboratory  development 
wck  was  carried  out  to  determine  the  relation- 
sfps  between  CSAD  and  ASTM  aged  MOE  including 
t\   effect  of  specific  gravity.  Table  2  shows 
rtression  equations  describing  the  relationship 
beween  CSAD  MOE  and  specific  gravity.   CSAD  MOE 
f('  each  panel  was  then  adjusted  to  the  same 
sjjcific  gravity  at  which  ASTM  MOE  was  measured 
f(*  that  panel.  Figure  1  shows  the  plot  of  ASTM 
M(t  against  specific  gravity  corrected  CSAD  MOE. 
Tl»  relationship  derived  between  ASTM  MOE  and  CSAD 
M)i  was  as  follows: 


Mi[  ASTM  (Mpsi)  =  0.698  MOE  CSAD  +  86.1 
r  =  0.40 
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Results  of  the  second  portion  of  laboratory 
development  work  testing  20  panels  are  given  in 
Table  3.  CSAD  MOE  values  corrected  to  the  speci- 
fic gravity  of  ASTM  MOE  samples  for  the  corre- 
sponding panel  are   also  shown.  Corrected  CSAD 
MOE  values  were  determined  from  regression 
equations  relating  CSAD  MOE  and  specific  gravity 
for  the  20  panels. 

Predicted  ASTM  MOE  was  determined  from 
equation  1  after  adjustment  for  specific  gravity, 
and  compared  to  measured  ASTM  MOE  values  for 
these  panels  (Table  4).  ASTM  MOE  values  pre- 
dicted from  CSAD  MOE  for  the  20  panels  are  in 
very  good  agreement  with  the  actual  ASTM  MOE 
results.  Maximum  difference  between  predicted 
and  measured  MOE  values  for  an  individual  panel 
was  30%,  with  the  majority  of  panels  falling 
within  the  range  of  +5%  to  +15%  of  the  actual 
value.  When  MOE  values  were  averaged  for  the  20 
panels  in  either  the  parallel  or  perpendicular 
directions  the  percentage  difference  between  pre- 
dicted and  measured  ASTM  MOE  vyas  reduced  to 
approximately  5%. 

CSAD  MOE  and  measured  ASTM  MOE  from  the  20 
panel  sample  (Table  3)  can  be  combined  with  data 
from  figure  1  to  give  an  improved  prediction 
equation  (see  fig.  2) . 

MOE  ASTM  (Mpsi)  =  0.681  MOE  CSAD  +  92.4   ...2 

/  =   0.58 

Laboratory  development  work  established  a 
relationship  between  CSAD  and  ASTM  accelerated 
aging  tests.  Based  on  the  laboratory  development 
work  CSAD  accelerated  aging  test  was  implemented 
as  a  mill  quality  control  procedure  to  predict 
ASTM  accelerated  aging  MOE. 


Mill  Verification  Tests 

Results  of  correlating  CSAD  MOE  measured  in 
the  mill  with  ASTM  MOE  measured  by  an  outside 
testing  agency  are  shown  in  table  5.  The  pre- 
dictive equations  in  table  5  are  very  similar, 
regardless  of  the  direction  of  sample  orientation. 
This  was  confirmed  by  substituting  a  range  of 
CSAD  values  into  the  equations  at  a  common  speci- 
fic gravity.  At  low  values  of  CSAD  MOE,  i.e, 
450  Mpsi,  there  was  a  5%  maximum  difference  in 
predicted  ASTM  MOE  between  the  three  predictive 
equations.  This  difference  increased  to  about 
11%  at  a  CSAD  MOE  of  700  Mpsi  and  to  about  15% 
when  CSAD  MOE  was  900  Mpsi  (table  6). 

Since  the  purpose  of  the  predictive  equations 
is  to  inform  production  staff  when  the  mill  pro- 
cess is  out  of  control  (i.e.,  ASTM  MOE  is 
falling  below  400  Mpsi  which  is  the 
minimum  allowable  value  for  11.1  mm  thick  panels), 
all  three  equations  in  table  5  v/ould  appear 
equally  valid  in  this  range  of  ASTM  MOE.  Since 
the  equation  calculated  from  parallel  and  perpen- 
dicular values  has  the  largest  sample  size  (n  = 
143)  and  the  best  index  of  determination  {r^   = 
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0.67)  it  would  be  best  suited  as  a  predictive 
equation.  This  equation  from  table  5  can  be 
simplified  for  use  as  a  quality  control  tool  by 
reducing  to  a  common  specific  gravity. 


MOE  ASTM  = 
/   =  0.67 


0.351  MOE  CSAD  +  396  SG  -  106 


.3 


Based  on  10  months  of  in-mill  monitoring, 
the  CSAD  rapid  accelerated  aging  test  was  adopted 
as  part  of  the  regular  mill  test  procedure  for 
measuring  panel  quality  when  significant  process 
changes  had  occurred.  Equation  3  would  be  recom- 
mended for  use  as  a  quality  control  tool  to  pre-, 
diet  ASTM  MOE.  As  additional  results  from  in- 
mill  CSAD  MOE  and  ASTM  MOE  from  the  outside 
agency  become  available,  that  data  can  be  com- 
bined with  previous  data  to  improve  the  relation- 
ship between  CSAD  MOE  and  ASTM  MOE. 


SUMMARY  AND  CONCLUSIONS 

Four  different  accelerated  aging  procedures 
were  evaluated  as  potential  methods  of  rapidly 
simulating  six-cycle  ASTM  D1037  accelerated  aging 
for  waferboard.  One  accelerated  aging  procedure 
(CSAD),  consisting  of  CSA  0188  accelerated  aging 
(2  hours  boil  and  1  hour  cold  water  soak)  fol- 
lowed by  24  hours  drying  showed  a  close  relation- 
ship with  ASTM  accelerated  aging.  Three  other 
accelerated  aging  methods,  CSA  0188  accelerated 
aging  with  no  drying  cycle  and  two  vacuum- 
pressure-soak  methods,  did  not  show  sufficiently 
close  relationship  with  ASTM  accelerated  aging. 

Subsequent  laboratory  development  work  es- 
tablished an  excellent  correlation  between  CSAD 
and  ASTM  accelerated  aging  tests.  ASTM  MOE  pre- 
dicted by  CSAD  method,  after  adjustment  for 
specific  gravity,  showed  that  the  majority  of 
panels  fell  within  ±15%  of  the  actual  ASTM  MOE 
value.  CSAD  accelerated  aging  test  allows 
prediction  of  aged  properties  in  27  hours  com- 
pared to  3  weeks  for  six-cycle  ASTM  accelerated 
aging  test. 

MacMillan  Bloedel  Research  established  and 
monitored  the  CSAD  rapid  aged  MOE  test  at 
MacMillan  Bloedel's  Thunder  Bay  Division  for 
approximately  one  year.  Findings  confirmed  the 
suitability  of  the  CSAD  test  method  as  a  quality 
control  procedure  which  would  enable  immediate 
corrective  action  if  there  is  evidence  that  the 
process  is  out  of  control.  CSAD  rapid  aged  MOE 
test  has  been  adopted  as  part  of  the  regular 
mill  test  procedure  to  evaluate  significant  pro- 
cess changes  at  MacMillan  Bloedel  mills. 
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able  1. --Bending  property  results  after  various  accelerated  aging  cycles 


Entire  panel Good  areas Bad  areas 

Test        MOR     MOE        MOE        MOR    MOE       MOE      ~MOR    MOT MOE 

ithods psi     Mpsi    %  retention    psi     Mpsi  %   retention    psi    Mpsi    t   retention 


5TM  D1037 

X  1999     470  82       2225  523  86  1408  331  71 

SD  551     124  10.4        454  101  8.6  272  49  6  7 

n  29     29  29        21  21  21  8  8  's 

range  870-3404  248-824  66-101  1322-3404  386-824  74-101  870-1758  248-392  66-83 


5A-0188 

vet) 

X 

1279 

290 

52 

1387 

318 

54 

1063 

233 

49 

SD 

295 

83 

8.8 

295 

84 

8.9 

140 

44 

8.8 

n 

21 

21 

21 

14 

14 

14 

7 

7 

7 

range 

856-2054 

167-398 

33-64 

942-2054 

187-398 

35-64 

856-1243 

167-280 

33-59 

;A-0188 

Iry) 

X 

2031 

496 

89 

2263 

548 

91 

1488 

376 

84 

SD 

587 

118 

7.4 

534 

98 

7.1 

254 

52 

6.6 

n 

20 

20 

20 

14 

14 

14 

6 

6 

6 

range 

1236-3654 

320-761 

72-103 

1677-3654 

439-761 

78-103 

1236-1896 

320-451 

72-90 

'S  (wet) 

X 

1243 

253 

45 

1304 

272 

45 

1120 

214 

44 

SD 

251 

72 

8.0 

282 

79 

9.0 

108 

35 

5.9 

n 

21 

21 

21 

14 

14 

14 

7 

7 

7 

range 

887-2121 

151-428. 

29-59 

877-2121 

151-428 

29-59 

968-1251 

170-262 

36-52 

'S  (dry) 

"x 

2332 

555 

99 

2483 

581 

99 

1880 

475 

97 

SD 

556 

109 

7.7 

533 

106 

8.0 

365 

79 

7.0 

n 

20 

20 

20 

15 

15 

15 

5 

5 

5 

range 

1458-3674 

393-919 

84-115 

1794-3674 

448-919 

84-115 

1458-2403 

393-576 

89-107 

X/x  =  mean,  SD  =  standard  deviation,  n  =  number  of  samples 


Table  2. --Relationship  between  specific  gravity  and  CSAD  MOE 


K/i-m  1  2    n^ 

Mill  1  r 


Parallel      CSAD  MOE  (Mpsi)  =  982SG  -  242  0.43  14 

Perpendicular  CSAD  MOE  (Mpsi)  =  1404SG  -  535  0.59  29 

Mill  2 

Parallel      CSAD  MOE  (Mpsi)  =  1004 SG  -  227  0.38  18 

Perpendicular  CSAD  MOE  (Mpsi)  =  1592SG  -  644  0.69  47 
*Number  of  samples 
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Table  3. --The  specific  gravity  CSAD  MOE  based  on  measured  CSAD  MOE  and  measured  ASTM  MOE 


Measured 

CSAD^/ 

Measured 

ASTM^/ 

Co 

rrected  CSAD 

MOE 

SG 

MOE 

SG 

MOE 

Panel 

Perpen- 

Perpen- 

Perpen- 

Perpen- 

Perpen- 

No. 

Parall 

el  dicular 

Parallel 

dicular 

Parall 

el  dicular 

Parallel 

dicular 

Parall 

el  dicular 

-Mpsi 

-Mpsi 

-Mpsi 

1 

442 

469 

.669 

.676 

394 

357 

.668 

.681 

437 

476 

2 

502 

540 

.678 

.675 

407 

397 

.665 

.660 

480 

512 

3 

467 

481 

.650 

.655 

473 

407 

.679 

.677 

512 

518 

4 

508 

474 

.696 

.668 

378 

425 

.675 

.685 

474 

502 

5 

585 

591 

.696 

.702 

454 

393 

.690 

.690 

574 

568 

6 

511 

524 

.685 

.678 

460 

386 

.697 

.675 

528 

517    1 

7 

511 

464 

.684 

.681 

492 

468 

.681 

.683 

505 

466 

8 

477 

522 

.650 

.663 

438 

431 

.690 

.670 

538 

531 

9 

554 

508 

.694 

.681 

482 

451 

.684 

.667 

537 

482 

10 

562 

551 

.676 

.678 

486 

395 

.675 

.647 

559 

495 

11 

488 

606 

.639 

.703 

586 

461 

.708 

.683 

596 

564 

12 

597 

494 

.712 

.680 

450 

502 

.695 

.702 

567 

531 

13 

477 

560 

.664 

.678 

411 

474 

.657 

.688 

464 

576 

14 

437 

483 

.665 

.675 

526 

486 

.690 

.687 

475 

502 

15 

506 

464 

.662 

.663 

416 

376 

.662 

.631 

504 

405 

16 

449 

536 

.628 

.722 

528 

424 

.698 

.686 

557 

472 

17 

451 

537 

.680 

.719 

471 

332 

.692 

.662 

468 

434 

18 

440 

452 

.687 

.702 

468 

426 

.711 

.717 

476 

475 

19 

583 

500 

.719 

.696 

446 

327 

.706 

.689 

561 

486 

20 

578 

479 

.705 

.670 

520 

355 

.717 

.664 

595 

469 

VAverage  of  3  specimens 


Table  4. --Predicted  and  measured  ASTM  MOE 


Corrected 

CSAD 

Pred 

icted 

ASTM 

Measured 

ASTM 

Di 

ffei 

'■ence 

Panel 

MOE 

MOE 

MOE 

No. 

Parall 

el  Perpendicular 

Paralle 

1  Perpendicular 

Parall 

el  Pe 

rpendicular 

Parall 

el 

Perpendicula 

-Mpsi-- 

-Mpsi- 

-Mpsi 

--Percen 

t 

1 

437 

476 

392 

419 

394 

357 

-1 

+17 

2 

480 

512 

422 

444 

407 

397 

+4 

+12 

3 

512 

518 

444 

449 

473 

407 

-6 

+10 

4 

474 

502 

418 

437 

378 

425 

+11 

+3 

5 

574 

568 

488 

484 

454 

393 

+7 

+23 

6 

528 

517 

456 

448 

460 

386 

-1 

+16 

7 

505 

466 

440 

412 

492 

468 

-n 

-12 

8 

538 

531 

463 

458 

438 

431 

+6 

+6 

9 

537 

482 

462 

423 

482 

451 

-4 

-6 

10 

559 

495 

477 

433 

486 

395 

-2 

+10 

11 

596 

564 

502 

481 

586 

461 

-14 

+4 

12 

567 

531 

483 

458 

450 

502 

+7 

+9 

13 

464 

576 

411 

489 

411 

474 

0 

+3 

14 

475 

502 

419 

437 

526 

486 

-20 

-10 

15 

504 

405 

439 

370 

416 

376 

+6 

-2 

16 

557 

472 

476 

416 

528 

424 

-10 

-2 

17 

468 

434 

414 

390 

471 

332 

-12 

+17 

18 

476 

475 

419 

419 

468 

426 

-10 

-2 

19 

561 

486 

479 

426 

446 

327 

+7 

+30 

20 

595 

469 

503 

414 

520 

355 

-3 

+17 

Average 

450 

435 

464 

414 

-3 

+5 

Range 

-20  to  4 

11 

-12 

to  +30 

82 


Table  5.--  Multiple  regression  equations  correlating  ASTM  MOE  with  CSAD  MOE  and  specific  gravity  (SG) 


Orientation 


1.  Parallel  ASTM  MOE  (Mpsi)  =  0.297  CSAD  MOE  -  1132  SG^^^p  +  1649  SG^^^^^  -  172 

2.  Perpendicular  ASTM  MOE  (Mpsi)  =  0.395  CSAD  MOE  -  262  SG  ^^  +  1116  SG^^-^^,  - 

3.  Combined  ASTM  MOE  (Mpsi)  =  0.351  CSAD  MOE  -  905  SGj,^^^  +  1301  SG^^-^,^  -  106 


.35    72 

.43     72 
.67    143 


Table  6. --Predicted  ASTM  MOE  values  for  selected 
values  of  CSAD  MOE  at  a  specific  gravity  of  0.65 


CSAD  MOE  (Mpsi)    450 


700 


950 


Orientation 


Predicted  ASTM  MOE  (Mpsi! 


Parallel 

Perpendicular 

Combined 


298 

314 
309 


372 

446 

413 

513 

397 

485 

Maximum  differ- 
ence (%)* 


5.4 


n.o 


15.0 


*Maximum  difference  in  predicted  ASTM  MOE  between  parallel, 
perpendicular,  and  combined  parallel-perpendicular  values. 
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igure  l.--Plot  of  ASTM  MOE  against  specific 
gravity  corrected  CSAD  MOE. 
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Figure  2. --Plot  of  ASTM  MOE  against  corrected 
CSAD  MOE. 
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DURABILITY  OF  STRUCTURAL  FLAKEBOARD 

FROM  SOUTHERN  HARDWOODS  SPECIES-^ 

M.  W.  Kelly  and  E.  W.  Price^'' 


Abstract. --Flakeboard  panels  made  with  individual 
species  (sweetgum,  hickory,  red  oak,  v^hite  oak,  and  pine) 
and  with  a  20  percent  mixture  of  each  species  were  sub- 
jected to  a  series  of  exposure  conditions.  Mechanical 
and  physical  properties  were  determined  and  compared  to 
commercial  waferboard.  At  50  percent  RH  condition,  sweet- 
gum,  red  oak,  and  hickory  panels  had  properties  similar  to 
the  commercial  waferboard  at  a  similar  density  (42  pcf). 
However,  after  the  APA  6-cycle  exposure  and  the  ovendry- 
vacuum-pressure  soak  exposure,  only  sweetgum  retained 
physical  properties  equal  to  waferboard. 


INTRODUCTION 

The  quantity  of  low-grade  hardwoods  growing 
I  the  South  continues  to  increase.  These  hard- 
pods  are  on  sites  more  suitable  to  pines  and  on 
rdwood  sites  that  are  not  properly  managed, 
iitil  the  forest  sites  are  stocked  with  quality 
■ees  and  properly  managed,  the  quantity  of  low- 
ade  hardwoods  will  continue.  However,  the 
ber  presently  occupying  these  sites  must  first 
I  economically  removed.  Structural  particle- 
lijard  or  flakeboard  may  provide  a  solution  or  in- 
rntive  to  remove  this  undesired  fiber  material. 

Our  objective  was  to  determine  if  a  struc- 
iral  panel  could  be  produced  from  this  material 
vth  properties  comparable  to  that  of  commercially- 
iailable  waferboard.  We  were  particularly  inter- 
(ted  in  property  retentions  after  several  expo- 
!re  evaluation  conditions. 


Many  laboratory  exposure  conditions  are 
t  evaluate  the  property  retention  or  durabil 
c  structural  panels.  Some  widely  used  condi 
ce  the  ASTM  D  1037  (ASTM  1977),  variations  o 
vfcuum-pressure  soak  test  (Heebink  1967)  incl 
qendrying  prior  to  soak,  multiple  vacuum-pre 
a;d  soaking  times  and  temperatures  (Gertjejan 
€  al.  1973;  Hall  and  Gertjejansen  1974;  Hall 
Grtjejansen  1979;  Hse  1976;  Lehmann  1974;  an 
Rver  et  al .  1981)  and  the  APA  test  methods  S 
alter  D-5  exposure  (American  Plywood  Associat 
131).  With  the  possible  exception  of  the 
Vi:uum-pressure  soak  and  its  variations,  thes 
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Silence,  N.C.  State  University,  Raleigh,  NC  and 
Pincipal  Wood  Scientist,  Southern  Forest  Experi- 
(Tit  Station,  Pineville,  LA. 


conditions  are  all  too  long  for  assistance  in 
process  control.  Also,  all  of  these  tests  do  not 
accurately  simulate  the  type  of  exposure  en- 
countered by  most  structural  panels  in  service. 


MATERIALS  AND  METHODS 


Five  species,  sweetgum,  h 
white  oak,  and  pine,  were  used 
panels  at  three  different  dens 
A  sixth  panel  type,  consisting 
of  the  previous  five  species, 
three  different  panel  densitie 
the  species,  species  density, 
densities,  and  the  calculated 
for  each  panel  density.  Four 
were  produced  from  each  specie 
combination  for  a  total  of  72 
comparative  purposes,  commerci 
(assumed  to  be  fabricated  with 
chased  and  evaluated. 


ickory,  red  oak, 
to  make  flakeboard 
ities  per  species, 
of  equal  portions 
also  was  made  at 
s.  Table  1  contains 
nominal  panel  target 
compaction  ratios 
replicate  panels 
s-panel  density 
panels.  Also,  for 
al  waferboard 
aspen)  was  pur- 


The  laboratory  panels  (table  1)  were  produced 
with  the  following  manufacturing  parameters. 


1 .  Panel  size  (trimmed! 

2.  Nominal  thickness 

3.  Press  temperature 

4.  Press  time 


-  36  by  32  inches 

-  0.5  inch 

-  350°F 

-  8  minutes 


5.  Liquid  phenolic  resin  -  5.5  percent  resin 

solids  based  on  OD 
wood  weight 


6.  Flakes 


T}is  is  paper  No.  8868  of  the  Journal  Series  of 
tie  N.C.  Agric.  Res.  Serv.,  Raleigh,  NC. 


-  Produced  on  shaping 
lathe;  approximately 
3-inch  long, random 
width,  thicknesses  of 
0.025  inch  for  core 
and  0.015  inch  for 
face 
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7.  Panel  construction 


8.  Time  to  stops 


Maximum  press  pressure  - 


random  flake 
orientation  with 
50%  of  panel  weight 
in  core  and  25%  of 
panel  weight  in 
each  face 

5  seconds  to  1 
minute  dependent 
on  species  and 
panel  density 

340  to  600  psi 
dependent  on 
species  and  panel  • 
density 


The  properties  and  exposure  conditions 
evaluated  for  each  panel  type  were: 

1.  Static  bending  and  internal  bond  (ASTM 
D  1037  test  procedures). 

a)  Control  conditioned  at  50%  RH,  70°F 
(2  specimens  per  panel).  Internal 
bond  determined  from  non-failed 
portion  of  sample. 

b)  Tested  wet  after  ovendry-vacuum- 
pressure  soak  (2  specimens  per 
panel).  Unable  to  determine  inter- 
nal bond  because  of  rough  surfaces. 

c)  Tested  after  APA  6-cycle  D-5 
exposure  (2  specimens  per  panel). 
Unable  to  determine  internal  bond 
because  of  rough  surfaces. 

2.  Linear  expansion  and  thickness  swelling 

a)  Equilibrium  at  50%  RH  to  equili- 
brium at  90%  RH  (ASTM  D  1037)  (2 
specimens  per  panel). 

b)  From  ovendry  to  vacuum-pressure 
soak  (2  specimens  per  panel). 

3.  Static  bending  of  1-  by  5-inch  specimen 
on  edge,  APA  S-6  test  procedure  (Ameri- 
can Plywood  Association  1981). 

a)  Control  conditioned  at  50%  RH  and 
70'-'F  (4  specimens  per  panel). 

b)  Tested  after  APA  6-cycle  D-5 
exposure  (4  specimens  per  panel) 

c)  Tested  after  equalization  at  50% 
RH  and  70OF  following  D-5  exposure 
(4  specimens  per  panel). 

In  addition,  two  specimens  per  panel  were 
exposed  in  a  weatherometer  to  continuous  irrad- 
iation with  a  Xenon  arc  lamp  at  a  wavelength  of 
340  nm  to  a  total  irradiation  of  500  kj/m^. 
For  18  minutes  of  each  two-hour  cycle  specimens 
were  subjected  to  a  water  spray  on  the  irradi- 
ated surface.  Qualitative  evaluation  of  appear- 


ance and  percent  thickness  swelling  were  deter 
mined  after  exposure. 


RESULTS  AND  DISCUSSION 

Static  Bending  (ASTM) 

The  average  density,  compaction  ratio,  an^^ 
modulus  of  rupture  (MOR)  of  specimens  from  all  i, 
density-species  combinations  after  conditioning 
after  the  ovendry-vacuum-pressure  soak  (OD-VPS 
and  after  the  APA  D-5  exposures  were  obtained 
(table  2).  MOR  values  are  based  on  dimensions 
of  test  specimen  at  time  of  testing. 

Comparing  the  results  for  the  conditioned 
specimens,  most  species-density  combinations  han 
MOR  values  higher  than  the  commercial  waferboarn 
The  lowest  density  pine,  37.5  lbs.  per  cu.  ft 
(pcf ),  and  white  oak  (42.5  pcf)  panels  are  the 
only  exceptions.  Pine,  at  42.5  pcf,  red  oak  atl] 
42.4  pcf,  hickory  at  42  pcf,  and  the  sweetgum  a 
42.9  and  35.9  pcf  are  the  species-density  combi 
nations  with  average  MOR  values  higher  than 
waferboard  values  at  similar  or  lower  panel 
densities.  All  other  species-density  combina- 
tions have  both  MOR  values  and  panel  densities 
greater  than  the  waferboard.  These  results 
illustrate  the  increase  in  MOR  with  increasing 
panel  density  or  compaction  ratio. 
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Ki 


The  two  exposure  conditi 
strophic  effect  on  the  MOR  fo 
OD-VPS  exposure  resulted  in  o 
of  the  conditioned  MOR  values 
The  sweetgum,  red  oak,  and  pi 
ties  similar  to  waferboard  al 
25%  of  the  conditioned  MOR. 
density  combinations,  with  de 
values  similar  to  waferboard 
retain  25%  of  the  conditioned 
VPS  exposure. 


ons  had  a  cata- 
r  all  panels.  The 
nly  a  25%  retentior 

for  the  waferboarc 
ne  panels  at  densi- 
so  retained  only 
Other  species- 
nsities  and  MOR 
values,  did  not 

MOR  after  the  00- 


The  waferboard  samples  retained  44%  of  the 
unexposed  MOR  after  the  D-5  exposure.  None  of 
the  experimental  panels  with  densities  similar 
to  the  waferboard  before  exposure  retained  this 
level  of  MOR  after  D-5  exposure;  the  lowest  den- 
sity sweetgum  had  the  highest  retention  of  39%. 
Even  though  none  of  the  experimental  panels 
equaled  the  waferboard  in  percent  MOR  retention 
after  the  D-5  exposure,  the  two  lower  density 
sweetgum  classes  had  higher  MOR  values  than  the 
waferboard  after  exposure. 


The  extremely  poor  results  for  all  densities 
of  white  oak  panels  after  exposure  indicates  a 
lack  of  durable  bonding  with  this  species.  The 
original  MOR  values  for  the  unexposed  samples 
were  lower  than  would  be  expected  for  the  panel 
density  but  after  both  the  OD-VPS  and  D-5  expo- 
sures the  samples  practically  fell  apart;  the 
MOR  retention  for  all  density-exposure  white  oak 
combinations  was  less  than  10%. 

Table  3  contains  the  apparent  modulus  of 
elasticity  (MOE)  determined  on  the  same  specimens  - 
reported  in  table  2.  MOE  values  are  based  on    !, 
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■'dhensions  of  test  specimen  at  time  of  test. 
l!;ernal  bond  strength  of  specimens  obtained 
fom  a  non-failed  portion  of  the  conditioned 


itic  bending  samples  are   also  reported  in  table 


The  MOE  results  for  the  conditioned  specimens 
isely  follow  MOR  trends.  Only  the  lowest  den- 
,s.y  panels  of  hickory,  pine,  and  white  oak  had 
j'rage  MOE  values  below  and  the  waferboard 
rrage  in  the  unexposed  state  and  these  were  only 
niginally  lower.  The  experimental  panels  with 
■Jisity  comparable  to  the  waferboard  all  had  MOE 

ues  which  compared  favorably  with  the  wafer- 
Dcrd. 


The 
reained 
)ry  the 
reained 
3L  the  1 
ni'dle  de 
jtve  20;' 
jesity  s 
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waferboard  samples  after  OD-VPS  exposure 
27%  of  the  MOE  of  the  unexposed  samples, 
lowest  density  of  the  sweetgum  panels 
a  higher  percentage  after  exposure  (30%) 
owest  density  of  red  oak  as  well  as  the 
nsity  of  sweetgum  and  pine  all  retained 

For  experimental  panels  of  initial 
imilar  to  that  of  the  vjaferbord  only  the 
sweetgum,  and  pine  had  MOE  values  similar 
ferboard  after  OD-VPS  exposure. 


The  MOE  retention  for  the  waferboard  after 
th  APA  D-5  exposure  was  also  27%  but  the  two 
lopr  density  classes  of  the  sweetgum  panels 
reained  more  than  30%.  All  other  experimental 
Da'^ls  retained  less  than  20%  of  the  MOE  value 
ifkr   this  exposure  condition.  Also,  only  the 
iwetgum  and  pine  had  MOE  values  comparable  to 
thjwaferboard  at  similar  density  levels. 

The  internal  bond  averages  for  all  experi- 
ne:al  panels  with  densities  similar  to  that  of 
th  commercial  waferboard  were  all  substantially 
)e)w  the  82  psi  average  of  waferboard.  Only 
?x;rimental  panels  with  densities  higher  than 
th'Waferboard  produced  internal  bonds  equal  to 
vajrboard.  The  increase  in  internal  bonds  within 
th; three  density  classes  of  each  species  reflects 
th| increase  in  the  compaction  ratio  and  the  sub- 
se'iient  improvement  in  bonding.  The  lower  inter- 
ia  bonds  for  the  sweetgum  and  pine  panels  as 
:oi)ared  to  the  hickory  and  red  oak,  even  when 
Ihi'compaction  ratios  are  higher  for  the  pine  and 
;w(!tgum,  probably  is  a  reflection  of  the  higher 
idhsive  level  per  unit  of  particle  surface  with 
thi'higher  density  species--hickory  and  red  oak. 
rhilow  internal  bonds  for  the  white  oak  panels 
53  ompared  to  the  hickory  panels  at  similar  com- 
5a(,ion  ratios  is  a  further  indication  of  the 
30C  bonding  normally  obtained  with  white  oak  and 
ahtiol -formaldehyde  adhesive. 


The  combined  results  of  tables  2  and  3,  MOR 
jntMOE  after  exposure  versus  the  control,  indi- 
:al'  only  the  sweetgum  species  is  capable  of  pro- 
ducing a  phenolic  bonded  panel  with  bending  prop- 
?rl!es  comparable  to  commercial  waferboard  on 
sqiivalent  panel  density  basis.  Even  though 
oarls  from  other  species  were  produced  with  con- 
:ti1;oned  density  and  bending  strength  properties 


lar  to  waferboard,  the  similarity  of  properties 
ot  retained,  except  for  sweetgum,  after  both 
sures. 


Linear  Expansion  and  Thickness  Swelling 

Fifty  to  Ninety  Percent  Relative  Humidity 

The  linear  expansion  and  thickness  swelling 
of  one  specimen  per  panel  were  determined  between 
equilibrium  at  50%  and  equilibrium  at  90%  rela- 
tive humidity,  both  at  70°F  (table  4).  The 
equilibrium  moisture  content  (EMC)  and  density  at 
50  and  90%  relative  humidity  were  also  determined. 

The  waferboard  attained  a  substantially  lower 
EMC  at  50  and  90%  RH  than  any  of  the  experimental 
panels.  The  reduced  hygroscopicity  of  the  wafer- 
board  material  is  probably  due  to  differences  in 
the  drying  or  pressing  conditions  between  the 
commercially  produced  waferboard  and  the  experi- 
mental panels.  The  wax  in  the  waferboard  is  not 
believed  to  be  effective  in  reducing  the  hygro- 
scopicity of  the  waferboard. 

The  higher  EMC's  in  the  experimental  panels 
did  not  result  in  higher  linear  expansion;  the 
white  oak  was  the  only  species  with  linear  expan- 
sion values  comparable  to  the  waferboard.  Most 
of  the  experimental  panels,  except  white  oak,  had 
only  ten  percent  of  the  linear  expansion  of  the 
waferboard.  However,  the  percent  thickness 
swelling  trend  in  the  same  relative  humidity 
increment  was  reversed;  i.e.,  thickness  swelling 
of  experimental  panels  was  at  least  equal  or  10% 
higher  than  that  of  the  waferboard.  The  white  oak 
panel  thickness  swelling  was  approximately  70% 
higher  than  the  waferboard. 

The  higher  compaction  ratio  of  the  aspen  in 
the  waferboard  should  produce  a  higher  resin  util- 
ization efficiency  as  compared  to  the  experimental 
panels.  However,  improved  resin  efficiency  would 
be  expected  to  produce  lower  linear  expansion  and 
thickness  swelling.  If  the  aspen  in  the  wafer- 
board  had  tension  wood,  a  higher  longitudinal 
change  would  occur.  Another  possible  explanation 
for  the  difference  in  linear  expansion  could  be 
particle  orientation.  A  severe  inclination  angle 
of  the  wafers  during  the  forming  process  resulting 
in  the  wafers  not  being  in  the  plane  of  the  panel 
could  contribute  to  a  higher  linear  expansion. 
Also,  if  the  flakes  were  accidentally  oriented 
with  the  long  axis  parallel  to  the  length  of  the 
linear  expansion  specimen,  the  linear  expansion 
would  be  less.  Unfortunately,  no  linear  expansion 
measurements  were  made  in  the  across-the-panel 
direction.  Other  possible  differences  could  be 
related  to  the  resin.  The  resin  content  of  the 
expermental  boards  was  higher  and  was  a  liquid. 
This  may  have  resulted  in  a  heavier  and  possibly 
a  more  uniform  resin  application  in  the  experi- 
mental boards. 

Ovendry  to  Vacuum-Pressure  Soak 

Table  5  contains  the  average  moisture  content, 
thickness  swelling,  and  linear  expansion  values 
for  each  species-density  combination  of  samples 
subjected  to  vacuum-pressure  soaking  after  oven 
drying.  Also  included  in  table  5  are  the  averages 
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for  waferboard  specimens  subjected  to  the  same 
exposure. 

The  average  moisture  content  at  the  end  of 
the  soaking  cycle  decreased  with  increasing 
panel  density,  consistent  with  the  decrease  in 
the  panel  void  volume.  With  this  exposure  the 
thickness  swelling  for  the  waferboard  was  again 
less  than  that  of  most  of  the  experimental  panels 
and  only  the  white  oak  panels  had  higher  linear 
expansion  than  the  waferboard.  The  trend  of 
these  results  duplicates  those  for  the  50  to  90% 
relative  humidity  exposure.  Also,  no  consistent 
relationship  within  species  was  evident  between 
either  thickness  swelling  or  linear  expansion 
and  panel  density.  The  higher  compaction  ratio 
of  the  commercial  waferboard  probably  resulted 
in  better  resin  efficiency  which  also  produced 
lower  thickness  swelling  for  this  exposure.  How- 
ever, the  anomalous  results  for  the  linear  expan- 
sion of  the  waferboard  do  not  indicate  better 
resin  efficiency. 
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Static  Bending  (APA  5-6^ 


Control 


The  average  breaking  loads  for  edge-loaded 
specimens,  1  by  5  inches,  for  all  density 
classes  of  all  species,  and  for  the  waferboard, 
are  presented  in  table  6.  The  test  specimens 
were  conditioned  to  moisutre  equilibrium  at  50% 
relative  humidity  and  70OF  prior  to  testing. 

The  average  breaking  load  increased  with 
increasing  panel  density  (compaction  ratio)  for 
every  species  studied.  With  the  exception  of 
the  lowest  density  classes  of  hickory,  pine,  and 
white  oak,  all  experimental  panels  had  average 
breaking  loads  higher  than  the  commercial  wafer- 
board.  However,  except  for  the  low  density 
mixture  and  the  middle  density  pine  panel  classes, 
the  experimental  panels  also  had  densities 
higher  than  the  waferboard.  The  higher  density 
panels  and  the  higher  resin  content  both  con- 
tributed to  the  higher  breaking  load  for  the 
experimental  panels. 

After  APA  D-5  Exposure 

Table  7  contains  the  average  breaking  load 
for  edge-loaded  samples,   1   by  5  inches,  after 
exposure  to  the  APA  6-cycle  D-5  accelerated 
aging  test.     The  average  breaking  load  of  the 
lowest  density  panels  within  each  species  was 
always  significantly  lower  than  the  two  higher 
densities  and  only  the  highest  density  panels 
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Re-conditioned  after  D-5  Exposure 

Table  8  contains  the  average  breaking  lo 
density,  and  moisture  content  for  samples  exp 
to  the  6-cycle  D-5  aging  and  then  re-conditio 
to  moisture  equilibrium  at  70°F  and  50%  relat 
humidity.  The  final  step  in  the  D-5  exposure 
a  15-hour  drying  period  in  an  oven  set  at  180 
Consequently,  the  moisture  content  of  the  tes 
specimens  tested  after  the  D-5  exposure  (tabl 
is  lower  than  for  the  re-conditioned  specimen 
table  8.  All  density  classes  of  the  sweetgum 
panels  had  breaking  loads  significantly  above 
those  of  the  waferboard,  as  did  the  two  highe 
densities  of  the  red  oak  and  the  highest  dens 
of  the  hickory,  pine,  and  mixture. 


The  comparison  between  the  experimental 
panels  and  the  waferboard  after  exposure  to  titl 
D-5  tests  should  not  only  consider  panel  densv 
and  the  breaking  load  but  percent  retention, 
percent  retention  can  be  calculated  from  the 
information  in  tables  6,  7,  and  8. 

Most  of  the  species  used  in  the  study 
retained  only  30%  of  the  original  breaking  locK 
but  the  sweetgum  and  waferboard  both  retained! 
approximately  60%.  The  white  oak  continued  asi' 
the  worst  performer,  retaining  less  than  10%  c 
the  original  breaking  load. 

Weatherometer 

Table  9  contains  the  average  moisture  conn 
tent  and  thickness  swelling  for  all  panel  typen 
after  weatherometer  exposure.  This  exposure 
consisted  of  500  kj/m^  irradiation  with  a  Xenoii 
arc  lamp  at  340  nm  wavelength,  and  an  18-minut<t 
water  spray  on  one  surface  of  the  sample  every 
two  hours.  Thus,  the  samples  were  subjected  t 
a  cyclic  wetting  and  drying  exposure.  Four 
separate  weatherometer  runs  with  one  specimen  (' 
panel  type  per  run  were  performed  and  the  aver 
age  given  in  table  9.  The  target  irradiation 
level,  500  kj/m^',  occurred  shortly  after  the  ci  t 
pletion  of  the  water  spray  cycle  in  one  run  re- 
sulting in  a  66%  M.C.  average.  The  others  aver-, 
aged  49,  43,  and  44%.  Since  the  thickness  swell 
of  the  samples  was  similar  in  the  four  runs, 
moisture  content  and  thickness  swelling  are 
averaged  over  all  four  runs  (Table  9). 

None  of  the  experimental  panels  came  close 
to  equaling  the  commercial  waferboard  in  either 
thickness  swelling  or  moisture  content.  The 
average  moisture  content  of  the  waferboard  sam-' 
pies  was  only  9%  with  only  a  4%  increase  in 


ckness.  The  lowest  density  sweetgum  panel  had 
next  lowest  moisture  content  and  thickness 
lling,  45.9%  and  32.8%,  respectively.  There 
very  little  difference  in  either  the  moisture 
tent  or  thickness  swelling  between  species  or 
lieen   densities  within  species  except  for  the 
j,[te  oak  panels.  With  similar  density  values 
[[/white  oak  panels  had  substantially  higher 
if,i;ture  content  and  more  thickness  swelling  than 
;ls  of  other  species.  In  fact,  white  oak 
2ls  essentially  doubled  in  thickness  (100% 
:kness  swell)  and  had  moisture  contents  above 
at  the  end  of  the  exposure  cycle. 
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The  exceptionally  low  water  absorption  and 
kness  swelling  of  the  commercial  waferboard 
omewhat  surprising.  Much  of  this  excellent 
r  resistance  can  undoubtedly  be  attributed  to 
iwax  content  in  the  waferboard  preventing  the 
r  spray  from  penetrating  the  surface. 


The  weatherometer  results  with  the  waferboard 
r^substantial ly  different  from  the  results 
bjined  in  the  ovendry  to  vacuum-pressure  soak 
e: .  In  the  soaking  test  the  wax  did  not  prevent 
3r  from  penetrating  and  swelling  the  panel, 
silly  wax  is  thought  to  be  ineffective  in 
irting  water  vapor  adsorption  and  quite  effective 
njeducing  small  amounts  of  liquid  water  pene- 
riion.  The  results  of  this  study  indicate  that 
hewax  may  have  been  very  effective  against 
icjid  water  sprayed  on  the  surface  but  much  less 
jfljctive  when  the  material  was  submerged  in  water 
.^n^'the  included  air  evacuated.  The  experimental 
yatils  contained  no  wax  and  did  not  offer  any 
■Resistance  to  the  penetration  of  the  water  spray 
n1  the  surface  of  the  weatherometer  specimens. 


CONCLUSIONS 

The  results  of  this  study  are  not  overly 
ncuraging  with  regard  to  using  the  southern  hard- 
0(^s  as  a  furnish  for  exterior-quality  flakeboard 
t|  density  comparable  to  commercial  waferboard. 
■arj  of  the  experimental  panels  had  properties 
s  ood  as  waferboard  on  unexposed  samples  but, 
pCi  subjecting  the  panels  to  the  various  expo- 
urs,  the  majority  of  the  experimental  panels 
icnot  have  percent  retentions  equal  to  wafer- 
oed.  Sweetgum  was  the  only  species  examined 
hih  produced  panels  with  properties  comparable 
0  ommercial  waferboard  at  a  comparable  density, 
ut^sweetgum,  the  lowest  density  species  used  in 
hejstudy,  had  a  higher  compaction  ratio  compared 
0  jhe  other  species.  This  higher  compaction 


ratio  enhances  all  of  the  physical  properties 
relative  to  other  species  with  the  same  panel 
density  but  lower  compaction  ratio.  To  obtain 
panel  properties  after  exposure  equal  to  or 
greater  than  waferboard  with  all  the  other 
species  studies,  the  panel  densities  must  be 
increased  above  that  of  the  waferboard. 
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various  exposures  which  leads  one 
product's  suitability  in  contin- 

xposures. 
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Table  1. --Species,  density,  nominal  target  density,  and  calculated  target  compaction 
ratio  for  experimental  panels 


Species 

Hickory 
Pine 
Red  oak 
Sweetqum 
Whi  te  oak 
Mi  xtijre 


Species 
densi tyl/ 

Target 
and  c( 

panel   density!/ 
impaction  ratioly 

43.0 

43/1.00 

46/1.07 

54/1.26 

30.7 

38/1.24 

43/1.40 

46/1.50 

36.7 

43/1.17 

46/1.26 

49/1.34 

29.0 

36/1.24 

43/1.48 

46/1.59 

40.1 

43/1.07 

46/1.15 

50/1.25 

35.9 

43/1.20 

46/1.28 

49/1.36 

1/Ovendry  weight,   green  volume  in  pcf 
wOvendry  weight,   test  volume  in  pcf 
^/Compaction  ratio  =  panel    density 
~w6^od'~den^f  i  ty 


Table  2. --Average  test  density  and  modulus  of  rupture  for  ASTM  D  1037   static  bending  after  conditionir: 
and  after  two  exposure  treafcuents  for  all    species  density  combinationsly 


^'UlLt'L'm'^ OD-VPS  exposure D-5  exposure 

Species                CR^y  Density  MOrI/  Density  MOrI/  Density  MOrI/ 

_                                    —-^  ---^                  p^^      ■  "ps"i  pcT                      psi 

Hickory               0.98  42.0  2677  A  29.1  483  A  26.6  405  A 

1.07  46.0  3636   B  30.8  585  A  29.0  550  A 

1.18                    50.7  4450  C  36.7  1151    B  33.9  1268  B    i 

Pine                     1.21                    37.5  2167  A  27.5  471    A  26.2  515  A 

1.38  42.4  3506  B  31.6  810  B  29.7  818  B 

1.47  45.2  4213   C  32.2  795  B  31.1  957   B 


Red  oak 

1.15 
1.26 
1.34 

42.2 
46.1 
49.3 

3473 
4857 
5492 

A 
R 
B 

30.5 
32.8 
34.8 

844 
1149 
1200 

A 
B 
B 

28.0 
30.6 
31.2 

739  A 
1264   B 
1128  B 

Sweetgum 

1.24 
1.48 
1.52 

35.9 
42.9 
44.1 

3387 
5193 
4950 

A 
B 
B 

28.4 
31.4 
33.0     . 

928 
1250 
1356 

A 
B 
B 

27.3 
30.2 
31.5 

1334  A 
1590  A 
1600  A 

White  oak 

T.06 
1.12 
1.18 

42.5 
45.0 
47.3 

2524 
2843 
3217 

A 

AB 

B 

23.1 
25.1 
26.5 

165 
228 
299 

A 
B 
C 

17.9 
19.8 
20.9 

70  A 
113   B 
137  C 

Mixture 

1.16 
1.28 
1.33 

41.7 
46.0 
47.6 

3404 
4013 
4676 

A 

AB 

B 

29.2 
31.5 
34.5 

656 

789 

1091 

A 
A 
B 

28.3 
27.8 
30.7 

757   A 

709  A 

1092   B 

Waferboard^ 

-- 

42.0 

2618 

30.4 

654 

31.3 

1154 

l/Averages  based  on  2  specimens  from  each  of  4  replicate  panels.     All   MOR  and  density  values  are 
based  on  specimen  dimension  at  time  of  test. 

lyCompaction  ratio  =  specimen  density  at  test  (OD  weight,   test  volume) 

wood  density  (OD  weight,   green  volume) 

lyAverages  within  species  per  test  condition  followed  by  common  letter  are  not  significantly  dif- 
ferent at  0.0005  level. 

l/Average  of  4  specimens 


90 


Table  3. --Internal  bond,  density,  and  modulus  of  elasticity  for  ASTM  D  1037  test  specimens  of  all 
species-density  coinbinationsly 


Species 

( 

:ondi 

tioned 

OD-yps 

Density 

exposure 
MO  Ely 

D-5  ex 

Density 

-  pcf"    -^ 

26.6 
29.0 
33.9 

posure 

[B 

Density 

MOE^V 

CR2y 

MO  Ely 

Hickory 

0.98 
1.07 
1.18 

PST_ 

43  A 

50  A 

115   B 

pcf 

42.0 
46.0 
50.7 

recoup  sT 

434  A 
509  B 

590  C 

pcf 

29.1 
30.8 
36.7 

"nraaT 

51 

"""raafr'p's'f" 

73.6 

76.6 

147.7 

A 
A 
B 

49.3   A 
57.8   A 

124.5   B 

Pine 

1.21 
1.38 

1.47 

23 
38 
53 

A 
B 
C 

37.5 
42.4 
45.2 

568 
630 
731 

A 
B 
C 

27,5 
31.6 
32.2 

83.8 
132.8 
121.6 

A 
B 
B 

26.2 
29.7 
31.1 

77.6   A 
119.8   B 
129.0   B 

Red  oak 

1.15 
1.26 
1.34 

64 

101 

92 

A 
B 
AB 

42.2 
46.1 
49.3 

540 
668 
727 

A 
B 
B 

30.5 
32.8 
34.8 

123.4 
161.6 
171.3 

A 
B 
8 

28.0 
30.6 
31.2 

94.0   A 
140.2   R 
125.5   B 

Sweetgum 

1.24 
1.48 
1.52 

49 
68 
88 

A 
B 
C 

35.9 
42.9 
44.1 

502 
677 
658 

A 
B 
8 

28.4 
31.4 
33.0 

149.1 
167.9 
181.4 

A 
A 
A 

27.3 
30.2 
31.5 

178.2   A 
207.2   A 
189.6   A 

White  oak 

1.06 
1.12 
1.18 

30 
38 
59 

A 
A 
B 

42.5 
45.0 
47.3 

477 
521 
548 

A 

AB 

B 

23.1 
25.1 
26.5 

26.3 
32.8 

42.5 

A 
A 
B 

17.9 
19.8 
20.9 

6.2   A 

9.6   B 

11.5   C 

Mi  xture 

1.16 
1.28 
1.33 

40 
64 
80 

A 

B 
B 

41.7 
46.0 
47.6 

542 
615 
678 

A 

AB 

B 

29.2 
31.5 
34.5 

102.5 
113.5 
153.5 

A 
A 
B 

28.3 
27.8 
30.7 

90.1    A 

73.1    B 

118.6   C 

Waferboardl/ 

-- 

82 

42.0 

486 

30.4 

129.6 

31.3 

132.5 

IVAverages  based  on  2  specimens  from  each  of  4  replicate  panels.  All  MOE  and  density  values  are 
3ased  on  specimen  dimensions  at  time  of  test. 

lyCompaction  ratio  =  specimen  density  at  test  (OD  weight,  test  volume) 

wood  density  (OD  weight,  green  volume) 
l/Averages  within  species  per  test  conditions  followed  by  common  letter  are  not  significantly  dif- 
ferent at  0.0005  level. 

Z/Average  of  4  specimens 
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Table  4. --Panel  density  and  moisture  content  in  eouilibriun  v/it'n  50  and  90  percent  relative  humidity 

and  linear  expansion  from  equilibrium  at  50  to  equilibrium  at  90  percent  relative  humidityly 

Density^  Moisture  content  Linear 

expansionly  Thickness 

_     swelling 

Species                         50%   RH              50%   RH  50%   RH            90%  RH  ~TU^W/o  RH  50-90%   RH 

Hickory                        40.3                    31.3  8.15                23.49  0.021    AB  28.7   A 

43.4  34.5  7.92                22.58  0.002   A  25.7   A 

49.5  39.8  8.16                22.63  0.044   B  24.4   A 

Pine                             37.9                   31.0  7.85               21.10  0.017   A  22.1    A 

43.4                    34.9  7.85                21.45  0.005  A  24.0  A 

46.0                    36.7  7.89                21.48  0.012   A  25.4   A 

Red  oak                       42.9                   35.8  7.56               20.31  0.015  A  19.5   A 

45.0                    37.1  7.62                21.20  0.011    A  21.1    AB 

47.9                    38.3  7.76                21.37  0.029   B  24.9   B 

Sweetgum                     35.3                   30.3  7.75               21.55  0.002  A  16.4  A 

41.7  34.2  7.85                22.76  ---  22.1    B 

44.0  35.9  7.61                 22.41  ---  22.5   B 

White  oak                   40.3                   30.1  7.87               20.91  0.171    A  33.0  A 

42.8  31.8  7.77                21.29  0.186   A  34.0   A 

47.1  34.8  8.25                21.67  0.194   A  34.9   A 

Mixture                       42.9                   34.9  7.65               21.06  0.036  A  22.5  A 

44,4                    36.2  8.03                21.01  0.044   A  22.4   A 

47.3                    38.2  7.82                21.58  0.030   A  23.7   A 

Waferboardiy             42.5                   35.2  5.84               17.37  0.197  20.1 


1/Average  of  1    sample  from  each  of  4  replicate  panels 


^Ovendry  weight,   test  vo 
iVAverages  within  species 


lume 


1  evel 


pecies  followed  by  common  letter  are  not  significantly  different  at  0.0005 


1/Average  of  2   samples 


92 


Table  5. --Average  of  moisture  content,  thickness  swelling,  and  linear  expansion  for  specimens 
subjected  to  ovendry  to  vacuum-pressure  soak  exposurely 


Moisture  con_ti?nt       Th_ic_knes_s_  s_wetjjng        Linear  expansion 
'"^    '^'StanrfaVd  '  S'tandard  ^J'tYnl'ard 

Species         Averaqe^y   deviation   Average^    deviation    Average!/    deviation 


-Percent- 


Hickory         126.4  A      7.11      45.1  A        2.30 

6.72 
3.20 

Pine  144.8  A      5.92      42.3  A    '    3.90 

4.76 
4.47 

Red  oak         122.8  A      4.88      38.0  A        2.47 

4.41 
5.23 

Sweetoum        153.0  A     10.90      33.2  B        4.57 

4.54 
2.40 

White  oak  143.2   A  8.82  74.2  A  10.48 

1.59 
5.65 

Mixture  131.3   A  7.14  42.6   A  3.06 

116.2   B  3.86  45.3   B  2.07 

105.5   C  4.95  40.7   A  2.35 

Waferboardly  112.0  4.65  37.2  1.84  0.39  0.007 


126.4 

A 

7.11 

113.9 

B 

4.16 

87.6 

C 

3.67 

144.8 

A 

5.92 

123.6 

B 

2.95 

115.7 

C 

3.99 

122.8 

A 

4.88 

106.8 

B 

3.05 

102.1 

C 

7.41 

153.0 

A 

10.90 

123.5 

B 

13.70 

114.9 

B 

4.49 

143.2 

A 

8.82 

134.7 

AB 

7.43 

126.9 

B 

6.09 

45 

1 

A 

45 

8 

A 

39 

0 

B 

42 

3 

A 

45 

2 

AB 

47 

9 

B 

38 

0 

A 

36 

6 

A 

38 

6 

A 

33 

2 

B 

38 

6 

A 

41 

5 

A 

74 

2 

A 

68 

8 

B 

68 

0 

B 

0.29  AB 

0.027 

0.28  A 

0.036 

0.31    B 

0.030 

0.19   A 

0.013 

0.17   A 

0.032 

0.19   A 

0.013 

0.18   A 

0.019 

0.19   A 

0.011 

0.22   B 

0.006 

0.13   A 

0.016 

0.14   A 

0.016 

0.17   A 

0.102 

0.46   A 

0.037 

0.47   A 

0.025 

0.47   A 

0.009 

0.24  AB 

0.019 

0.25   A 

0.028 

0.22   B 

0.021 

L/Average  based  on  2   specimens  from  each  of  4  replicate  panels 

Zywithin  species  averages  with  common  letter  are  not  significantly  different  at  the 
0.0005   level 

l/Average  of  4  specimens 
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Table  6. --Average  breaking  load  for  each  density 

class  of  all    species  for  1-inch  by  5-inch 

control    specimens  tested  in  static  bending  on 
edgel/ 


Table  7. --Average  breaking  load  after  D-5  cyclii 
exposure  for  each  density  class  of  all  specie 
for  l-inch  by  5-inch  specimens  tested  by  edge 
static  bendingly 


Species 


Compaction  Breaking 
Density^    ratioly    loadiy 


—  p:c_f 

IJy 

> 

H  i  c  k  0  ry 

40.3 

0.93 

203 

A 

44.2 

1.03 

318 

B 

50.4 

1.17 

511 

C 

Pine 

36.9 

1.20 

214 

A 

42.0 

1.37 

331 

B 

45.8 

1.49 

398 

C 

Red  oak 

41.0 

1.12 

325 

A 

45.5 

1.24 

443 

B 

47.0 

1.28 

490 

B 

Sweetgum 

35.4 

1.22 

299 

A 

42.0 

1.45 

420 

B 

44.8 

1.54 

499 

C 

White  oak 

40.9 

1.04 

196 

A 

43.7 

1.09 

248 

B 

47.2 

1.18 

323 

C 

Mixture 

40.8 

1.14 

267 

A 

45.1 

1.26 

402 

B 

47.1 

1.31 

468 

C 

Species 

Density^/ 

Moisture 
content 

Breaking 
load^y 

Standai  ( 
deviat' ; 

pcf 

% 

-lbs 

Hickory 

25.4 
27.7 
32.1 

3.13 
3.19 
2.96 

62 
103 
199 

A 
B 
C 

26.5 
37.9 
45.0 

Pine 

26.5 
29.7 
31.7 

1.88 
1.65 
1.68 

61 
121 

153 

A 
B 
C 

18.8    L 
32.3  )l 
22.8  if 

Red  oak 

26.7 
29.7 
28.8 

3.79 
3.65 
3.30 

112 
168 
150 

A 
B 
B 

37.0  )) 
48.9  ili 
49.7 

Sweetgum 

27.6 
28.6 
29.7 

2.56 
2.82 
2.83 

190 
247 
279 

A 
B 
B 

51.2 
79.1 
75.4 

White  oak 

18.9 
19.3 
19.6 

3.04 
2.71 
2.39 

18 
25 
28 

A 
B 
B 

8.1 

8.2 

10.1 

Mixture 

24.0 
26.9 
29.1 

3.74 
4.04 
3.54 

95 
117 
155 

A 
B 
C 

28.2 
18.6 
29.8 

Waferboardiy   41.8 


237 


Waferboardi/  29.5 


1.94 


145 


51.1 


lyAverages  based  on  4   specimens   from 
each  of  4   replicate  panels 

^Ovendry  weight,   test  volume 

lyCompaction   ratio  = 

panel    density   (OP  wt,   test  volume) 
wood  density  (OD  wt.  ,   green  volume) 

lywithin  species  averages  with  common 
letters  are  not  significantly  different  at  the 
0.0005  level 

^/Average  of  8  specimens 


l/Average  of  4  specimens  from  each  of  4 
repl icate  panels 

lyOvendry  weight,   test  volume 

lywithin  species  averages  with  common 
letter  are  not  significantly  different  at 
the  0.0005  level 

1/Average  of  8  specimens 
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ble  8. --Average  breaking  load  after  equal i- 
zationj^  following  0-5  cyclic   exposure  for 
each  density  class  of  all    species   for  1-inch 
by  5  inch  specimens  tested  by  edge  static 
bending^y 


ecies        Densityl/ 


Moisture 
content 


Breaking  Standard 
load         deviation 


■';Hckory 


,Pr»e 


Rd  oak 


:  S 


etgum 


Wite  oak 


Mkture 


pcf 

25.9 
27.6 
31.6 

25.1 
28.5 
29.7 

26.2 
29.2 

28.6 

27.5 
28.0 
30.0 

18.6 
19.5 
20.3 

25.9 
27.9 
30.3 


% 

9.42 
9.44 
9.19 


85  A 
120  B 
224  C 


-Ibs- 


-Wlferboard^y  28.1 


.14 
.04 
.16 

.44 
.41 
.43 

.72 
.75 

.74 


9.36 
9.70 
9.67 

9.04 
9.11 
8.92 

7.72 


87   A 


M 
143 
165 

128 
190 
193 


229  A 

263  A 

318  B 

23  A 

32  B 

35  B 

113  A 

145  B 

201  C 

138 


26.4 
45.3 
49.3 

16.6 
25.3 
27.6 

46.1 
54.4 

57.7 

57.6 
69.2 
37.3 

9.3 

12.0 

9.5 

31.4 
25.0 
28.2 

28.2 


l/Equalized  to  700F   and  50°/,  RH 

I/Average  of  4  specimens  from  each  of  4 
r  )1  icate  panel  s 

3yovendry  weight,   test  volume 

zywithin  species  averages  with  common  letter 
a;  not  significantly  different  at  the  0.0005 
Ifel. 
'     l/Average  of  8  specimens 


Table  9. --Average  moisture  content  and  thickness 
swelling  after  weatherometer  exposure  for  all 
density  classes  of  all    species  studied 


Moisture  contently       Thickness  swellly 


Standard 

Standard 

Species 

Average 

deviation 

Average 

deviation 

Hickory 

52.5 

14.7 

56.4 

6.5 

50.2 

10.6 

60.0 

5.3 

49.1 

8.4 

53.0 

4.2 

Pi  ne 

49.4 

11.6 

45.6 

6.7 

46.5 

12.6 

45.6 

7.0 

47.6 

11.9 

49.1 

6.2 

Red  oak 

55.0 

12.4 

51.1 

7.5 

55.3 

12.7 

50.3 

6.9 

56.7 

9.6 

57.6 

7.2 

Sweetgum 

46.9 

14.9 

32.8 

3.8 

49.9 

12.6 

48.7 

8.1 

47.6 

10.9 

48.3 

6.0 

White  oak 

65.6 

22.1 

98.2 

7.9 

68.3 

20.4 

98.9 

4.5 

68.9 

15.0 

101.9 

3.5 

Mi  xture 

50.6 

14.0 

55.6 

9.0 

51.0 

10.5 

58.8 

5.9 

50.8 

11.4 

54.5 

5.1 

Waferboard^/  9.0 


0.5 


4.0 


2.0 


lyAverages  based  on  2   specimens  from  each  of 
4  repl icate  panels 

l/Average  of  4  specimens 
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STRUCTURAL  DURABILITY  OF  3-LAYER  ORIENTED  h'LAKEBGARD  FROM  SOUTHERN  HARDWOODSi/ 

E.  J.  Biblisi/ 


Abstract. --This  paper  presents  partial  experimental 
results  of  an  ongoing  study  that  concerns  properties  of 
oriented  flakeboard  from  southern  hardwood  species.      Speci- 
fically,  the  paper  contains  experimental    tests  results  of 
physical   and  certain  important  mechanical   properties  of  3 
layered  oriented  flakeboard  fabricated  from  a  mixture  of 
southern  hardwoods   (35%  red  oak,   15%  white  oak,   35%  sweet- 
gum,   and  15%  yellow  poplar)    blended  with  a  commercial   liquid 
phenol    formaldehyde  resin   (6%  solids).     Boards  were  1/2-inch 
thick   (lyR-inch  face  and  back,   1/4-inch  core)    with  an  average 
board  density  of  44.6  pounds   per  cubic   foot.      The  preliminary 
experimental   results  indicate  that  appropriate  mixtures  of 
high  and  low  density  southern  hardwoods  can  be  used  to  fabri- 
cate commercially  acceptable  oriented  boards  1/2-inch  thick 
for  sheathing  in  housing.  


INTRODUCTION 

,^   Southern  forests  consist  primarily  of 
'  )uthern  yellow  pine  and  several  hardwoods  of 
3mmercial  importance  such  as  southern  red  and 
lite  oak,  sweetgum,  yellow  poplar,  tupelo,  and 
ickories.  Southern  yellow  pine  is  the  main 
iw  material  for  pulp  and  paper,  for  lumber, 
lywood,  for  poles  and  for  particleboard  and 
iberboard. 

Demand  for  hardwoods  by  the  pulp,  paper, 
id  particleboard  industries  is  small,  amounting 
3  only  15  to  25%  of  their  needs.  The  greatest 
?mand  for  hardwoods  is  for  pallets  and  railroad 
ies,  with  a  smaller  demand  for  flooring,  furni- 
jre,  veneers,  plywoods,  and  tools. 

In  recent  years,  the  growth  from  the 
Duthern  yellow  pine  forests  has  been  increasing. 
)wever,  the  diameter  of  harvested  pine  trees 
'|is  been  decreasing  with  time  (American  Plywood 
jsociation  1981).  At  the  same  time,  utilization 
f  hardwood  forests  yields  is  decreasing  (Koch 
p82) .  Thus,  new  suitable  uses,  products  and 
schnologies  for  hardwoods  may  be  feasible  (Hunt 
t  al.  1978). 

Approximately  50°^  of  the  United  States' 
jftwood  plywood  for  sheathing  in  housing  is 
'iinufactured  from  southern  yellow  pine.  When 
ie  current  economic  conditions  improve  and 
Duse  construction  reaches  levels  to  satisfy 


J_ /Paper  presented  at  Workshop  on  Durability, 
?nsacola,  FL,  October  5-7,  1982. 

£/1^rofessor.  Wood  Utilization,  Department 
f  Forestry,  Auburn  University,  AL  36849.   This 
^search  was  supported  by  Mclntire  funds.  Pro- 
pet  931,  and  appropriated  funds  from  the  Alabama 
pricultural  Experiment  Station. 


needs,  demand  for  plywood  sheathing  will  surpass 
current  production  levels  by  3  to  4  billion  sq. 
ft.  (3/6-inch  basis)  per  year  (American  Plywood 
Association  1981).  Part  of  this  additional 
sheathing  may  be  manufactured  in  the  form  of 
oriented  flakeboard  either  entirely  from  indivi- 
dual southern  species  of  low  density  hardwoods 
(sweetgum,  yellow  poplar),  or  from  a  mixture  of 
the  above  species  with  a  large  percentage  of 
southern  oaks. 

According  to  the  U.S.  Forest  Service  statis- 
tics (1977),  the  growing  stock  (9  inches  above  in 
diameter)  of  all  hardwoods  in  the  South  (104.3 
billion  cubic  ft.)  represents  52%  of  the  total 
southern  forests  (Forest  Service-USDA  1978). 
Sweetgum  and  yellow  poplar  represent  12%  and  7%, 
respectively,  of  all  hardwood  growing  stock  in 
the  South. 

From  sweetgum  and  yellow  poplar,  thin,  long 
and  smooth  flakes  desirable  for  structural  flake- 
board can  be  produced  (Geimer  and  Price  1978, 
Price  and  Lehmann  1978).  Both  species  have  excel- 
lent gluability  and  could  be  used  to  produce  a 
flakeboard  panel  equal  to  or  better  than  the 
existing  commercial  Canadian  waferboards  from 
Aspen. 

Southern  oaks  (non-select)  represent  approxi- 
mately 29%  of  all  hardwood  growing  stock  in  the 
South  (Forest  Service-USDA  1978).  Red  and  white 
oaks  are  dense  and  difficult  species  to  machine 
into  high  quality  flakes  and  difficult  to  glue  for 
exterior  use.  Thus,  mixing  southern  oaks  with 
lower  density  hardwood  species,  such  as  sweetgum, 
and  yellow  poplar,  might  produce  structural  boards 
with  acceptable  properties  and  board  densities. 

This  paper  presents  the  current  experimental 
results  from  an  ongoing  study  concerning  oriented 
flakeboard  from  southern  hardwood  species.  Speci- 
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ficdlly,   experimental   data  are  presented  on 
certain  properties  of  3-layer  oriented  boards 
fabricated  from  a  mixture  of  red  oak   (35%), 
white  oak   (15%),    sweetgum  (35%),   and  yellow 
poplar   (15%). 


PANEL  FABRICATION 

Twenty  panels,   4   ft.    by  8  ft,    1/2-inch 
thick,   with  three  layers  cross-oriented,    were 
fabricated  in  a  pilot  plant  at  Lewiston,    Idaho. 
Following  are  the  variables  used  for   fabri- 
cation of  these  panels: 

Raw  material:      Debarked  logs,   8  ft.    long,    less' 
than  9-inch  diameter 

Flaker:  (PRZ-28  Hombak)  drum-type  machine 

Particle  size:  0.025-inch  thick,  70  mm  long, 
variable  length 

Removal   of  fines:     Passing  screen  1/16-inch 

Particle  of  moisture  (MC):     4-5%  dry,    9%  out 
of  blender 

Resin:      Liquid  phenol -formaldehyde,   6%  solids 
(Reichhold  No.    22-743) 

Wax:     Emulsion,    1%  solids 

Mat   formation:      1/^-inch  each   face  and  back 
layers,   oriented  parallel    to 
panel    length 

1/4-inch  thick  core  oriented 
perpendicular  to  faces 

Hot  pressed:     At  420OF   for  6  mintues 

Desired  density:     42  to  48  pcf 

Board  size:      53   inches  by  102  inches  trimmed  to 
48  inches  by  96  inches 


PANEL   TESTING 

Six  panels  were  selected  for  this  testing 
from  the  20   fabricated  panels.      Panels  were 
selected  to  represent  the  density  variation 
among  all    fabricated  panels,   and  were  used  to 
obtain  specimens   for  evaluation  of  the   follow- 
ing properties  at  three  moisture  (MC)   condi- 
tions. 

1)     Flexure  parallel   to  face  particle 
orientation.      Four   specimens  with  orientation 
of  face  particles  parallel   to  span  from  each 
of  the  six  panels  were  tested  to  destruction 
under  each  MC  condition.     A  total  of  72  speci- 
mens  (4  replications  for  each  of  6  panels 
under  3  moisture  conditions)    were  tested. 
The  three  test  conditions  were  the  following: 
original    (65  RH,   720F),    soaked  (48  hours),   and 
cycled  (soaked  and  reconditioned  at  65%  RH  and 
720F).      Specimen  dimensions  were  5  inches  by 
26  inches  (24-inch  span).     Matching  of  speci- 


iiiens  in  three  conditions  was  obtained  by  cons; 
cutively  assigning  each  cut  specimen  to  one  cf 
the  three  MC  test  conditions  in  sequence  and  : 
repeating.  Specimens  were  tested  to  failure  i 
central  loading  at  speeds  according  to  ASTM  { 
D1037  (American  Society  for  Testing  and  Mater- 
1981).  i 

2)    Plate  shear  modulus.      Two  specimens  1 
inches  by  16   inches,    from  each  panel    (12   spec; 
mens)    were   tested  under  each  moisture  MC  condl 
tion.      Testing  was  performed  according  to  ASTI' 
03044  (American  Society  for  Testing  and  Mate 
1981). 


3)  Edgewise  shear  strength  (rail  shear),! 
Four  specimens  3.5  inches  by  10  inches  from  e89( 
panel  were  tested  under  each  MC  condition.  AA 
total  of  72  specimens  (4  replications  for  eacM 
of  5  panels  under  3  moisture  conditions)  were e 
tested  according  to  ASTM  D1037  (American  Socleti 
for  Testing  and  Materials   1981). 

4)  Internal  bond  (IB).  Twenty- four  spec( 
mens  from  each  panel  (144  specimens  altogether^! 
were  tested.  One  half  of  the  specimens  were 
tested  at  the  original  condition,  the  other  hafi( 
tested  after  48-hour  soaking  and  reconditioned'! 
to  original  condition,  according  to  ASTM  D1037 
(Society  for  Testing  and  Materials  1981). 

5)  Dimensional   changes  with  changes  in  Mi, 
Twelve  specimens,    16  inches  by  16  inches   (two 
specimens   from  each  panel)    were  measured  for 
dimensional   change  and  water  absorption.      Chani; 
in   length  (parallel   to  face  particle  orientatic 
and  in  width   (perpendicular  to  face  particle 
orientation)    were  measured  from  the  original 
moisture  condition   (65%  RH,    720F)    to  the  48-hor 
soaked  condition.      Changes  in  thickness  and  the 
percent  of  water  absorption  were  measured  from 
the  original   condition  to  the  soaked  condition 
and  again  when  the  specimens  reached  equilibrj 
back  at  the  original   condition. 


RESULTS  AND  DISCUSSION 

Strength  properties  of  3-layered  orientej 
flakeboard  from  one  mixture  of  southern  hard-j 
woods  are  presented  in  table  1.  Presented  foi 
comparison,  in  the  same  table,  are  published 
properties  of  other  wood  panels  tested  at  the 
same  moisture  conditions  (Biblis  and  Lee  1982, 
Biblis  and  Mangalousis  1982). 

In   flexure  parallel   to  particle  orienta- 
tion,   the  modulus  of  elasticity  (MOE)   after 
cycling  is  53%  and  59%  of  MOE  values  of  composll 
plywood  and  3-ply  CDX   southern  pine  plywood, 
respectively.      It  is  more  than  2  times  stiffer 
than  Aspen  waferboard.     After  cyclinq,  the 
MOE  of  the  3-layer  Obb  was  reduced  by  28%,   the 
composite  plywood  reduced  by  16.5%,    the  southern 
plywood  by  7.7%  and  the  Canadian   flakeboard 
reduced  by  26.8%.      The  MOR  value  of  the  oriented 
board  after  cycling  was  60%  and  8)%  of  the  MOR 
values  of  composite  plywood  and  of  CDX   southern 
pine  plywood,   respectively.      It  is  more  than  2 
times  stronger  than  the  Aspen  waferboard. 
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The  plate  shear  modulus  of  the  oriented 
hoard  after  cycling,    was  75%  and  69%  of  shear 
values   for  composite  plywood  and  Canadian 
waferboard,    respectively.     The  value  of 
oriented  board  was  35%  larger   than   that  of 
southern  pine  plywood.      The  rail   shear   strength 
of  the  oriented  board  after  cycling  was  29%, 
34%,   and  17%  hioher  than  values  of  composite 
plywood,    CDX   southern  pine  plywood  and  Canadian 
waferboard,    respectively.     The  internal   bond 
strength  of   the  oriented  board  after  cycling 
was  slightly  higher  than  the  value  of  the  com- 
posite plywood  and  higher   than   the  Aspen 
waferboard. 


Results  in  table  1  indicate 
of  3-layer  oriented  board  from  a 
southern  hardwoods  are  lower  tha 
CDX  southern  pine  plywood  and  ex 
posite  plywood;  however,  they  ar 
higher  than  properties  of  the  Ca 
board.  It  should  be  pointed  out 
3-layer  oriented  board  is  approx 
higher  in  density  than  the  Canad 
the  flexural  properties  of  the  o 
are  more  than  double  those  of  th 
waferboard. 
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respective 
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sional  changes  of  the  oriented  board 
er  wood  panels  are  presented  in  table 

swelling  of  the  oriented  board  along 
s  length  and  width  (parallel  and  per- 

to  face  particle  orientation, 
ly)  is  equal  to  that  of  the  Aspen 

and  considerably  lower  than  that  of 
plywood  and  commerical  southern  pine 
Water  absorption  from  55%  RH  to  48- 
ng  is  higher  for  the  oriented  board 
ny  of  the  other  boards. 


SUMMARY 


This  paper  presents  partial   experimental 
results  of  an  ongoing  large  study  that  concerns 
properties  of  oriented   flakeboard  from  southern 
hardwood  species.      Specifically,   the  paper  con- 
tains experimental   tests  results  of  physical 
and  certain  important  mechanical   properties 
of  3   layered  oriented  flakeboard  fabricated 
from  a  mixture  of  southern  hardwoods   (35%  red 
oak,    15%  white  oak,   35%  sweetgum,   and  15% 
yellow  poplar)    blended  with  a  commercial   phenol 
formaldehyde  resin   (5%  solids).      Boards  were 
1/2-inch  thick   (1/S-inch   face  and  back,   1/4-inch 
core)    with  an  average  board  density  of  44.6 
pounds  per  cubic   foot. 

Experimental   results  indicate  that  proper- 
ties of  the  oriented  boards  are  lower  than  com- 
merical  COX   southern  pine  plywood  and  of  experi- 
mental  composite  southern  pine  plywood,    however, 
they  are  considerably  higher  than  properties  of 
commercial   Aspen  waferboard.      It  should  be 
pointed  out  that  although  the  3-layer  oriented 
board  is  approximately  8%  denser  than  the 
Aspen  waferboard,     the  flexural   properties   in 
the  direction  of  face  particle  orientation  of 
the  oriented  board  are  more  than  twice  that  of 


the  randomly  oriented  Aspenite  waferboard.    Linear 
dimensional   changes  of  the  oriented  board  with 
changes  of  moisture  from  65%  RH  to  48-hour  soaked 
condition  are  equal   to  those  of  the  Canadian 
waferboard  and  much  better  than  those  of  the 
southern  pine  plywood  and  composite  plywood. 
Thickness  swelling  of  the  oriented  board  is 
approximately  2%  higher  than  that  of  the  Aspen 
waferboard. 

In   summary,   the  preliminary  experimental 
results  indicate  that  appropriate  mixtures  of 
high  and  low  density  southern  hardwoods  can  be 
used  to  fabricate  commercially  acceptable 
oriented  boards  1/2-inch  thick   for  sheathing  in 
housing.      Such  boards,   although  5-10%  denser  than 
Aspen  waferboards,  would  also  be  substantially 
stronger  and  stiffer. 
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COMPACTION  RATIO  AND  RESIN  COVERAGE  EFFECTS  ON  PROPERTIES 
OF  THICK,  PHENOLIC-BONCED  FLAKEBOARD^/ 


James  T.  Rice- 


2/ 


Abstract. --Flakeboards  1.5-inch  fhick  were  made  with 
various  wood  densities  (species),  boarcl  densities,  flake 
thicknesses,  and  weight  percent  resin  contents.  Property 
data  were  analyzed  for  dependence  on  compaction  ratio 
(C/R)  and  resin  coverage  (R/C).  Linear  regression  anal- 
yses showed  that  some  72%  of  the  variation  in  MOR,  MOE,  and 
IB  data  was  explainable  through  dependence  upon  C/R  and 
R/C,  thus  suggesting  that  these  parameters  may  be  useful  in 
preliminary  analysis  of  untested  board  compositions.  For 
a  24-hour  watersoak  thickness  swelling,  a  dependence  on  R/C 
was  significant  but  accounted  for  only  35%  of  the  variation 
in  the  swelling  data.  However,  C/R  did  not  significantly 
affect  the  swelling. 


INTRODUCTION 

The  concept  of  COM-PLY  panel  and  lumber 
prducts  has  been  fully  described  by  Koenigshof 
ar  others  (1977-1982)  in  the  U.S.  Forest  Ser- 
vife's  COM-PLY  report  series.  COM-PLY  basically 
utjlizes  a  particleboard  (most  often  a  flake- 
bc|rd)  center  or  core  with  adhesively  bonded 
scid  wood  (usually  veneer)  faces  or  edge-bands 
tcadd  strength  and  stiffness.  The  thrust  of 
tY   COM-PLY  idea  is  to  utilize  small,  and  per- 
ha.'s  low  grade,  trees  to  generate  the  construc- 
tin  lumber  and  panels  which  currently  have  to 
beproduced  from  larger,  higher  quality  and 
irreasingly  scarcer  timber.  The  practical  and 
ecnomic  feasibility  of  the  COM-PLY  concept  will 
ti"|s  hinge  on  being  able  to  use  a  wide  range  of 
vjcd  species,  and  the  economic  success  will  cer- 
tanly  depend  on  keeping  binder  content  and 
ccts  as  low  as  possible. 


The  present  study  was  undertake 
at  the  usefulness  of  the  compaction 
ar  resin  coverage  rate  (R/C)  parame 
ditors  of  particleboard  properties 
CC-PLY  performance)  when  using  a  ra 
spcies.  From  the  earliest  days  of 
bcrd  research  the  topic  of  species 
reated  interactions  with  other  mate 
orcess  variables  has  been  of  intere 
wck  tended  more  toward  empirical  st 
ccmon  species  and  related  variables 
1S|2,  Rice  1960).  However,  recent  s 
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been  more  analytical  as  to  which  characteristics 
have  contributed  most  to  the  differences  between 
species,  and  considerable  attention  has  been 
given  to  the  interaction  between  wood  density  and 
board  density,  variously  called  compression  ratio 
or  compaction  ratio  (Geimer  and  Price  1978,  Hse 
1975,  Rice  and  Carey  1978,  Vital,  Lehmann,  and 
Boone  1974).  These  latter  studies  have  all  indi- 
cated a  definite  effect  of  the  compaction  ratio, 
especially  on  the  strength  properties  of  particle- 
board. It  is  generally  assumed  that  the  compac- 
tion ratio  is  indicative  of  the  degree  of  con- 
solidation and  inter-particle  contact  established 
within  a  board  as  it  is  pressed.  It  could  also 
be  thought  of  as  a  measure  of  the  bonding  pres- 
sure available  to  form  the  inter-particle  adhe- 
sive joints  needed  to  hold  the  board  together. 

One  of  the  most  widely  recognized  and  re- 
searched factors  in  particleboard  composition  has 
been  the  adhesive  binder  amount  and  its  distri- 
bution. Numerous  studies  have  examined  variation 
of  the  weight  percentage  of  resin  binder  solids 
included  in  particleboard  (Klauditz  1952,  1954, 
Rice  and  Carey  1978,  Turner  1954).  It  has  fur- 
ther been  recognized  that  the  normal  wood  gluing 
concept  of  adhesive  spread  rate  (Ibs/MSGL, g/m2 
might  be  a  better  parameter  to  measure  and  re- 
port than  weight  percentage,  if  it  could  be  accu- 
rately determined  (Meinecke  and  Klauditz  1962). 
The  problem  of  determining  resin  coverage  rate 
with  precision  is  evident  when  one  considers  the 
difficulty  of  accurately  determining  the  total 
surface  area  for  a  given  quantity  of  particles. 
The  problem  is  somewhat  solvable  in  the  case  of 
flake-like  particles  with  a  known  average  thick- 
ness. Fairly  simple  formulas  have  been  put  forth 
to  compute  the  surface  area  of  flakes  and  the 
resultant  resin  coverage  rates  when  given  weight 
percentages  of  resin  are  added  (Meinecke  and 
Klauditz  1962). 
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In  the  present  study,  this  computational 
approach  to  the  determination  of  flake  surface 
area  was  taken  and  a  modified  formula  is  given 
later.  It  will  be  seen  that  the  key  factors 
affecting  resin  coverage  rate  are  (a)  weight  per- 
cent resin  added,  (b)  wood  density,  and  (c)  parti- 
cle geometry  (especially  flake  thickness). 

It  can  thus  be  seen  that  the  key  species 
characteristic  of  wood  density  affects  both 
compaction  ratio  and  resin  coverage  rate.  Spe- 
cies effects  on  board  properties  might  then  be 
best  expressed  through  consideration  of  these  two 
factors. 


EXPERIMENTAL  DESIGN 

As  indicated,  the  objective  of  this  study 
was  to  determine  the  effectiveness  of  compaction 
ratio  and  resin  coverage  rate  as  predictors  of 
particleboard  properties,  especially  in  coreboard 
for  COM-PLY  lumber,  i.e,  in  H-inch  thick  flake- 
boards.  The  ultimate  purpose  was  to  devise  an 
approach  for  assessing  new  species  and  species 
blends  without  exhaustive  laboratory  tests  each 
time. 

It  was  recognized  (a)  that  the  key  factors 
affecting  compaction  ratio  are  wood  density  and 
board  density,  and  (b)  that  the  key  factors  af- 
fecting resin  coverage  rate  are  weight  percent 
resin  addition,  wood  density,  and  flake  thickness. 
Four  southeastern  hardwood  species,  covering  a 
fairly  broad  range  of  recorded  wood  densities 
(FPL  1974)  were  chosen  for  study.  They  are 
listed  in  table  1,  along  with  their  target  (book 
value)  specific  gravities,  their  actual  average 
green  volume  basis  specific  gravities  and  their 
estimated  specific  gravities  based  on  volume  at 
5%  moisture  content.  Loblolly  pine  was  also  in- 
cluded in  the  study  as  a  control  reference 
species,  and  is  also  cataloged  in  table  1. 

In  addition  to  the  species  variable,  three 
levels  of  board  density  were  chosen,  namely  32, 
38,  and  44  pounds  per  cubic  foot  (based  on  wood 
and  resin  dry  weight  per  unit  volume  of  board 
conditioned  to  EMC  at  70  F  and  65%  RH).   Further- 
more, two  weight  percent  levels  of  phenol - 
formaldehyde  resin  solids  addition,  namely  4% 
and  7%  and  two  levels  of  target  average  dry  flake 
thickness,  namely  .015"  and  .030",  were 
chosen.  Thus  a  range  of  compaction  ratios  was 
generated,  based  on  the  different  wood  and  board 
densities  chosen.  To  further  enhance  this  aspect 
of  the  study,  two  species  blends  were  also  in- 
cluded, namely  (a)  yellow-poplar  and  white  oak 
blended  to  the  specific  gravity  average  of  sweet- 
gum,  and  (b)  sweetgum  and  mockernut  hickory 
blended  to  the  specific  gravity  average  of  white 
oak.  Table  2  summarizes  the  vital  information 
on  the  experimental  combinations  studied  showing 
the  calculated  compaction  ratios  and  resin  cover- 
age rates  and  measured  average  flake  thicknesses 
obtained.  Since  experimental  variation  in  the 
actual  vs.  target  board  densities  and  flake 
thicknesses  were  encountered,  the  actual  values 
were  measured  and  reported  and  used  in  computing 
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the  compaction  ratios  and  resin  coverage  rates 
recorded.  The  formulas  used  in  computing  compact 
tion  ratios  and  resin  coverage  rates  are  given  (| 
footnotes  to  table  2.  The  literature  has  not  bej 
specific  as  to  what  exact  measure  of  wood  and 
board  density  should  go  into  the  computation  of 
compaction  ratio.  However,  it  is  clear  that  the 
intent  is  to  estimate  the  degree  of  compaction  o 
densification  of  the  wood  in  the  pressing  of  a 
board.  Thus,  in  this  study  an  attempt  was  made  d 
approximate  that  wood  densification  and  the  form^ 
la  shown  as  footnote  2  to  table  2  was  used.  In 
reviewing  table  2,  it  is  seen  that  compaction 
ratios,  in  this  study,  ranged  from  as  low  as 
around  0.6  up  to  a  high  of  around  1.4.  Based  on 
other  wood  and  board  density  measurements  (e.g., 
green  volume  wood  density  and  as-is  total  weight 
per  unit  volume  of  board)  the  equivalent  values 
would  have  ranged  from  approximately  0.8  up  to 
1.75. 

The  formula  used  for  computing  resin  cover-ll 
age  rate  is  given  as  footnote  3  to  table  2  and 
the  computed  values  are  recorded  in  the  body  of  ^ 
table  2.  As  will  be  noted,  the  actual  average 
flake  thicknesses  varied  from  the  two  target 
levels  chosen.  This  reflected  the  differing 
responses  the  species  had  to  cutting  on  the  labo- 
ratory flaker.  These  differences  were  not  noted 
until  the  study  had  been  essentially  completed. 
The  resin  coverage  rates  reported  ranged  from  a 
low  of  around  3.5  grams  of  PF  solids/m^  of  flake 
surface  up  to  around  14.5  g/m^.  As  a  matter  of 
comparison  with  more  traditional  glue  spreads,  a 
40  Ibs/MSGL  spread  (20  Ibs/M  of  divided  spread) 
of  a  28%  PF  solids  glue  mix  in  pine  plywood  would 
correspond  to  27.34  grams  of  PF  solids  per  square' 
meter  of  surface. 
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EXPERIMENTAL  PROCEDURE 


Raw  Material 


The  wood  utilized  in  this  study  all  came 
from  trees  from  a  single,  mature,  mixed  pine- 
hardwood  stand  located  near  the  campus  of  the 
University  of  Georgia  (Oconee-Denmark  forest). 
An  initial  survey  of  that  stand  showed  that  all 
five  species  to  be  studied  (i.e.,  yellow-poplar, 
sweetgum,  white  oak,  mockernut  hickory  and  lob- 
loblly  pine)  were  present  in  good  amount.  Incre- 
ment cores  were  sampled  at  breast  height  from 
several  trees  of  each  species.  The  specific 
gravities  (Sg's)  of  these  cores  were  determined 
by  the  maximum  moisture  content  method  and  whole 
tree  averages  estimated.  Trees  of  estimated 
proper  whole  tree  average  Sg  values  were  taken  in 
sufficient  number  (generally  2-3  trees  of  each 
species)  to  yield  an  adequate  amount  of  wood  for 
flaking. 

When  felled,  disks  were  cut  from  the  base, 
mid-section  and  top  of  the  tree,  and  Sg  values 
for  the  wood  in  those  disks  used  to  determine  the 
tree-average  Sg  values  reported  in  table  1. 

Logs  from  the  selected  trees  were  sawn  into 
nominal  2"  x  4"  and  2"  x  6"  lumber  on  a  small 
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Scdiill.  Care  was  taken  to  cut  as  much  flat 
griined  lumber  as  possible.  The  pieces  were  then 
crlss-cut  to  yield  blocks  3-3/4"  along  the  grain 
ar  were  then  reduced  to  approximately  1-1/4" 
leg  flake  ribbons  on  a  disk  flaker  described  in 
eailier  publications  (Rice  and  Carey  1978).  Al- 
thlugh  the  flaker  was  initially  set  with  care,  to 
CLJ  the  prescribed  target  flake  thicknesses  of 
.05"  and  .030",  later  measurements  on  samp''es  of 
th  dried  and  milled  flakes  showed  that  the  .030" 
flikes,  in  fact,  averaged  between  .017"  and  .023" 
fol  the  various  species.  This  was  not  discovered 
urjil  well  after  all  boards  had  been  made  and 
teted,  and  thus  became  a  factor  confounded  with 
sp:cies  in  these  data.  However,  since  the  actual 
av|rage  dry  flake  thicknesses  were  known  at  the 
tij2  of  data  analysis,  those  values  were  used  in 
calculating  R/C  rates.  Therefore,  the  R/C  values 
us'd  in  the  multiple  regression  analysis  should 
bereasonably  accurate. 

The  green  flakes  were  immediately  kiln  dried 
tOja  moisture  content  of  3-4%  (subsequently 
averaging  around  5%)  and  then  hammermilled  to 
re]uce  the  width  to  less  than  1/4".  A  range  of 
paticle  sizes  was  generated  during  the  milling 
ar!  fines  (material  passing  through  a  16  mesh 
widow  screen)  were  subsequently  removed  by 
serening.  Samples  of  the  dried  and  milled 
panicles  for  each  species  and  thickness  category 
wele  screen  analyzed,  and  the  data  are  reported 
irjtable  3.  Both  weight  percentage  and  average 
fl|ke  dimensions  are  included  for  each  particle 
t>fe  and  screen  size  classification.  The  screen- 
ir|  was  done  on  two,  approximately  100  gram 
sallies  for  each  species  x  thickness  class  of 
flikes.  A  Ro-tap  shaker  was  used,  with  the 
sceens  as  noted  in  table  3,  and  running  time  of 
ZCninutes. 

The  screen  fractions  were  weighed,  and  the 
weght  percentages  caught  on  each  screen  size  (and 
pa)  have  been  reported.  In  addition  a  random 
sable  of  50  flakes  from  each  fraction  (or  fewer, 
wh-e  50  were  not  available)  were  measured  for 
legth,  width,  and  thickness,  and  average  values 
fo  these  measurements  are  also  reported. 

'  Since  the  COM-PLY  concept  generally  calls 
fc  as  durable  an  adhesive  bond  as  possible, 
a  henol -formaldehyde  resin,  designed  for  use 
inparticleboard  manufacture  was  chosen.  A  55 
galon  drum  of  the  Borden  Chemical  Company's 
Cccophen  PB-65  was  obtained  and  used  as  the 
re'in  binder.  This  resin  is  a  45%  solids,  300  cps 
(Eookfield  at  25  C)  viscosity  product,  tailored 
fci  use  in  particleboard.  Periodic  checks  on 
vijcosity  and  gel  time  showed  the  resin  to  be  on 
sfjcifi cation  throughout  the  life  of  this  study. 


Mcjerial  Calculations 

In  this  study,  board  density  is  defined  as 
o\n  dry  flake  and  resin  solids  weight  per  unit 
oitarget  board  volume.  Since  the  nominal  board 
sie  was  to  be  1-1/2"  thick  x  the  full  press 
pliten  size  (26"  x  26"),  the  amount  of  flakes 
ar  liquid  resin  were  calculated  to  give  the 


target  board  densities  (32,  38,  and  44  pcf)  for  a 
1-1/2"  x  26"  X  26"  panel.  Table  2  includes 
average  densities  for  each  experimental  combi- 
nation (based  on  measurements  made  on  the  MOR/MOE 
strips),  and  it  can  be  seen  that  measured  values 
were  generally  a  bit  on  the  light  side.  This  was 
probably  due  to  a  small  material  loss  resulting 
from  "squeeze-out"  at  the  edges  of  the  panel  when 
pressed. 

Once  the  flake  amounts  had  been  determined, 
the  resin  solids  weight  percentages  prescribed 
in  the  study  plan  (4%  and  7%)  were  used  to  cal- 
culate the  weight  (and,  based  on  resin  specific 
gravity,  the  volume)  of  resin  needed  for  each 
board.  As  will  be  described  later,  this  pre- 
scribed amount  of  resin  was  sprayed,  as  uniformly 
as  was  possible,  onto  the  flakes. 


Panel  Fabrication 

The  study  plan  required  168  panels.  Since 
the  laboratory  procedures  placed  no  particular 
constraints  on  production  sequence,  the  panels 
were  made  in  a  random  order  (based  on  blind 
drawing  of  numbers).  The  rate  of  panel  produc- 
tion was  such  that  a  total  time  span  of  six 
weeks  was  involved. 

The  fabrication  sequence  consisted  of  using 
a  round,  cascade-type  blender,  4  feet  in  diameter 
and  2  feet  deep,  as  a  blending  chamber.  The 
resin  spray  was  accomplished  using  a  semi- 
externally-atomizing  nozzle,  spraying  from  the 
center  toward  the  blender  periphery  and  into  the 
recirculating  cascade  of  flakes.  The  air  pres- 
sure on  the  nozzle  were  adjusted  to  give  a  fine 
resin  atomization  and  a  moderate  rate  of  spray. 

Due  to  the  large  quantity  of  particles 
needed  to  make  these  relatively  large  test  panels, 
it  was  necessary  to  make  two  blender  runs  (using 
half  of  the  flakes  each  time)  and  then  combine  all 
resin  coated  flakes  just  before  mat  formation. 
The  half-batch  flake  amounts  varied  from  a  low  of 
around  9  pounds  to  a  high  of  around  13  pounds, 
depending  on  board  density  and  resin  content. 
Corresponding  spray  times  ranged  from  a  low  of 
around  5  minutes  to  a  high  of  around  11  minutes. 

Flake  samples  were  taken  both  before  and 
after  blending  and  moisture  contents  checked. 
Moisture  content  of  the  flakes  going  into  the 
blender  average  around  5%  (as  previously  noted) 
and  coming  out  of  the  blender  they  ranged  from  a 
low  of  8%  to  a  high  of  13%,  depending  primarily 
on  the  resin  content  and  concurrent  moisture 
addition.  Since  no  further  adjustment  was  made 
in  flake  moisture  content  after  unloading  the 
blender,  any  effects  of  mat  moisture  content, 
within  the  range  of  8-13%  are  confounded,  primarily 
with  resin  coverage. 

The  mats  were  hand  formed  in  a  26"  x  26" 
removable  frame  which  rested  on  a  1/4"  thick 
aluminum  caul  sheet.  Care  was  taken  to  form  the 
mats  as  uniformly  as  possible,  and,  an  analysis 
of  the  within-board  density  variation  (as  meas- 
ured on  the  two  bending-test  strips  for  each 
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board)  showed  no  significant  within-panel  density 
variation  effect.   Once  each  mat  was  formed,  it 
was  lightly  pre-pressed  around  its  edges  (man- 
ually, using  a  wooden  tamper)  so  as  to  minimize 
any  mat  spalting  when  the  forming  frame  was  re- 
moved. 

Once  each  mat  was  formed  and  the  forming  box 
frame  removed,  a  matching  top  caul  sheet  was 
added  and  the  mat  loaded  into  the  single-opening, 
up-acting,  steamheated,  hydraulic  press.  The 
press  (platen)  temperature  was  set  at  375-380  F 
and  the  closing  load  variously  set  to  produce 
444  psi  for  the  32  pcf  board  density,  592  psi  for 
the  38  pcf  board  density,  and  740  psi  for  the 
44  pcf  board  density.  Final  panel  thickness 
(1.5"  target)  was  monitored  by  observation  of  a 
dial  gage  mounted  on  the  press  and  controlled 
by  manual  reduction  of  the  pressure  during  the 
press  cycle.  Closure  times  were  still  quite  var- 
iable, ranging  from  lows  of  20  seconds  to  highs  of 
around  180  seconds  (out  of  a  total  press  time  of 
18  mins.),  depending  primarily  on  comnaction  ratio 
and  mat  moisture  content.  Again,  whatever  effect 
closure  rate  has  on  board  properties  (and  asso- 
ciated density  gradient)  is  confounded  in  the 
data,   however,  this  type  of  confounding  is 
largely  unavoidable  without  complete  "a  priori" 
information  on  each  individual  board's  pressure 
vs.  closure-time  relationship  and  without  almost 
unlimited  press  pressure  capacity.  The  initial 
plan  had  been  to  use  a  constant  maximum  closing 
pressure  of  around  500  psi,  but  preliminary  tests 
revealed  the  need  for  higher  pressures  on  the 
higher  densities.  At  500  psi,  44  pcf  boards  of 
low  wood  density  (high  C/R)  were  taking  up  to  6 
minutes  or  more  to  close  to  1.5",  and  this  would 
have  undoubtedly  led  to  precure  problems.  Thus 
what  seemed  to  be  the  best  compromise  was  selected. 

Although  these  panels  were  not  large  enough 
for  a  true  hot  stacking  effect,  they  were,  upon 
removal  from  the  hot  press,  dead  stacked  with  the 
accumulated  production.  Left  in  contact  with  one 
another  this  way,  they  may  have  experienced  some 
slight  hot  stack  cure. 

Once  all  the  panels  were  made  (158  total), 
they  were  trimmed  to  22"  x  22"  (trimming  approxi- 
mately 2"  from  each  edge)  and  then  divided  into 
approximately  equal  halves.  Approximately  half  of 
each  board  was  labeled  and  transferred  to  the  U.S. 
Forest  Service  cooperators  to  be  cut  into  2.83" 
wide  strips  for  use  in  actual  fabrication  and 
testing  in  COM-PLY  lumber  construction.  The  re- 
maining half  was  ripped  into  two  2"  wide  and  two 
3"  wide  strips  which  were  then  conditioned  at  70°F 
and  65%  RH,  eventually  coming  to  an  average  EMC  of 
9.8%. 

Test  Procedure 

After  conditioning,  the  two  3"  wide  strips 
from  each  board  were  used  as  bending  test  speci- 
mens and,  insofar  as  possible,  were  tested  ac- 
cording to  ASTM  D1037  (American  Society  for  Test- 
ing Materials  1978).  The  laboratory  press  size 
and  the  needs  for  edge  trimming  of  panels  placed 
constraints  on  maximum  trimmed  panel  size  and 
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thus  on  bending  specimen  length.  D1037  calls  fc 
a  specimen  length  of  (24  x  thickness)  +  2"  and  i 
support  span  (centerpoint  loading)  of  24  x  thic 
ness.  For  1-1/2"  thick  boards,  this  would  mean 
38"  long  specimens  and  a  support  span  of  36". 
With  the  specimens  limited  to  22"  in  length  and 
support  span  of  only  20"  the  test  was  somewhat 
non-standard.  The  problem  with  short  spans  is 
that  failure  in  horizontal  shear  (as  opposed  to 
the  normal  surface  compression  or  tension  failur 
is  much  more  likely  to  occur  and  did  occur  in 
some  of  the  specimens  in  this  study. 


Prior  to  testing,  all  bending  specimens  wen 
weighed  and  measured  (length,  width,  and  thick- 
ness). These  data  were  used  to  generate  the  den 
sity  and  thickness  variation  data  reported.  A 
dozen  specimens,  selected  to  be  representative 
of  most  board  types  made,  were  used  to  determine 
moisture  content  in  the  conditioned  bending  spec- 
imens. Their  oven  dry  weights  had  been  calculate 
earlier  from  moisture  contents  measured  on  an 
adjoining  coupon.   These  conditioned  bending 
specimens  showed  a  range  of  9.5-10.0%  with  an 
average  of  9.8%  MC. 


The  two,  2"  wide 
each,  2"  x  2"  specimen 
specimens  from  each  st 
other  specimen)  were  a 
testing  and  another  th 
swelling  in  24-hour  wa 
specimens  from  each  st 
The  internal  bond  and 
were  done  according  to 
Society  for  Testing  an 
dures. 


strips  were  cut  into  10 
s.  Five  of  the  2"  x  2" 
rip  (essentially  every    j 
1  located  to  internal  bond  Jj 
ree  allocated  to  thickness* 
tersoak.  The  remaining  two"' 
rip  were  held  in  reserve. 
24-hour  watersoak  tests 

ASTM  D1037  (American 
d  Materials  1978)  proce- 


RESULTS  AND  DISCUSSION 

The  effect  of  the  experimental  variables  on 
the  physical  and  mechanical  properties  were  anal- 
yzed by  analyses  of  variance  (AOV).  A  factor  was 
designated  significant  at  the  5%  level.  For  con- 
densation purposes,  analysis  of  variance  tables 
that  contain  the  sum  of  squares,  F  value,  and 
the  calculated  probability  are  not  reported  in 
this  manuscript.   (Tables  and  other  figures, 
however,  may  be  obtained  directly  from  the  author. 


BENDING  TEST 

The  standard  centerpoint  loading  formulas  and 
loading  data,  along  with  measured  widths  and 
thicknesses  for  individual  specimens,  were  used 
to  calculate  moduli  of  rupture  (MOR)  and  elasti- 
city (MOE).  Based  on  the  AOV,  all  of  the  major 
factors  (species,  board  density,  resin  content, 
and  flake  thickness)  significantly  affect  MOR  and 
MOE.  While  no  three-way  or  four-way  interactions 
were  significant,  several  two-way  interactions 
are  significant.  In  fact,  for  MOR,  the  only  two- 
way  interaction  that  is  not  significant  is  species 
X  density.  While  for  MOE,  the  species  x  density, 
species  x  thickness,  and  density  x  thickness 
interactions  are  not  significant. 


Species  averages  for  MOR  ranged  from  a  low  of 
3i   psi  for  pine  to  a  high  of  4,238  psi  for 
/efgum  (table  4).  Sweetgum  also  had  the  high- 
t  OE  at  515,000  psi  but  white  oak  had  the  low- 
;tiOE,  404,000  psi.  The  AOV  for  MOR  indicated 
lalthe  only  statistically  significant  species 
ittactions  are  species  x  resin  content  (fig.  1) 
id  pecies  x  chip  thickness  (fig.  2).  However, 
il^lthe  species  x  resin  content  (fig.  6)  inter- 
:fjn  is  significant  for  MOE.  Regarding  the 
gnficance  for  MOR  of  the  species  x  chip  (flake) 
licjness  interaction  (fig.  2),  it  should  be 
?mf|bered  that  there  are  some  noticeable  devi- 
;icls  from  target  flake  thicknesses  (tables  2  and 
l.jSince  some  of  the  species  accidentally  had 
lal  thickness  discrepancies,  the  species  x 
latj  thickness  may  be  biased. 

Since  the  board  density  is  a  highly  signifi- 
inltfactor  and  the  effect  of  density  is  about  the 
jmfjfor  all  species,  the  species  x  board  density 
Ttfjaction  is  nonsignificant  for  both  MOR  and 
DE, 
iel 


An  increase  in  board  density,  as  expected, 
ed  an  increase  in  both  MOR  and  MOE  (table  4' 


There  are  some  interactions  involving  board 
;n;ty  that  are  significant.  For  instance,  the 
iteaction  of  board  density  with  resin  content  is 
grficant  for  both  MOR  and  MOE  (figs.  3  and  7). 

lustrated  in  the  figures,  an  increase  in 
content  had  a  greater  effect  on  the  MOR  or 

f  the  38  pcf  boards  than  for  either  the  32 
pcf  boards.  Another  interaction,  board  den- 

with  flake  thickness,  is  only  significant 
)r  OR.   Figure  4  shows  a  slightly  greater  in- 
etje  in  MOR  with  board  density  for  the  thinner 
,0"i"  target  thickness)  flakes  than  for  the 
ii('er  ones  (.030"  target  thickness). 

■Resin  content  and  flake  thickness,  both 
igrjficant  factors  for  MOR  and  MOE,  had  a 
inctly  proportional  effect  on  these  mechanical 
ro;rties..  That  is  an  increase  in  resin  content 
■~  |i  increase  in  flake  thickness  resulted  in  in- 
reted  MOR  and  MOE  properties  (table  4).  The 
iti'-action  of  resin  content  with  flake  thickness 
5  so  significant  for  both  MOR  and  MOE.  Sur- 
''iingly,  the  increase  in  MOR  or  MOE  with  increas- 
igFlake  thickness  is  more  pronounced  at  the  7% 
5S1  content  level  than  at  4%  (figs.  5  and  8). 

jLinear  model  regression  analysis  results, 
)rioth  MOR  and  MOE,  on  compaction  ratio  (C/R) 
id'esin  coverage  rate  (R/C)  were  calculated  and 
o",ed  (tables  5  and  6  and  figs.  12  and  13, 
!S(|ctively).  Both  MOR  and  MOE  showed  a  sta- 
s-'jcally  significant  regression  on  C/R  and  R/C 
tljsome  73%  of  the  overall  variation  in  either 
)Rjor  MOE  explainable  by  dependency  on  C/R  and 
'CJ  This,  along  with  the  analysis  of  variance 
!Si|ts,  indicates  that,  for  both  MOR  and  MOE 
caijnation  of  the  related  C/R  and  R/C  values  for 
ir)us  species,  species  blends,  flake  thicknesses 
id-esin  addition  levels,  should  be  a  good  place 
3  egin  in  predicting  the  properties  of  untested 
Dminations. 


INTERNAL  BOND 

The  analysis  of  variance  for  internal  bond 
data  indicates  that,  as  with  MOR  and  MOE,  all 
main  effects  (species,  board  density,  resin  con- 
tent, and  flake  thickness)  and  several  inter- 
actions have  a  statistically  signfiicant  effect 
on  internal  bond  (IB).   Internal  bond  increases 
with  increasing  board  density,  resin  content,  and 
flake  thickness  (table  4).  However,  the  statisti- 
cal significance  of  56  psi  for  the  thinner  flakes 
vs.  68  psi  for  the  thicker  flakes  may  be  of 
doubtfu'l  practical  significance.  The  species 
effect  on  IB,  with  a  low  of  39  psi  for  white  oak 
and  a  high  of  84  psi  for  yellow-poplar,  is  of 
p>'actical  importance. 

The  significant  interactions  are  species  x 
board  density  (fig.  9),  species  x  resin  content 
(fig.  10),  board  density  x  resin  content  (fig.  11] 
and  species  x  resin  content  x  chip.  The  pattern 
of  these  interactions  is  much  the  same  as  with 
MOR  and  MOE. 


Table  7  and  fig 
model  regression  ana 
and  R/C.  Again  the 
are  clearly  signific 
overall  variation  in 
ence  on  C/R  and  R/C. 
indications  are  that 
good  place  to  begin 
new  species  or  spec 
particle  geometries. 


ure  14  summarize  the  linear 
lysis  results  for  IB  on  C/R 
impact  of  C/R  and  R/C  on  IB 
ant,  and  some  72%  of  the 

IB  is  explainable  by  depend- 
For  IB  as  with  MOR  and  MOE, 

C/R  and  R/C  assessment  is  a 
in  evaluating  the  effect  of 
ies  blends,  resin  contents, 
etc.  on  internal  bond. 


THICKNESS  SWELLING 

Based  on  the  analysis  of  variance  results, 
thickness  swelling  of  the  panels,  as  measured  by 
24-hour  water  soaking  is,  statistically  speaking, 
significantly  affected  by  the  main  factors 
(species,  board  density,  resin  content,  and  flake 
thickness)  and  several  interactions.  However,  the 
practical  significance  is  rather  doubtful.  For 
example,  the  species  averages  range  from  a  low  of 
17.5%  for  pine  to  a  high  of  only  22.9%  for  sweet- 
gum.  Likewise,  the  interactions  of  species  with 
board  density,  resin  content,  flake  thickness, 
etc.  often  yielded  only  a  2  or  3%  swelling  range 
among  values  which  average  around  20%.  The  most 
noteworthy  main  effect  is  for  resin  content. 
Boards  with  4%  resin  content  averaged  27.7% 
swelling  and  those  with  7%  resin  averaged  only 
12.7%  swell ing. 

Table  8  summarizes  the  linear  regression 
analysis  for  24-hour  thickness  swelling  on  C/R 
and  R/C.   In  contrast  to  MOR,  MOE,  and  IB,  the 
effect  of  C/R  on  swelling  was  not  significant, 
and  only  some  36%  of  the  variation  in  the  thick- 
ness swelling  data  was  explainable  by  differences 
in  C/R  and  R/C.  The  effect  of  R/C  was  clearly 
significant  and  accounts  for  the  vast  majority  of 
the  36%.  This  finding  indicates  that  some  fac- 
tor(s)  other  than  C/R  and  R/C  are  involved  in  con- 
trolling the  amount  of  thickness  swelling  produced 
by  the  boards. 
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The  basic  nature  of  the  thickness  swelling 
of  particleboard  seems  to  follow  the  mechanism 
which  has  been  put  forth  to  explain  thickness 
swelling  and  shrinking  in  paper  (Stamm  and  Cohen 
1955).  This  involves  components  from  (a)  the 
normal  reversible  swelling  of  wood  due  to  cell 
walls  expanding  and  contracting  as  adsorbed  water 
is  taken  into  or  given  off  from  them,  (b)  the 
irreversible  recovery  of  any  crushing  of  fibers 
(crushed  fibers  tend  to  balloon  back  when  wetted), 
and  (c)  a  reversible  relaxation  with  fibers  which 
have  taken  on  a  "set"  or  "bend"  and  which  then 
"lever"  or  "pry"  open  the  board  structure  when 
wetted  and  then  close  back  when  redried.  In 
particleboard  (including  flakeboard,  especially) 
the  component  (a)  for  normal  wood  swelling  should 
increase  with  wood  density  in  most  cases.  The 
component  (b)  for  irreversible  crushing  recovery 
should  be  primarily  controlled  by  C/R  and  logi- 
cally increase  with  it,  unless  conditions  for  a 
permanent  "set"  occur.  The  component  (c)  for 
reversible  relaxation  could  be  influenced  by 
several  factors,  including  C/R  and  particle  geom- 
etry, especially  length  to  thickness  ratio.  Fur- 
ther study  of  thickness  swelling  as  affected  by 
C/R  and  R/C  and  possibly  by  wood  permeability, 
should  be  undertaken  and  measurements  made  to 
relate  these  results,  as  much  as  possible,  to 
normal  wood  swelling,  irreversible  recovery  and 
reversible  relaxation. 


CONCLUSIONS 

For  these  data,  compaction  ratio  (C/R)  and 
resin  coverage  rate  (R/C)  can  be  seen  as  signifi- 
cant basic  factors  affecting  the  mechanical 
properties  of  thick  flakeboards.  The  linear 
model  regression  equations  obtained  for  modulus 
of  rupture  (MOR),  modulus  of  elasticity  (MOE), 
and  internal  bond  (IB)  approximations  are: 

MOR  (in  psi)  =  (3258) (C/R)+( 363) (R/C)-2083 

MOE  (in  psi)  =  (339246) (C/R)+(37025) (R/C)-126721 

IB  (in  psi)  =  (154.0)(C/R)+(9.2)(R/C)-152.5 

The  analyses  of  variance  for  the  various 
main  effects  and  interactions  for  these  three 
mechanical  properties  can  generally  be  seen  to 
verify  the  regression  analysis  findings  when  one 
takes  into  account  (a)  the  effects  of  wood  den- 
sity (of  the  species  and  blends)  and  board  den- 
sity on  compaction  ratio,  and  (b)  the  effects  of 
wood  density,  resin  content,  and  flake  thickness 
on  resin  coverage  rate. 

With  regard  to  the  property  of  24-hour 
watersoak  thickness  swelling  percent,  further 
study  or  analysis  is  needed.  The  analysis  for 
linear  regression  on  C/R  and  R/C  indicated  that 
(a)  the  dependence  on  C/R  is  not  statistically 
significant,  and  (b)  that  the  overall  coefficient 
of  determination  was  only  0.36. 
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Table  1. --Summary  of  wood  densities  (specific  gravities] 


Species  Target-      Measured  Sq-     Estimated  Sg~ 


Yellow-poplar 

0.40 

Sweetgum 

0.46 

White  oak 

0.57 

Mockernut  hickory 

0.64 

Loblolly  pine 

0.48 

0.41 

0.45 

0.50 

0.56 

0.59 

0.68 

0.69 

0.82 

0.49 

0.54 

VSpecific  gravity  on  oven-dry  weight  and  green  volume  basis. 
2^/Specific  gravity  on  oven-dry  weight  and  volume  at  5%  moisture 
content  basis;  estimated  from  specific  gravity. 


ate  2. --Tabulation  of  experimental  comoinations  and  resulting  compaction  ratios  and  resin  coverage 
'ites  in  study. 

Target  board  densities 

32  pcf 38  pcf 44  pcf 

Resin  contents 

4%  7%  Mo  1%  t[%  1% 

Tl 


Target  particle  thickness- 


26 


ies Property .015"  .030"  .015"  .030"  .015"  .030"   .015"   .030"    .015"    .030"    .015"    .030' 


eljow-  C/R-/       ^   ^1       1.04     1.08     1.02     1.06     1.20     1.25     1.22     1.24     1.42     1.43     1.41      1.43 

3.54     5.29     6.04     9.26     3.45     5.29     6.04     9.26     3.45     5.29     6.04     9.26 
30.5     31.8     30.7     32.1      35.4     36.8     36.8     37.3     41.7     42.0     42.5     43.8 


lOFlar   (YP)       R/C   (g/m^)|^ 
ig  :  0.41  Den.    (pcf)-' 


.we^tgum  C/R           ^  0.89  0.86  0.86     0.85  1.03  1.02  1.03     1.01  1.17  1.19  1.19     1.17 

(G)  R/C   (g/m   )  3.69  5.95  6.45   10.42  3.69  5.95  6.45   10.42  3.69  5.95  6.45  10.42 

.g     0.50  Den.    (pcf)  32.2  31.3  31.9     31.8  37.2  36.9  38.4     37.6  42.3  43.0  44.2     43.7 

!le|d  C/R           ^  0.84  0.86  0.85     0.84  1.00  1.02  0.99     1.01  1.16  1.15  1.14     1.14 

'P  nd  WO  R/C   (g/m'^)  3.88  6.18  6.79  10.82  3.88  6.18  6.79   10.82  3.88  6.18  6.79  10.82 

;gl0.50  Den   (pcf)  30.9  31.4  31.7     31.5  36.4  37.0  37.1      37.7  42.2  41.7  42.6     42.7 

i 

Ihife  oak  C/R    ,  0.70  0.72  0.70  0.69  0.83  0.83  0.83  0.84  0.96  0.95  0.97  0.95 

CO)  R/C  (g/m^)  4.51  7.63  7.89  13.36  4.51  7.63  7.89  13.36  4.51  7.63  7.89  13.36 

;g  0.59  Den.  (pcf)  31.2  31.7  32.0  31.5  36.7  36.8  38.0  38.1  42.5  42.3  44.2  43.3 

lletl  C/R     p  0.73  0.70  0.71   0.70  0.85  0.84  0.84  0.82  0.98  0.99  0.98  0.96 

;G -.nd  MH  R/C  (g/m^)  4.50  6.92  7.88  12.11  4.50  6.92  7.88  12.11  4.50  6.92  7.88  12.11 

;g,0.59  Den.  (pcf)  32.5  31.0  32.3  31.9  37.7  37.2  38.4  37.7  43.4  43.9  44.7  44.2 

locernut  C/R    ,  0.60  0.60  0.60  0.60  0.71  0.72  0.71  0.71  0.83  0.81  0.82  0.82 

licdry  (MH)  R/C  (g/m  )  5.80  8.28  10.14  14.49  5.80  8.28  10.14  14.49  5.80  8.28  10.14  14.49 

ig  0.69  Den.  (pcf)  31.9  31.7  32.5  32.6  37.6  38.3  38.5  38.8  43.8  42.9  44.5  44.7 

.obolly  C/R     5  0.90  0.89  0.88  0.88  1.05  1.03  1.04  1.03  1.20  1.20  1.21  1.21 

)iri  (SP)  R/C  (g/m^)  3.87  4.70  6.77  8.22  3.87  4.70  6.77  8.22  3.87  4.70  6.77  8.22 

;g|0.49  Den.  (pcf)  31.7  31.4  31.9  32.0  37.2  36.4  37.7  37.5  42.5  42.4  43.8  43.8 


1  1/The  actual  particle  thicknesses  were  less  than  the  target  values.  The  actual  values  were  YP 
:0.]l5  and  0.023),  SG  (0.013  and  0.021),  WO  (0.013  and  0.022),  MH  (0.014  and  0.020),  and  SP  (0.014  and 

"  2/C/R  =  Compaction  Ratio  =  board  density  ^^g^^.  board  density  =  oven  dry  flake-only  weight/unit  vol. 

I—        ^  wood  density        . 

)f  oard  conditioned  to  an  EMC  of  9.8%  (70  F  and  65%  RH);  wood  density  =  estimated  density  based  on  oven 

iryweight  and  estimated  volume  at  5%  WC.  ^  /  ,  3%  „     ■ 

13/R/C  =  binder  coverage  rate  (g/m"^)  =  (D)  (R)(T)(1 .27  x  10^);  where:  D  =  wood  density  (q/cm  ),  R=  resin 
orjent  as  dec.  tract,  (i.e.,  7%  =  .07),  and  T  =  flake  thickness  (inches).  .    u   j 

4/Den.  =  actual  average  measured  board  density  (pcf)  from  the  bending  (MOR/MOE)  test^ strips;  based  on 
)ve  dry  weight  (flakes  and  resin)  and  volume  conditioned  to  an  avg.  of  9.8%  (70  F  and  65%  RH). 
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b'  4. --Averages  for  board  densities  and  panel  properties 


drs 


e»11 


ie( 


es 


3/ 


Measured  panel 
density 


1/ 


pcf 


37.4 


Yf 

36.7 

SC 

37.5 

p^ 
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cf 

31.7 
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cf 
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4 

cf 
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:.i   Contents 

4 

37.0 

7 

37.8 

r<i 

t  Flake 

icnesses 

i 

.0 

3" 

37.4 

.0 

D" 

37.4 

Modulus  of 
rupture 


psi 
3698 


3292 

4104 


Modulus  of 
elasticity 


1,000  psi 
468.4 


433.2 
503.5 


Internal 
bond 


psi 
62 


56 


Thickness 
swell inq 


2/ 


■Percent - 


Water-/ 
absorption 


20.2 


87.1 


3547 

460.1 

84 

21.0 

82.0 

4238 

515.2 

79 

22.9 

89.8 

3833 

467.6 

61 

20.0 

85.1 

3498 

433.9 

39 

21.8 

88.6 

3599 

460.1 

65 

19.2 

88.3 

3843 

486.8 

44 

19.2 

89.8 

3330 

454.8 

63 

17.5 

86.4 

3018 

398.0 

37 

18.3 

107.6 

3718 

472.3 

61 

20.3 

85.7 

4358 

534.8 

88 

22.1 

68.0 

2810 

373.3 

35 

27.7 

98.3 

4586 

563.5 

89 

12.7 

75.9 

19.7 
20.8 


87.9 

86.3 


•\_/   Measured  panel  densities  based  on  oven  dry  weight  and  conditioned  volume  (70OF  and  65%  RH,  EMC 
ertie  =  9.8%)  of  the  bending  specimens. 

^/Values  based  on  24-hour,  room  temperature,  water  soak  test. 

3/The  species  code  is:  YP  =  yellow  poplar;  SG  =  sweetgum;  WO  =  white  oak;  MH  =  mockernut  hickory; 
=loblolly  pine;  YPWO  =  yellow  poplar  and  white  oak  blended  to  the  specific  gravity  average  of  sweet- 
m;SGMH  =  sweetgum  and  mockernut  hickory  blended  to  the  specific  gravity  average  of  white  oak. 

VTarget  panel  densities  based  on  oven  dry  weight  and  target  volume  of  manufactured  board  (26"  x 
"  "U"). 


bli5.--  Analysis  for  linear  regression  of  modulus  of  rupture  on  compaction  ratio  and  resin  coverage 


raster 


Estimate 


Prob 


Standard  error 
of  estimates 


te;ept 


si 


coverage  (R/C! 


mpption  ratio  [C/R] 


-2082.94 

363.08 

3258.36 


0.0001 
0.0001 
0.0001 


459.53 

25.77 

371.58 
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lable  6. --Analysis  for  linear  regression  of  modulus  of  elasticity  on  compaction  ratio  and  resin  coverag; 


Parameter 


Estimate 


Prob  >  |T| 


Standard  error 
of  estimates 


Intercept 
Resin  coverage 
Compaction  ratio 


■126720.77 

37025.23 

339246.38 


0.0089 
0.0001 
0.0001 


47296.89 

2652.54 

38245.04 


Table  7. --Analysis  for  linear  regression  of  internal  bond  on  compaction  ratio  and  resin  coverage 


Parameter 


Estimate 


Prob  >  ITI 


Standard  error 
of  estimates 


Intercept 
Resin  coverage 
Compaction  ratio 


■152.53 

9.24 

153.99 


0.0001 
0.0001 
0.0001 


15.18 

0.85 

12.27 


1 

I 


Table  8. --Analysis  for  linear  regression  of  thickness  swelling  in  24-hour  watersoak  on  compaction  ratio 
and  resin  coverage 


-f 


Parameter 


Estimate 


Prob  >  iTl 


Standard  error 
of  estimates 


Intercept 
Resin  coverage 
Compaction  ratio 


34.59 
-1.74 
-1.71 


0.0001 
0.0001 
0.6608 


4.82 
0.27 
3.89 
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igure  1. --Average  modulus  of  rupture  values  for  the  several   species  and  species  blends   (see  Table  2  for 
codes)  and  target  board  resin  content  weight  percents  tested. 
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■igure  2. --Average  modulus  of  rupture  values  for  the  several   species  and  species  blends   (see  Table  2  for 
codes)  and  target  chip   (flake)  thicknesses  tested. 
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Figure  3. --Average  modulus  of  rupture  values  for 
the  target  board  densities  and  resin  content 
weight  percents  tested. 
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Figure  5. --Average  modulus  of  rupture  values  for    ^ 
the  target  board  resin  content  weight  percents   | 
and  flake  thicknesses  tested. 
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gure  6. --Average  modulus  of  elasticity  values  for  the  several   soecies  and  species  blends   (see  Table  2 
for  codes)   and  target  board  resin  content  weight  percents   tested. 
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Figure  7. --Average  modulus  of  elasticity  values 
for  the  target  board  densities  and  resin  con- 
tent weight  percents  tested. 
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Figure  8. --Average  modulus  of  elasticity  values 
for  the  target  board  resin  content  weight  per- 
cents  and  flake  thicknesses  tested. 
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Figure  9. --Average  internal   bond  values  for  the  several   species  and  species  blends   (see  Table  2  for  codes, 
and  target  board  densities  tested. 
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Figure  10. --Average   internal    bond  values  for  the  several   species  and  species  blends   (see  Table  2  for 
codes)  and  target  board  resin  content  weight  oercents  tested. 
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Figure  11. --Average  internal   bond  values  for  the 
target  board  densities  and  resin  content 
weight  percents  tested. 
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Figure  12. --Plots  of  linear  regression  equation 
predicted  values  for  modulus  of  rupture 
as  a  function  of  compaction  ratio  (see 
explanation  in  footnote  1  of  Table  2)  for 
three  selected  levels  of  resin  coverage 
(in  g/sq.M) . 
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Figure  13. --Plots  of  linear  regression  equation 
predicted  values  for  modulus  of  elasticity 
as  a  function  of  compaction  ratio  (see 
explanation  in  footnote  1  of  Table  2) 
for  three  selected  levels  of  resin  coverage 
(in  g/sq.M). 


Figure  14. --Plots  of  linear  regression  equation 
predicted  values  for  internal  bond  as 
a  function  of  compaction  ratio  (see  explana- 
tion in  footnote  1  of  Table  2)  for  three 
selected  levels  of  resin  coverage  (in  q/sq.M). 
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DURABILITY  EVALUATION  OF  HARDWOOD 
VENEERED  FLAKEBOARD  COMPOSITES^ ,2 

P.  Chow  and  .].  .].  Janowiak^ 


Abstract. --The  ranking  of  the  effects  of  various 
exposure  tests  on  strength  values  of  the  hardwood 
reconstitued  structural  composite  panels  in  a  decreasing 
order  of  severity  was  (1)  24-hour  soak,  '(2)  1-hour  boil,  (3) 
2-hour  boil,  (4)  ASTM-6  cycles,  and  (5)  WCAA-6  cycles.  Both 
ASTM  and  WCAA  tests  had  similar  influences  on  all  properties. 
Also,  4-cycles  of  either  of  these  tests  resulted  in  about  the 
same  degree  of  strength  reduction  as  6-cycles.  The  dry 
phenolic  resin  film  and  wet  melamine  formaldehyde  resin,  used 
to  laminate  the  veneer  over  the  core  material  yeilded  similar 
strength  values.  The  1/2-inch  thick  panels  appeared  to  be 
more  stable  with  more  strength  retention  than  panels  3/4-inch 
thick.  Also,  panels  with  an  exterior  particle-board  core  had 
higher  IB  values  than  wafer  type  flakeboard  core  panels. 


INTRODUCTION 


The  American  Plywood  Association  has  fore- 
caltsd  that  the  total  demand  for  softwood  ply- 
m^   will  increase  from  approximately  15.5 
billion  square  feet  (3/8-inch)  basis  in  1975  to 
abjt  22  billion  square  feet  in  1985  (fig.   1) 
(i^noney  1975).  In  order  to  relieve  any  antic- 
ipted  shortage  of  softwood  plywood  and  extend 
fuure  supplies,  wood  products  of  other  species 
m  be  required.  The  U.S.  Forest  Service 
reorted  that  the  nation  has  a  substantial 
/cume  of  hardwood  growing  stock,  but  more  than 
orj  third  of  the  hardwood  inventory  in  1970 
cc^isted  of  oaks,  hard  maple,  and  poplar  (U.S. 
FcL  Serv.  1973).  Many  studies  related  to  the 
fesibility  of  making  construction  plywood  and 
veeered  composite  panels  from  hardwoods  have 
ben  reported  (Chow  1972,  Chow  and  Janowiak 
153,  Chow  and  Redmon  1981,  Jokerst,  Lutz,  and 
Kiel  1976,  Lutz  and  Jokerst  1974).  One  reason 
fci  not  commercializing  the  panel  has  been 
irjdequate  data  related  to  the  internal  bond 
ar'  shear  strength  performance  of  hardwood 
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veneered  composite  panels  under  severe 
weather  exposure. 

The  objective  of  this  study  was  to 
determine  the  effect  of  several  variables  on 
the  internal  bond  and  shear  strength  of  a 
hardwood  veneer  composite  panel.  The 
construction  variables  consisted  of  (1) 
veneer  species  (red  oak  and  hard  maple),  (2) 
core  material  (exterior  particleboard  and 
wafer  type  of  flakeboard,  (3)  glueline  (dry 
and  wet),  and  (4)  total  panel  thickness  (1/2- 
inch  and  3/4-inch).  The  properties  were 
evaluated  using  (1)  24-hour  water  soak,  (2) 
1-hour  boil,  (3)  2-hour  boil,  (4)  the 
American  Society  for  Testing  and  Materials 
(ASTM-6  cycles  test),  and  (5)  the  West  Coast 
Adhesive  Manufacturers  Association  (WCAMA  or 
WCAA-6  cycles  test)  accelerated  aging  test. 


MATERIALS  AND  PROCEDURE 


In  order  to  achieve  two  panel 
thicknesses,  3/8-  and  1/2-inch  thick  exterior 
particleboard  and  wafer  type  aspen  flakeboard 
core  material  were  purchased  from  commercial 
manufacturers.  Also,  two  thicknesses  (1/6- 
and  1/8-inch)  of  No.  2  face  grade  red  oak  and 
hard  maple  veneers  were  obtained  from  a 
manufacturer  in  the  Midwest.  The  1/16-inch 
thick  veneer  was  used  with  the  3/8-inch  core 
material  to  obtain  a  1/2-inch  composite. 
Likewise,  the  thicker  1/8-inch  veneer  and 
1/2-inch  core  panels  were  combined  to  obtain 
the  3/4-inch  thick  composite.  Because  of  the 
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planter!  size  of  the  hot  press,  the  veneers, 
parti cleboards,  and  flakeboards  were  cut  into 
20-  by  24-inch  pieces  for  lamination. 

The  lamination  process  consisted  of  gluing 
face  veneers  to  particleboard  and  flakeboard 
cores  with  one  of  the  two  different  types  of 
adhesives  selected  for  evaluation.  The  two 
adhesives  were  a  melamine  formaldehyde  resin 
(wet  form)  and  a  thin  dry  film  of  phenolic 
resin.  The  adhesive  suppliers  claimed  that 
both  of  these  resins  meet  the  requirements  of 
U.S.  Products  Standard  P51-74  for  exterior  glue 
bond  {National  Bureau  of  Standards  1974). 

■^rior  to  lamination,  all  core  panels  were 
sanded  slightly  with  60  grit  sandpaper  to  elimi 
nate  uneven  surfaces  and  to  improve  the  glue- 
bond  property.  Panels  laminated  with  the  dry  - 
film  glue  were  hot  pressed  at  a  pressure  of  225 
psi  and  300°F  temperature.  The  press  times 
were  6  minutes  and  7-1/2  minutes  for  1/2-inch 
and  3/4-inch  thick  panels,  respectively.  Core 
panels  laminated  with  the  melamine  liquid  resin 
had  a  glue  spread  rate  of  about  80  pounds  per 
square  foot  (double  glueline),  pressed  with  a 
platen  temperature  of  270°F  and  200  psi 
pressure.  Press  times  were  5-1/2  minutes  and 
7-1/2  minutes  for  1/2-  and  3/4-inch  thick  com- 
posite panels,  respectively.  For  all  of  the 
panels,  the  grain  direction  of  the  veneer  over- 
lays was  parallel  to  the  length  of  the  core 
materi  al . 
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Accelerated  Aging  Tests 

Six  accelerated  aging  regimes  were  select- 
ed for  evaluation.  The  test  procedures  were: 

1.  ASTM  Dl037-72a,  6  cycles,  12  days  to  com- 
plete (American  Society  for  Testing  and 
Materials  1981,  National  Particleboard 
Association  1980) 

a.  Soaked  in  water  at  120°F  for  1  hour 

b.  Steamed  at  200°F  for  3  hours 

c.  Frozen  at  10°F  for  20  hours 

d.  Dried  at  210°F  for  3  hours 

e.  Steamed  at  200°F  for  18  hours 


f.  Dried  at  210°F  for  18  hours 

2.  WCAA-5  cycles,  6  days  to  complete  (West 
Coast  Adhesive  Manufacturers  Association 
1966) 

a.  Submerged  in  water  at  70°F  with  27- 
inch  vacuum  for  30  minutes 

b.  Boiled  in  water  at  210-212°F  for  3 
hours 

c.  Dried  at  220°F  for  20  hours 

3.  24-hour  soak  test  (American  Society  for 
Testing  and  Materials  1981) 

a.  Specimens  were  submerged  in  water  at 
room  temperature,  approximately  75°F 

b.  Specimens  were  removed  after  24  hours 

4.  1-hour  boi 1  test 


a.  Specimens  were  submerged  in  boiling 
water  210-212°F 

b.  Specimens  were  removed  after  1  hour 
5.  2-hour  boil  test  (Shen  and  Wrangham  1971) 

a.  Specimens  were  submerged  in  boiling 
water  210-212°F 

b.  Specimens  were  removed  after  2  hours 

For  the  ASTM  test,  a  set  of  specimens 
was  removed  at  the  end  of  each  cycle.  Sim- 
ilarly, specimens  were  removed  from  the  WCAA 
test  at  the  end  of  cycles  2,  4,  and  6,  This 
permitted  comparisons  of  strength  reductions 
due  to  the  number  of  exposure  cycles  for  the 
two  test  procedures. 

Strength  Properties  Tests 

After  completing  the  accelerated  aging 
regimes,  specimens  were  conditioned  with  the 
control  group  specimens  in  a  climate  chanter 
maintained  at  a  relative  humidity  of  65   1 
percent  and  a  temperature  of  68   6°F. 

The  IB  and  shear  tests  were  performed  on 
conditioned  core  material,  composite  panel 
type  exposed  to  the  aging  tests,  and  the 
conditioned  control  specimens  using  a  Tinus 
Olson  testing  machine  and  a  plywood  shear 
tester.  The  IB  tests  were  performed  accord- 
ing to  method  described  in  ASTM  D  1037-72a 
(American  Society  for  Testing  and  Materials 
1981),  while  the  shear  test  specimens  were 
tested  according  to  methods  described  in  ASTM 
D805-63  (American  Society  for  Testing  and 
Materials  1970). 
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EXPERIMENTAL  DESIGN 


In  this  experiment,  analysis  of  variances 
A( )  was  conducted  through  the  use  of  a  com- 
ili:ely  randomized  design.  Components  of  the 
iOiosite  panels  were  considered  as  separate 
■a':ors:  factor  A--veneer  species,  2  levels, 
•ei  oak  and  hard  maple;  factor  B--core  mate- 
•i  ,  2  levels,  particleboard  and  flakeboard; 
'a':or  C--glueline,  2  levels,  dry  and  wet; 
'ai  or  D--composite  panel  thickness,  2  levels, 
./■inch  and  3/4-inch;  and  factor  E--accelerat- 
idiging  method,  5  levels,  24-hour  soak,  1-hour 
,)0l,  2-hour  boil,  ASTM-6  cycles,  and  WCAA-6 
;yies.  Thus  the  experiment  was  a  2x2x2x2x5 
'alorial  design  (Steel  and  Torrie  1980).  The 
lui'er  of  replications  per  variable  was  four 
fo  both  IB  and  shear  tests.  However,  due  to 
th  occurrence  of  the  delamination  of  some 
ni'.r   type  flakeboard  cores,  the  number  of 
relicates  tested  for  some  ASTM  and  WCAA  type 
spcimens  was  less. 


RESULTS  AND  DISCUSSION 


Co:rol  Condition 


Table 
sh^r  stre 
[Ties.   No 
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trlled  ve 
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y  the  differen 
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Plywood  specimens  were  found  to  have  high- 
erlB  and  shear  strengths  than  specimens  made 
frm  particleboard  or  flakeboard  core. 

\ 
Aclelerated  Aging  Test 

The  percent  of  IB  and  shear  reductions 
beed  on  values  obtained  at  control  conditions 
wfe  tabulated  for  replication  that  had  no 
deaminated  specimens  (Tables  1  and  2). 

Except  for  the  ASTM-6  cycle  compared  with 
t\  WCAA-6  cycle  test,  the  IB  means  obtained  by 
ar  two  test  methods  were  significantly  differ- 
er  at  the  1  percent  level  (Table  3).  For  the 
star  values,  the  two  6-cycle  test  methods  were 
sftistical ly  equivalent  as  well  as  the  24-hour 
vfsus  the  control. 

F.itorial  Analysis 

Both  IB  and  shear  values  were  statistical- 
Ijtanalyzed  using  an  analysis  of  variance 
(iiV).  The  results  of  the  AOV  (Table  4)  show 
tl;t  (1)  factor  A  (veneer  species)  significant- 
1,'affected  the  IB  values;  (2)  factor  B  (core 
!n;erial)  significantly  influenced  the  IB 


values;  (3)  factor  C  (glueline)  did  not  have 
any  effect  on  either  strength  value  (4)  fac- 
tor D  (thickness),  and  (5)  factor  E  (accel- 
erated aging  tests)  had  a  significant  effect 
on  all  strength  values.  Average  strength 
values  and  ratios  of  strength  retention  for 
all  exposed  composites  are  listed  in  Table 
5. 

Based  on  this  analysis,  several  conclu- 
sions can  be  stated.  First,  composite  panels 
made  with  the  particleboard  cores  had  a 
superior  IB  property,  and  resisted  the  de- 
grading effects  of  the  exposure  conditions 
bettfer  than  panels  made  with  flakeboard 
cores.  Secondly,  1/2-inch  thick  panels  would 
be  recommended  over  3/4-inch  thickness.  This 
recommendation  can  be  given  because  a  large 
portion  of  the  3/4-inch  specimens  had  delami- 
nated  flakeboard  core,  and  greater  thickness 
swellng.  Thirdly,  the  2-hour  boil  test 
created  the  greatest  average  thickness  swell- 
ing of  all  hardwood  veneered  composite  panel 
specimens  (Table  5),  Finally,  the  exposure 
condition  greatly  affected  the  amount  of 
strength  reduction  based  on  the  unexposed 
specimens: 

Specimen  condition  Percent  strength  reduction 


IB 

Shear 

24-hour  soak 

9 

1 

1-hour  boi 1 

42 

14 

2-hour  boi 1 

46 

34 

ASTM  5-cycle 

69 

44 

WCAA  6-cycle 

74 

54 

ASTM-6  Cycles  Versus  WCAA-6  Cycles  Test 

Two  of  the  most  widely  used  accelerated 
aging  tests  are  ASTM  and  WCAA  cyclic  tests. 
Both  of  these  test  methods  resulted  in  a 
large  percentage  of  strength  reduction  for 
all  materials  evaluated  (Table  7),  For  this 
reason,  special  attention  was  given  to  a 
comparison  between  these  two  tests  and  effect 
on  the  number  of  cycles. 

To  determine  the  effects  of  the  number 
of  cycles  of  both  ASTM  and  WCAA  accelerated 
aging  procedures  on  the  strength  properties 
of  composite  panel,  specimens  were  evaluated 
for  2,  4,  and  6  cycles  and  compared 
statistically  using  the  Duncan's  Multiple 
Range  Test,  For  both  accelerated  test 
methods  IB  and  shear  properties  both  showed 
no  significant  difference  between  2  and  4 
exposure  cycles  or  4  and  5  cycles  except  the 
shear  values  for  ASTM  cyclic  test  (Table  8). 
The  result  of  this  analysis  suggests  that 
hardwood  composite  panel  specimens  subjected 
to  four  cycles  of  either  ASTM  or  WCAA  aging 
test  could  achieve  the  same  degree  of 
strength  reduction  as  specimens  subjected  to 
six  cycles. 

It  was  found  that  the  most  drastic 
reduction  of  IB  and  shear  was  observed  from 
the  first  to  second  cycle  of  exposure  for  the 
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ASTM  procedure.  A  gradual  decline  of  16  and 
shear  was  also  shown  for  both  ASTM  and  WCAA 
test  methods. 


CONCLUSIONS 

Based  on  this  experimental  design  and 
results,  several  conclusions  can  be  stated. 

1.  Internal  bond  and  shear  for  plywood 
were  superior  to  any  of  the  hardwood  composites 
or  core  materials  tested.  Because  of  core 
delamination,  adhesive  bond  of  red  oak  face 
veneer  to  core  material  is  stronger  than  the 
coherence  of  chips  or  flakes  in  the  core  mate- 
rial.  Significant  shear  property  differences 
are  observed  between  core  material  and  hardwood 
composites  while  the  IB  of  the  two  panel  types 
dre   simi lar . 

2.  The  24-hour  soaking  test  had  the  least 
amount  of  strength  reduction  and  caused  the 
least  amount  of  thickness  swelling.   The  WCAA 
accelerated  aging  method  resulted  in  the  great- 
est observed  average  reduction  for  the  two 
strength  properties  examined.  However, 
statistical  analysis  showed  there  is  no  real 
difference  between  WCAA  and  ASTM,  in  reducing 
both  values.  Significant  differences  are  noted 
between  1-hour  boil  and  2-hour  boil;  between  2- 
hour  boil  and  ASTM  6-cycles;  and  between  2-hour 
boil  and  WCAA  6-cycles  test  in  reducing  both 
internal  bond  and  shear  by  tension  loading 
properties . 

3.  Significant  differences  were  observed 
between  control  condition  and  24-hour  soak  for 
IB  property  while  both  IB  and  shear  values  were 
significantly  different  for  1-hour  boil  and  2- 
hour  boil. 

4.  A  gradual  reduction  occurred  in  both 
IB  and  shear  strength  with  an  increase  in  the 
number  of  exposure  cycles  for  either  the  ASTM 
or  WCAA  test  method.  However,  no  significant 
differences  in  most  of  the  strength  values  were 
found  between  4-cycle  and  6-cycle  tests. 

5.  Internal  bond  was  significantly  in- 
fluenced by  the  core  material  and  overall  panel 
thickness.   The  maximum  IB  value  for  a  compos- 
ite panel  was  obtained  using  a  particleboard 
core  and  1/2-inch  composite  thickness. 

6.  Shear  strength  is  significantly  in- 
fluenced by  the  overall  thickness  of  the 
composi  te. 

7.  Red  oak  veneered  composite  panels 
demonstrated  better  gluability  characteristics 
than  hard  maple  veneered  panels. 

8.  Part  of  the  decreased  strength  proper- 
ties due  to  accelerated  aging  test  in  hardwood 
composite  panels  may  be  attributed  to  a  lower 
density  as  a  result  of  thickness  swelling  and 
the  deterioration  of  the  glue  bond. 
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TJe  1. --Internal  bond  of  control  specimens  and  percent  reduction  of  value  after  several  aging  tests 


Panel 


F.e 


Core 


Composite     Panel  24-hour  1-hour   2-hour   ASTM      WCAA 

glueline    thickness    Control    soak    boil    boil   6-cycles   6-cycles 


Flakeboard( Wafer board) 

Particleboard 

Plywood 

oak     Particleboard  Dry 


Wet 
Flakeboard     Dry 

Wet 
H 'd  maple   Particleboard  Dry 

Wet 
Flakeboard     Dry 

Wet 


in. 

1/2 
1/2 
1/2 

1/2 
3/4 

1/2 
3/4 

1/2 
3/4 

1/2 
3/4 

1/2 
3/4 

1/2 
3/4 

1/2 
3/4 

1/2 
3/4 


Eli 

72 

84 

180 

86 
85 

81 
89 

73 


82 
68 

91 
57 

82 
80 

48 
76 

85 
75 


-%   reduction  from  control 


+  13.0 
-3.0 
-2.2 

-7.3 


-13.4 

-3.0 
-30.8 

-6.0 
-3.0 

-18.7 

-27.0 

+8.3 

-35.6 


-41.8 
-22.8 
-20.7 

-26.1 


-20.7 


-62.7 
-35.0 
-16.1 

-35.7 
-28.8 


-66.7   -73.1 


-93.3 
-49.6 
-52.4 

-35.5 
-73.0 

-57.5 


-96.4 


-55.4   -67.7 

-39.7    -95.9 

-28.7   -64.0    -65.1 


-39.0 


-74.0 


-51.0 
-30.0 

-80.7 


-63.0 


-93.0 
-63.9 
-54.4 

-59.0 
-80.3 

-48.7 
-79.6 


-96.9 

-80.8 
-97.1 

-63.4 
-57.0 


-62.2   -70.9 
+5.2 


Tile  2. --Shear  strength  of  control 

specimens  and  percent  reduction  of  values 

after  several  aging  tests 

\       Panel            Composite 

Panel             24-hour  1-hour 
thickness    Control    soak    boil 

2-hour   ASTM      WCAA 

F;e        Core       glueline 

boil   6-cycles   6-cycles 

'     Flakeboard(Waferboard) 
Particleboard 
Plywood 

Rd  oak  Particleboard     Dry 


Wet 


Flakeboard  Dry 


Wet 


H'rd  maple   Particleboard  Dry 


Wet 


Flakeboard     Dry 


Wet 


145 
163 
332 

-7.9 

-14.9 

+6.5 

—  /o  r  cuui_ 

1/2 
1/2 
1/2 

-50.8 

-13.6 

+5.9 

-60.5 
-46.4 
-53.7 

-79.9 
-37.2 
-15.1 

-94.8 
-74.4 
-10.5 

1/2 
3/4 

155 
88 

-4.4 

-18.0 
+  ;8.5 

-14.8 

-42.9 
-6.6 

-36.8 
-48.6 

1/2 
3/4 

146 
93 

-1.6 
+11.1 

-12.3 
+20.0 

-5.0 

-24.3 
-40.0 

-38.0 
-54.6 

1/2 
3/4 

139 
106 

+46.1 
+1.4 

-13.5 
-17.5 

-39.2 

-73.5 

-64.0 

1/2 
3/4 

147 

110 

-7.3 
-7.1 

-29.6 
-33.8 

-38.5 

-71.8 

-61.5 
-65.4 

1/2 
3/4 

166 
102 

— 

-8.0 

-- 

-8.0 

-48.0 

1/2 
3/4 

155 
120 

-13.0 

-16.0 
-2.8 

-19.0 

-58.0 

-52.1 

1/2 
3/4 

148 
103 

-14.2 

-30.5 

-- 

-- 

,.- 

1/2 
3/4 

141 
81 

-11.7 

-21.2 

-12.3 

-- 

-- 
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Table  3. --Contrast  Analysis  of  Average  IB  and 
Shear  Values  Between  Two  Different  Accelerated 
Aging  Tests. 


Table  4, --Factorial  Analysis  for  Two  Strength 
Properties  of  Veneered  Composite  Panels. 


DifPerence  between 
two  test  models 

Properties 

IB 

SHEAR 

Control 

vs. 
24-hour  soak 

** 

NS 

1-hour  boi 1 

vs. 
2-hour  boi 1 

** 

** 

2- hour  boi 1 

vs. 
ASTM  6-cycles 

*• 

*• 

2-hour  boi 1 

vs. 
WCAA  6-cycles 

** 

** 

WCAA  6-cycles 

vs. 
ASTM  6-cycles 

NS 

NS 

**  -  difference  significant  at  1  percent  level 
NS  -  difference  not  significant  at  5  percent 
level . 


F-Ratio 

Source 

IB 

SHEAR 

A  (veneer  species) 

** 

NS 

B  (core) 

•  * 

NS 

C  (glue  line) 

NS 

NS 

D  (thickness) 

•  * 

** 

E  (aging  test) 

** 

** 

AB 

NS 

** 

AD 

** 

NS 

AE 

** 

NS 

DE 

NS 

NS 

BD 

NS 

** 

BC 

NS 

NS 

CD 

** 

* 

CE 

NS 

NS 

CA 

NS 

NS 

ACD 

NS 

NS 

BCD 

** 

NS 

**  -  difference  significant  at  1  percent 

level . 
NS  -  different  not  significant  at  5  percent 

level . 
*  -  difference  significant  at  5  percent 
level . 
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T 

)le  5 

--Average  IB  and  shear  Properties  of  of  Hardwood  Composite  Panels  at 
controlled  and  Accelerated  Aging  Exposed  Conditions. 

Strength 
■operties(Psi ) 

Veneer,  A 

Core,  B 

Glueline,  C 

Thickness,  0 

Red  Oak 

Hard  Maple 

Pt.  Bd. 

Fl.  Bd. 

Dry 

Wet 

1/2  inch 

3/4  inch 

B 

Control 

82 

73 

81 

74 

76 

79 

78 

77 

Exposed^ 

38 
(0.46)2 

45 
(0.62) 

45 
(0.56) 

36 

(0.49) 

38 
(0.50) 

43 
(0.54) 

44 
(0.56) 

35 
(0.46) 

;hear 

Control 

103 

123 

124 

122 

i26 

120 

149 

100 

Exposed 

88 
(0.85) 

101 
(0.82) 

94 
(0.76) 

88 
(0.72) 

89 
(0.71) 

93 
(0.78) 

113 
(0.76) 

57 
(0.57) 

iverage  of  all  accelerated. 

atio  of  strength  retention  based  on  value  at  control  condition. 

T.  le  6. --Average  Percent 

Thickness  Swel 

of  Composite  Panel  for  Various  Exposure  Condit 

-ions  (4) 

Panel  Materials 

Accelerated  Aging  Test 

24-hour  soak 

1-hour  boi 1 

2- hour  boi 1 
-  percent  - 

ASTM-6  cycles 

WCAA-6  cycl 

es 

.2"   Plywood 

2 

3 

2 

2 

2 

:2"  Ext.  Particleboard 

2 

7 

22 

13 

17 

:j2"  Ext.  Flakeboard 

4 

7 

25 

28 

24 

fd  Oak/Pt.  Bd.  Core 
1/2"  and  3/4") 

4 

10 

17 

12 

14 

f!d  Oak/Fl.  Bd.  Core 
11/2"  and  3/4") 

4 

15 

29 

28 

28 

\rd   Maple/Pt.  Bd.  Core 
11/2"  and  3/4") 

4 

12 

17 

13 

15 

h;rd  Maple/Fl.  Bd.  Core 
a/2"  and  3/4") 

5 

25 

31 

-- 

15 
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Table  /.--Percent  Reduction  of  Strength 
Properties  -  Average  of  ASTM-6 
cycles,  and  WCAA-5  cycles  Exposure 
Condi  ti  ons. 


Material-'- 

Strength  Property  Reduction  (%) 

IB 

Shear 

1/2"  RO  (PP) 

43 

32 

3/4"  RO  (PP) 

77 

48 

1/2"  RO  (PC) 

45 

23 

3/4"  RO  (PC) 

80 

47 

1/2"  RO  (FP) 

73 

39 

3/4"  RO  (FP) 

97 

69 

1/2"  RO  (FC) 

74 

50 

3/4"  RO  (FC) 

78 

69 

3/4"  HM  (PP) 

58 

8 

3/4"  HM  (PP) 

Dl2 

48 

3/4"  HM  {PC) 

30 

52 

1/2"  HM  (FP) 

DL 

DL 

3/4"  HM  (FP) 

DL 

12 

1/2"  HM  (FC) 

DL 

DL 

3/4"  HM  (FC) 

DL 

DL 

1/2"  Pt.  Bd. 

50 

53 

1/2"  Fl.  Bd. 

83 

78 

1/2"  plywood 

41 

26 

Table  8.--Compari son  of  strength  properties 

for  different  number  of  cyclic 

exposures  for  ASTM  and  WCAA 

accelerated  aging  test  method. 

Strength 

No.  of 

ASTM 

WCAA 

property 

cycles 

Mean! 

Mean 

"--¥■■■- 

2 

40A 

37A 

IB 

4 

35AB 

34A3 

6 

32B 

37B 

2 

123A 

102A   ; 

Shear 

4 

lOOB 

97A6  i 

6 

105B 

89B 

^The  same  capital  letters  within  a  ; 

>trength 

property  test  method  group  indicate  no  real 
difference  between  two  strength  values  basec 
on  Duncan's  Multiple  Range  test  and  0.05% 
level . 


Mhe  first  letter  in  parenthensis  refer  to  the 
core  material  (P  =  parti cleboard,  F  =  flake- 
board),  the  second  letter  refers  to  the 
glueline  (P  =  phenolic  film,  c  =  liquid 
melamine  resin) 
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DURABILITY  OF  FIBROUS-FELTED  BOARDS- 


1/ 


2/ 


George  E.  Woodson— 


Abstract. --A  segment  of  the  coinposition  board  industry 
consisting  of  panel  materials  known  as  structural  insulating 
board,  medium  density  fiberboard  (MDF),  and  hardboard  can  be 
classified  as  fibrous-felted  boards.  This  paper  reviews  some 
of  the  characteristics  that  make  fibrous,- felted  boards 
"durable."  A  distinction  is  made  between  "durability"  and 
"permanence"  as  follows: 

Durability  -  Resistance  to  degradation  under  the 
influence  of  stress  and  environmental 
conditions. 

Permanence  -  Resistance  to  degradation  due  to  age  only, 
i.e.,  where  stress  is  absent  or  negligible. 

It  is  shown  that  materials  are  durable  or  nondurable  according 
to  the  interaction  of  elements  of  environment  with  the  material 
Elements  such  as  weathering,  biological,  stress,  incompati- 
bility, and  use  are  important  degradation  factors  to  fibrous- 
felted  substrates  and  coatings.  Materials  are  more  durable, 
therefore,  when  these  factors  are  controlled  to  minimize  their 
influence. 


INTRODUCTION 

I  A  fibrous-felted  board  has  been  defined  by 
1a|ney  (1977)  as:  "A  felted  wood-based  panel 
la'trial  manufactured  of  refined  or  partly  refined 
liiocellulosic  fibers  characterized  by  an  inte- 
)r.j  bond  produced  by  an  interfelting  of  fibers 
iri'ij  in  the  case  of  certain  densities  and  control 
)f Conditions  of  manufacture,  by  ligneous  bond, 
mij  to  which  other  materials  may  have  been  added 
luring  manufacture  to  improve  certain  of  its 
)riierties."  The  following  discussion  will  be 
iited  to  a  segment  of  the  composition  board  in- 
lu:.ry  consisting  of  panel  materials  known  as 
ityCtural  insulating  board,  medium  density 
"i  Irboard  (MDF),  and  hardboard. 

The  basic  difference  in  these  types  of  fi- 
>ris   felted  boards  are  summarized  below: 


tpid  type 


idlating  board 

IDt 

larboard 


Density 

--pcf— 

10-31 

31-50 

50- 


Forming  Process 


wet 
wet  or  dry 
wet  or  dry 


Typically,  MDF-wet  is  called  hardboard  and 
IDIdry  is  called  medium  density  fiberboard.  Al- 
;h(gh  significant  differences  exist  between  wet 
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and  dry  formed  hardboard  they  compete  in  the  same 
market.  It  is  widely  accepted  that  lignocellu- 
losic  bonds  hold  the  boards  together  in  wet 
formed  panels  and  synthetic  resins  or  other  suit- 
able binders  form  the  interfiber  bond  in  dry 
formed  panels.  Other  materials  may  be  added  to 
improve  certain  properties,  such  as  stiffness, 
hardness,  finishing  properties,  resistance  to 
abrasion,  resistance  to  moisture,  strength,  util- 
ity, and  durability. 

The  subject  of  this  paper  is  to  review  some 
of  the  characteristics  that  make  the  fibrous- 
felted  boards  "durable."  It  is  useful  to  make  a 
distinction  between  the  terms  "durability"  and 
"permanence"  as  follows: 

Durability:  Resistance  to  degradation  under 
the  influence  of  stress  and 
environmental  conditions 

Permanence:  Resistance  to  degradation  due 
to  age  only,  i.e.,  where  stress 
is  absent  or  negligible. 

These  definitions  were  proposed  by  a  workshop 
group  at  a  conference  on  adhesion  in  cellulosic 
and  wood-based  composites  and  appeared  in  a 
Proceedings  of  that  conference  edited  by  Oliver 
(1981). 

According  to  the  above  definitions,  perma- 
nence is  not  applicable  to  fibrous-felted  boards 
because  these  composites,  even  if  not  subjected 
to  external  stress,  are  in  a  state  of  self-stress 
near  the  bonded  regions.  Specifications  for 
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noted  (personal  communication  with  the  author) 
that  claims  for  decay  or  other  biological  activity 
in  hardboard  siding  has  shown  a  significant  in- 
crease since  the  new  government  standards  were 
issued  for  energy  savings  in  homes.  Prior  to 
1975,  reports  of  decay  in  siding  were  nonexistent. 
The  obvious  solution  to  biological  activity  would 
be  to  incorporate  a  preservative  into  the  hard- 
board  siding.    Adding  a  preservative  to  a 
product  made  primarily  by  the  wet  process,  how- 
ever, presents  a  major  problem  in  control  of 
water  pollution  and  the  costs  appear  to  be  pro- 
hibitive. 


DEGRADATION  FACTORS  AFFECTING  DURABILITY  ' 

As  an  aid  to  understanding  the  degradation 
factors  that  may  affect  the  performance  of  build- 
ing materials  and  components,  Frohnsdorff  and 
Masters  (1980)  proposed  a  list  of  degradation 
factors  one  should  consider.  With  modifications, 
a  list  appropriate  for  consideration  for  fibrous 
substrates  and  coatings  can  be  proposed  as: 

I.  Weathering 

Radiation 

Solar 

Nuclear 

Thermal 

Temperature 

Elevated 

Depressed 

Cycles 

Water 

Solid  (snow,  ice) 

Liquid  (rain,  condensation,  standing 

water) 
Vapor  (high  relative  humidity) 

Normal  Air  Constituents 

Oxygen  and  ozone 
Carbon  dioxide 

Air  Contaminants 

Gases  (oxides  of  nitrogen  and  sulfur) 
Mists  (salt,  acids,  alkalies  in  water) 
Particulates  (sand,  dust,  dirt) 

Freeze-Thaw 

Wind 
Biological 

Microorganisms 

Fungi 

Bacteria 


II, 


III.  Stress 

Sustained 


Periodic 

Physical  action  of  water 
Physical  action  of  wind 
Combination  of  water  and  wind 
Movement  due  to  other  factors  (sett 
ment) 

IV.  Incompatibility 
Chemical 
Physical 

V.  Use 

Design  of  system 

Installation  procedures 

Maintenance  procedures 

Normal  \^edr   and  tear 

Abuse  by  user 

Many  of  the  factors  have  minimal  effect  on 
fibrous  substrates  but  thermal  shock  is  a  seric  i 
matter  in  coatings  and  it  can  be  disastrous  in 
vinyl  overlays.  Temperature  changes  from  day- 
light to  dark  can  be  substantial.  Another  itetr 
of  current  interest  is  the  effect  of  air  con- 
taminants such  as  acid  rain.  Sulfide  staining 
exterior  coatings  is  a  discoloration  phenomena 
which  has  the  potential  for  widespread  occurren  i 
A  factor  contributing  to  this  problem  is  the 
recognition  of  acid  rain  as  an  atmospheric  poll  • 
tant.  Metallic  compounds  susceptible  to  sulfid 
staining  are  commonly  present  in  most  exterior 
paints  and  the  problem  is  common  in  industrial- 
ized areas. 

The  list  of  factors  is  included  as  a  means  O' 
identifying  some  of  the  key  factors  that  affect 
durability.  No  attempt  has  been  made  to  identit/l 
the  factors  that  influence  durability  most.  Al- ' 
though  some  are  more  important  than  others,  eact 
has  an  influence  and  under  the  right  conditions 
can  become  significant. 
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PERFORMANCE  OF  WAFERBOARD:  LOAD  DURATION, 

DIMENSIONAL  STABILITY  AND  BIODETERIORATION^^ 

2/ 
J.  Alexopoulos  and  T.  Szabo- 


Abstract. --The  behavior  of  two  commercial  types  of 
waferboard  bonded  with  phenol -formaldehyde  (PF)  and  one 
type  of  experimental  waferboard  bonded  with  methylolated 
kraft  lignin  phenol -formaldehyde  (MKL/PF)  was  studied  in 
terms  of  load  duration,  dimensional  stability  and  bio- 
deterioration.  In  the  case  of  load  duration,  a  4-element 
model  was  used  to  describe  the  creep  behavior  of  the  wafer- 
board  specimens.  The  highest  creep  resistance  at  all  three 
load  levels  was  exhibited  by  the  long-wafer  PF  specimens 
tested  parallel  to  panel  length  followed  closely  by  the 
MKL/PF  specimens  at  the  low  load  level,  then  by  the  long- 
wafer  PF  specimens  tested  perpendicular  to  panel  length. 
At  the  high  load  levels,  however,  the  MKL/PF  specimens 
showed  much  higher  creep  deflection  and  approached  the 
creep  resistance  of  the  long-wafer  PF  perpendicular  speci- 
mens. In  linear  expansion  (LE),  thickness  swelling  (TS)  and 
water  absorption  (WA)  comparisons,  the  MKL/PF  specimens  per- 
formed as  well  or  better  than  both  commercial  PF  board 
types.  Differences  in  dimensional  stability  means  (signi- 
ficant at  the  0.05  level  of  confidence)  among  the  three 
board  types  occurred  in  linear  expansion  tested  perpendi- 
cular to  panel  length,  thickness  swelling,  and  water 
absorption.  All  board  types  displayed  more  or  less  equal 
resistance  to  fungal  decay.  However,  relative  to  the  aspen 
poplar  control  specimens,  significantly  higher  decay 
resistance  (0.01  level)  was  shown  by  all  board  types  with 
the  decay  fungus  Lenzites  trabea.      With  Porta  placenta,    the 
short-wafer  PF  and  MKL/PF  specimens  were  more  decay  resist- 
ant than  the  control.  Mold  was  found  not  to  have  a  signi- 
ficant effect  on  the  bending  strength  of  specimens  tested 
on  edge. 


INTRODUCTION 

Wood  and  wood-based  products,  in  their  var- 
js  applications,  are  expected  to  safely  with- 
'^nd  the  conditions  imposed  by  the  particular 
srvice  environments.  Structural  wooden  members 
ad  panels  are  designed  to  carry  loads  contin- 
Lusly  for  long  periods  of  time  in  adverse 
evironmental  conditions  and  under  the  influence 
c  possible  biodegradation.  Information  is 
mailable  on  the  mechanical  behavior  of  tradi- 
lonal  wood  products  with  respect  to  load 
cjration,  moisture  and  micro-organisms.  However, 
lie  same  cannot  be  said  for  commercial  or  experi- 
rlntal  waferboards.  Thus,  a  study  was  initiated 
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to  assess  the  effects  of  1)  load  on  the  time- 
dependent  behavior  of  waferboard  in  bending, 
2)  moisture  on  the  dimensional  stability  of 
waferboard,  and  3)  mold  and  fungi  on  the  dura- 
bility of  waferboard. 


MATERIALS 

For  this  study,  two  types  of  commonly  used 
waferboard  for  roof  sheathing  in  residential 
wood  construction  and  one  experimental  waferboard 
were  selected  (fig.  1).  The  commercial  boards, 
produced  to  meet  the  requirements  of  CAN3-0188.2- 
M78  and  ANSI  A208.1-79  standards,  had  randomly 
oriented  wafers  bonded  with  a  phenolic  powder 
resin  (PF).  The  two  panels,  designated  PFi  and 
PF2  differed  by  wafer  length.  The  PFi  had  long 
wafers  (89  mm)  while  the  PF2  panels  had  shorter 
wafers  (38  mm).  The  commercial  panels  were  ran- 
domly selected  from  shipments  of  two  manufac- 
turers. 
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The  experimental  waferboard  was  bonded  with 
methylolated  kraft  1 ignin/phenol  formaldehyde 
(MKL/PF)  resin.  These  boards  were  made  with 
randomly  oriented  wafers  (38  mm  in  length)  in 
the  laboratory.  The  fabrication  technique  in- 
volved spraying  the  wafers  with  2  percent  slack 
wax,  then  blending  2.5  percent  powdered  phenol- 
formaldehyde  resin  in  a  drum- type  blender  for 
2  minutes.  The  mats  with  5  ±  0.5  percent 
moisture  content  were  pressed  for  5  minutes  at 
210OC  press  temperature.  Press  closing  time  was 
approximately  60  seconds.  For  more  detailed 
information  on  this  resin  system  and  its  appli- 
cation in  waferboard  production  see  Dolenko  and 
Clarke  (1978). 


EFFECT  OF  LOAD  ON  THE  TIME-DEPENDENT 
BEHAVIOR  OF  WAFERBOARD  IN  BENDING 


When  a  structural  panel  li 
used  in  roof  sheathing  applicat 
cal  behavior  exhibits  time  depe 
on  the  circumstances,  the  panel 
from  their  plane  exhibiting  wha 
referred  to  as  sagging,  buck! in 
amount  of  creep  depends  upon  a 
including  the  magnitude  of  the 
tion  of  the  load,  the  environme 
and  moisture  content  fluctuatio 


ke  waferboard  is 
ions,  its  mechani- 
ndency.  Depending 
s  may  deviate 
t  is  commonly 
g  or  creep.  The 
number  of  factors 
load,  the  dura- 
ntal  temperature, 
ns. 


Using  the  deformation  curve  in  figure  2, 
the  time-dependent  behavior  can  be  discussed 
as  illustrated.  On  the  application  of  a  load 
at  time  (tp),  there  is  an  instantaneous  elastic 
deformation  (OA).  On  maintaining  the  load  to 
t] ,  the  deformation  increases  at  a  decreasing 
rate;  thus  increment  (AB)  is  known  as  "creep". 
On  removal  of  the  load  at  t] ,  an  instantaneous 
creep  recovery  (BC)  occurs  which  is  approxi- 
mately equal  in  magnitude  to  the  initial  elastic 
deformation  (OA).  With  time,  there  is  a  partial 
recovery  (CD)  of  the  creep  deformation  at  a  de- 
creasing rate  until  time  t2.  The  amount  of 
creep  that  has  occurred  during  loading  can  be 
divided  into  a  "recoverable"  component,  which 
displays  delayed  elastic  behavior,  and  an 
"irrecoverable"  component  which  is  due  to  plastic 
or  viscous  flow  (Pierce  and  Dinwoodie,  1977). 

In  this  study,  only  the  creep  portion  (AB) 
of  the  time-dependent  behavior  of  waferboard  is 
addressed.  The  creep  evaluation  consisted  of 
subjecting  one  commercial  waferboard  (PF])  and 
the  MKL/PF  experimental  waferboard  to  three  load 
levels  (table  1).  After  equilibration  to  room 
conditions  (210C  and  65  percent  relative  humid- 
ity), the  specimens,  11.1  x  153  x  660  mm,  were 
center-point  loaded  over  a  span  of  610  mm.  For 
the  commercial  waferboard,  approximately  15 
specimens  were  evaluated  from  both  panel  direc- 
tions. Since  the  MKL/PF  specimens  do  not  show 
directional  properties,  only  one  test  direction 
with  respect  to  panel  length  was  considered. 

A  creep  loading  frame  and  defection 
measurement  apparatus  was  constructed  (fig.  3). 
The  measurement  apparatus  contained  a  dial  gauge 


with  an  accuracy  of  0.01  mm  and  mounted  as  sici 
in  figure  4.  The  apparatus  was  a  tripod  des'c 
of  aluminum  for  stability  and  handling  ease,  "le 
dial  gauge  arm  rested  on  the  actual  specimens  / 
means  of  holes  drilled  in  the  loading  frame  ci 
22-mm  diameter  steel  pipes.  This  method  of 
measuring  deflections  enabled  the  load  to  be 
removed  or  applied  with  the  reference  point 
maintained;  thus  the  elastic  response  of  the 
specimens,  the  deflection  of  the  specimens 
immediately  following  load  application  and  lo 
removal,  could  be  recorded. 

Deflection  measurements  were  taken  at  ap  - 
priate  times  for  two  months  with  the  load  app  id 
and  two  months  with  the  load  removed.  Deflec  In 
at  1/2  minute  following  load  application  and  '  t'd 
removal  was  defined  as  the  elastic  response  o' 
the  specimens.  At  the  end  of  the  creep  tests 
all  specimens  including  adjacent  controls  were 
tested  in  static  bending  over  a  610-mm  span, 
test  procedures  followed  the  recommendations  c 
CAN3-0188.0-M78  (1978). 

The  results  of  the  creep  experiments  are 
summarized  graphically  in  figures  5  and  6.  Tc 
better  apprehend  the  creep  resistance,  relativ! 
deflection  values  obtained  at  two  selected  tirr  i 
were  compared  (table  2).  The  two  times  chosen 
were  the  instantaneous  response  (1/2  minute  af  i 
loading)  and  at  900  hours.  For  analysis,  the 
data  can  be  compared  by  1 )  effect  of  board  typ 
within  load  levels,  2)  effect  of  load  level-- 
among  load  levels,  and  3)  combination  of  load 
level  and  board  type--within  and  among  load 
levels.  For  all  these  cases,  the  instantaneou 
deflection  of  specimens  with  the  highest  creep 
resistance  were  chosen  as  the  control  and  the 
other  measurements  were  rated  based  on  the  con- 
trol measurement. 


In  the  "within  load  level"  comparisons,  th 
highest  creep  resistance  was  displayed  by  the  f -, 
parallel  specimens  followed  by  MKL/PF,  then  PF]' j 
perpendicular  specimens.  However,  the  gap  be-  ' 
tween  the  MKL/PF  specimens  and  the  controls 
widened  and  approached  the  creep  resistance 
exhibited  by  the  PF]  perpendicular  specimens  f o ' 
the  high  load  level . 

In  "among  load  level"  comparisons,  when   , 
going  from  the  low  to  the  medium  load  level,  al  ! 
specimens  showed  an  approximate  increase  of 
three  times  the  control  deflection  at  both  time 
instances.  However,  at  the  high  load  level,  th' 
commercial  specimens  in  the  two  test  directions  j 
had  close  values  (i.e.,  approximately  400  and  61  ( 
percent  for  t=l/2  minute  and  t=900  hours,     i 
respectively)  whereas  those  for  MKL/PF  were  som(- 
what  greater  (i.e.,  600  and  800  percent  for  the 
two  times) . 

When  load  levels  and  materials  are  comparec  ,1 
it  can  be  seen  that  at  the  high  load  level  the  j 
MKL/PF  and  PF]  perpendicular  specimens  exhibitec  | 
approximately  800  and  900  percent  increase  in 
creep  deflection  at  the  instanteous  time  and  120' 
and  1300  percent  at  900  hours,  respectively,  rel '^ 
ative  to  the  PF-]  parallel  control  specimens. 
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The  creep  response  was  analyzed  in  terms  of 
4-parameter  viscoelastic  model  (fig.  7).  The 
iscoelastic  behavior  has  been  represented  by 
irious  spring  and  dashpot  anologues  in  which  the 
)ring  simulates  the  elastic  component  and  the 
ishpot  the  plastic  or  viscous  component.  The 
)ur  governing  parameters  are  the  spring  constants 
)  and  El,  and  the  dashpot  constants  Po  and  n^. 

The  governing  differential  equation  for  a  4- 
irameter  or  Burger's  model  according  to  Szabo 
id  Ifju  (1970)  is: 


0  +  pio  +  P20  =  qiE  +  q2t 


{1} 


here:  o   and  0  =  first  and  second  derivatives  of 
stress  with  respect  to  time 

e  and  e  =  first  and  second  derivatives  of 
strain  with  respect  to  time 


Pi 


y^  (1  +  Ei/Eo)  +  PI 


Ei 


P   =   " 
^   E  F 


qi 

E„ 


VI 


El 

modulus  of  elasticity  of  the 
free  spring 

viscosity  of  the  liquid  in  the 
free  dashpot 

modulus  of  elasticity  of  the 
spring  in  the  retarded  element 


\ij   =   viscosity  of  the  liquid  in  the 
dashpot  of  the  retarded  element 

le  solution  of  the  differential  equation  for 
'eep  is: 

(t)  =  oo{l/Eo+  1/Ei(l  -  e'^^')   +   t/u  1     {2} 


jre:  oq/Eq  =  elastic  deformation 


oo/Eid  -  e-^/^ 

oot/po  =  viscous  flow 

retardation  time 


q_2 


'El 


delayed  elastic  defor- 
mation 


{3} 


ie  constants  in  Equation  {2}  could  be  obtained 
*om  the  experimental  data: 

oo  (L,M,H)  =  experimental  stress  levels  (1.88, 
4.79,  and  7.69  GPa) 

E^  (PF,  ,  MKL/PF)  =  initial  moduli  of  elasticity 
of  the  two  waferboards  (PF,  parallel  - 
5.5  GPa,  PFi  perpendicular-2.7  GPa, 
MKL/PF  -  4.4  GPa) 


The  approximately  constant  slope  attained  by  the 
creep  curves  in  figures  5  and  6  allowed  calcu- 
lation of  uo  from  the  relationship: 


slope  = 


Po 


For  the  end  of  the  creep  curves  in  figures  5  and 
6  where  constant  slope  is  reached  (fig.  8),  the 
solution  of  the  differential  equation  may  be  re- 
written as  follows: 


:(t; 


Oo 


(1/En  +  1/Ei  +  t/y„} 


Since  the  first  two  terms  1/Eq  and  1/E^,  are  con- 
stants, it  is  easy  to  see  that  the  slope  of  the 
curve  is  oq/po  for  large  values  of  t.  The  inter- 
cept of  the  tangent  from  the  above  solution  is 
therefore: 


'^^VVo 


From  this,  E^  can  be  calculated. 

There  remains  only  y^  to  be  calculated  to 
describe  strain  behavior  in  terms  of  the  equation. 
This  may  be  found  from  Equation  {3}. 

In  this  study,  t,  a  material  constant,  was 
not  determined  experimentally.  Arbitrary  values 
could  be  assigned  to  i  and  the  one  that  satisfied 
Equation  {2}  was  considered  to  be  the  true  value. 
This  procedure  was  followed  in  the  analysis  of 
the  experimental  data  using  digital  computer 
techniques  to  find  t,  the  retardation  time. 


Then,  from  Equation  {3; 


was  obtained. 


The  results  concerning  the  model  parameters 
and  coefficients  of  the  governing  differential 
equation  are  given  in  table  3  for  PFi  board  in 
parallel  direction  at  the  low  load  level.  For 
the  other  cases  (load  level  and  board  type), 
relative  values  are  given  as  the  percentage  of 
PFt  parallel  specimen  data  at  the  low  load  level. 
These  results  (table  3)  substantiate  the  dis- 
cussion presented  earlier  with  the  creep  curves. 
Thus,  the  highest  creep  resistance  was  demon- 
strated by  PF]  parallel  specimens  at  all  three 
load  levels.  The  high  elasticity  in  the  system 
was  confirmed  by  the  high  magnitude  of  elastic 
constants.  At  the  same  time,  the  magnitude  of 
u^  suggests  that  the  viscous  flow  resistance  of 
the  system  was  also  high. 

The  PFi  perpendicular  specimens  demonstrated 
substantially  lower  elasticity  and  less  resist- 
ance to  viscous  flow  relative  to  the  controls. 
The  MKL/PF  specimens  indicated  slightly  less 
elasticity  as  compared  to  the  PF  parallel  speci- 
mens and  their  resistance  to  viscous  flow  was 
only  slightly  better  than  that  of  the  PF  perpen- 
dicular specimens. 

The  MKL/PF  specimens  were  tested  three 
weeks  following  manufacture  and  some  post-curing 
may  still  have  been  in  progress.  This  may  ex- 
plain the  high  viscous  behavior  of  the  board, 
especially  at  high  load  levels. 
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Bending  tests  following  the  creep  tests 
showed  that  creep  had  no  significant  effect  on 
the  bending  properties  of  the  test  specimens 
relative  to  the  control  specimens  at  the  low 
load  level.  Testing  is  not  completed  at  the  other 
load  levels. 

EFFECT  OF  MOISTURE  ON  THE  DIMENSIONAL 
STABILITY  OF  WAFERBOARD 

Waferboard,  a  hygroscopic  material,  will 
shrink  and  swell  when  exposed  to  conditions 
causing  desorption  or  adsorption  of  water.  The 
phenomenon  can  be  attributed  to  the  basic  wood 
nature.  The  dimensional  response  of  waferboard 
to  moisture  change  is  very  important  in  its  major 
applications.  Two  examples  are  joint  quality  due 
to  edge  swelling  and  buckling  as  a  result  of 
expansion. 

In  this  work,  the  dimensional  stability  of 
11.1 -mm  waferboard  was  studied  in  terms  of 
linear  expansion  (LE),  thickness  swelling  (TS), 
and  water  absorption  (WA).   Ten  specimens  per 
panel  direction  were  used  for  both  PF  commercial 
waferboards.  The  MKL/PF  specimens  totaled  20 
with  no  consideration  given  to  direction  of 
testing.  All  specimens  were  cut  to  the  same 
dimensions  as  the  creep  specimens. 

Linear  expansion  tests  were  carried  out 
according  to  APA  Test  Method  P-1 :  Linear  Expan- 
sion Measured  from  Oven  Dry  to  Vacuum-Pressure 
Soak  (American  Plywood  Association,  1980).  As 
the  title  suggests  linear  expansion  was  deter- 
mined from  length  measurements  taken  following 
oven-drying  and  after  the  specimens  were  exposed 
to  water,  vacuum  and  pressure.  Thickness 
swelling  and  water  absorption  were  determined 
using  the  same  LE  specimens  going  from  oven-dry 
to  the  saturated  condition. 

Linear  expansion  was  measured  to  the  near- 
est 0.01  mm  using  a  bar-type  trammel  equipped 
with  a  dial  gauge  (fig.  9).  A  610-mm  gauge 
length  was  defined  on  the  longitudinal  axis  of 
each  specimen  by  driving  a  common  aluminum  nail 
through  the  thickness  at  25.4  mm  from  each  end. 
A  1.1 -mm  hole  was  drilled  in  the  geometric  center 
of  each  nail  to  accommodate  the  needles  of  the 
trammel.  A  brass  bar  having  identical  holes 
drilled  610  mm  apart  served  as  the  reference 
measurement.  For  accuracy,  each  specimen  was 
placed  in  a  flattening  jig  which  removed  any 
out-of-plane  distortions. 

The  results  of  the  dimensional  stability 
tests  are  shown  in  table  4.  The  linear  expansion 
for  specimens  in  the  perpendicular  test  direction 
was  higher  than  the  corresponding  linear  expan- 
sion in  the  parallel  direction  for  both  commer- 
cial board  types.  The  differences,  however,  were 
not  significant  at  the  0.05  level  of  confidence. 
The  MKL/PF  specimens  had  a  LE  of  0.26%  which 
equaled  the  average  of  both  commercial  boards 
tested  parallel  to  panel  length. 

From  the  point  of  view  of  thickness  swelling, 
PF2  specimens  performed  the  best,  followed  by 
PF]  then  by  the  MKL/PF  specimens,  but  the  differ- 


ence between  PF]  and  MKL/PF  is  non-significant 
Water  absorption  tests  showed  that  the  MKL/PF 
specimens  displayed  the  best  performance  by 
having  approximately  11  percent  less  water  ab- 
sorption than  the  average  of  the  commercial 
specimens. 

Analysis  of  variance  for  a  one-way  class! 
cation  showed  that  the  difference  in  means  amo  . 
the  three  board  types  within  each  category  weri 
found  to  be  significant  at  the  0.05  level  of 
confidence  in  all  cases  except  in  linear  expan 
sion  comparisons  with  specimens  tested  paralle 
to  panel  length. 

EFFECT  OF  MOLD  AND  FUNGI  ON  THE  DURA- 
BILITY OF  WAFERBOARD 


Waferboard,  in  its  various  applications, 
could  be  exposed  to  ambient  conditions  that  mah 
it  prone  to  mold  and/or  fungal  attack.  It  has 
been  shown  that  wood  species,  particle  geometry, 
board  structure  density,  and  adhesive  factors 
are  all  involved  in  susceptibility  of  particle- 
board  to  fungi  (Smith,  1974;  Willeitner,  1965). 

Waferboard  is  normally  made  from  poplars 
which  are  susceptible  to  mold  and  decay.  The  P' 
resin  has  been  known  to  provide  some  protection 
against  micro-organisms  (Bosshard  and  Futo,  196 
but  the  combination  effects  with  poplar  and  PF 
resin  or  MKL/PF  resin  in  waferboard  are  not 
known. 

Since  the  biodeterioration  process  usual!, 
commences  with  mold  followed  by  decay,  the  effe; 
of  both  on  the  behavior  of  waferboard  were 
examined. 


EXPOSURE  TO  MOLD 

Resistance  to  mold  was  evaluated  using  a 
modified  APA  Test  Method  D-2:  Mold  Test.  The 
modification  was  not  subjecting  the  control 
specimens  to  APA  Test  Method  D-4:  Moisture 
Cycle  for  Quality  Assurance.  It  was  believed 
that  variables  beyond  our  control  would  be  intrt- 
duced  and  allowing  the  controls  to  attain 
equilibrium  moisture  content  at  21  C  and  65  per-  ^ 
cent  relative  humdity  was  better.  i 


The  test  speci 
under  mold-producin 
specimen  measured  1 
tested  on  edge  aero 
applied  at  midspan. 
on  bending  strength 
test  and  adjacent  c 
of  specimens  was  te 
at  the  four-week  ex 


mens  were  placed  in  a  cabinet 
g  conditions  (fig.  10).  Eacl- 
1 .1  x  25.4  X  127  mm  and  was 
ss  a  102-mm  span  with  the  lea 
The  effect  of  mold  was  base 
(MOR)  differences  between 
ontrol  specimens.  One  series 
sted  e\/ery  two  weeks  starting 
posure  time. 


Table  5  presents  the  bending  strength  re- 
tention results  of  the  mold  specimens.  Whether 
mold  had  a  definite  effect  on  MOR  cannot  be 
clearly  stated.  In  some  cases,  the  bending 
strength  increased  with  increased  exposure  time 
as  indicated  by  higher  retention  values.  From  a 
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u\. 


\sual  standpoint  (fig.  11),  there  was  no  notice- 
le  difference  in  mold  growth  among  the  three 
tard  types. 


EXPOSURE  TO  DECAY  FUNGI 


The  method  applied  for  this  investigation 
vfea  slightly  modified  version  of  the  Standard 
fthod  of  Accelerated  Laboratory  Tests  of  Natural 
jj[cay  Resistance  of  Woods  ASTM  D  2017-71.  Poly- 
Pjia^ws  versiaolor   L.  ex  Fr.  {S-634  in  Forintek's 
'[stern  Laboratory  Culture  Collection),  Lenzites 
tabea   Pers.  ex  Fr.  (A-188),  and  Poria  placenta 
(r.)  Cooke  (A-189),  which  are  all  wood-rotting 
Esidiomycetes  recommended  for  tests  on  hardwoods, 
re  used  as  test  fungi.  Chaetomium  globoswv 
Inze  ex  Fr.  (C-367),  an  Ascomycete,  was  also 
eluded.  The  Ascomycete  causes  soft  rot,  grows 
11  in  soil-block  jars  and  usually  is  included 
testing  the  resistance  of  materials  against 
ngal  attack. 


The  test  consisted  of  exposing  six  11.1  x 
4  X  25.4-mm  blocks  of  each  waferboard  types 
1  each  of  the  four  test  fungi.  Aspen  poplar 
pwood  blocks  of  the  same  dimensions  were  used 
control  specimens.  The  resistance  of  the 
ecimens  to  the  attack  of  fungi  was  based  on 
rcent  weight  loss  following  exposure  to  the 
cay  fungi . 

The  weight  losses  obtained  with  the  four 
ngi  are  shown  in  table  6.  ■Polyporus  versiaotor 
used  losses  ranging  between  4  and  9  percent, 

.nzites  trahea   between  44  and  55  percent,  Poria 
aaenta   between  38  and  57  percent  and  Chaetomium 

loboswn   between  5  and  6  percent.  Table  7  corn- 
res  the  percent  weight  loss  results  between 
e  different  materials  within  each  test  fungus 
tegory.  The  student's  "t"  test  was  employed 
r  statistical  comparison.  Relative  to  the 
pen  poplar  control  samples,  all  board  types 

;re  found  to  have  a  significantly  higher  decay 

jsi stance  when  exposed  to  Lenzites  trabea.     When 
posed  to  Poria  placenta,   PF2  and  MKL/PF  speci- 
ns  showed  higher  resistance  than  the  controls, 
nee  the  MKL/PF  specimens  lost  statistically  the 
me  weight  as  either  or  both  of  the  commercial 

)ecimens,  it  may  be  concluded  that  all  three 
ard  types  were  equally  resistant  to  the  attack 
decay  fungi . 


CONCLUSIONS 


Creep  Resistance 

,.  The  highest  resistance  to  creep  at  all  three 
bad  levels  was  exhibited  by  the  long-wafer  PF-j 
pecimens  tested  parallel  to  panel  length.  At 
he  low  load  level  they  were  followed  closely  by 
he  MKL/PF  specimens  then  at  a  distance  by  the 
png-wafer  PF]  perpendicular  specimens.  At  the 
igh  load  level,  however,  the  MKL/PF  specimens 
jhowed  much  higher  creep  deflection  and  approached 
ihe  creep  resistance  of  the  long-wafer  PF]  per- 
endicular  specimens. 


2.  A  4-element  model  could  adequately  describe 
creep  phenomenon  of  waferboard  in  bending  for 
better  understanding  of  its  time-dependent  behav- 
ior. 


Dimensional  Stability 


In  LE,  TS,  and  WA 
specimens  performed  as 
to  the  two  commercial 
tions.  The  difference 
board  types  within  eac 
be  significant  at  the 
in  al'l  cases  except  in 
sons  with  specimens  te 
length. 


comparisons,  the  MKL/PF 
well  or  better  relative 

board  types  in  both  direc- 
in  means  among  the  three 

h  category  were  found  to 

0.05  level  of  confidence 
linear  expansion  compari- 

sted  parallel  to  panel 


Biodetericration  Resistance 

1.  Mold  did  not  have  a  significant  effect  on  the 
bending  strength  of  specimens  tested  on  edge. 

2.  With  Lenzites   trabea,   all  board  types  showed 
significantly  higher  decay  resistance  relative 
to  the  control  aspen  poplar  samples. 

3.  With  Poria  placenta,   short-wafer  PF  and 
MKL/PF  specimens  showed  significantly  higher 
decay  resistance  relative  to  the  control  aspen 
poplar  samples. 

4.  All  board  types  were  more  or  less  equal  in 
decay  resistance. 
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Table  l.--Load  levels  used  in  creep  experiments- 


Table  2. --Comparison  of  creep  deflection  curve 
of  the  various  waferboards 


Level 

Load^/ 

Stress-/ 

kg 

lbs 

MPa       psi 

Low  (L) 
Medium  (M) 
High  (H) 

3.95 
10.05 
16.15 

8.7 
22.2 
35.6 

1.88       273 
4.79       696 
7.69      1116 

1/Load  of 
load  in  Ca 

16.15  kg 
nada  of  2 

simulates 
.7  kN/m2  ( 

the 
57 

average  snow 
lbs/ft2) 

2/1  kg  =  2 

.20462  lb; 

> 

3/1  MPa  = 

145.038  p 

si 

Load 
level 

Board      Relative  defl 
type      Instantaneous 

ection  (%; 
900  houn 

Within  Load 

Levels 

Low 

PFi  parallel 

PFi  perpendicular 

MKL/PF 

100 
238 
144 

175 
393 
244 

Medium 

PFl  parallel 

PFi  perpendicular 

MKL/PF 

100 
191 
135 

155 
296 
204 

High 

PFl  parallel 

PFl  perpendicular 

MKL/PF 

100 
199 
181 

144 
301 
270 

Among  Load 

Levels 

Low 

Medium 

High 

PFl  parallel 

100 
303 
438 

174 
469 
632 

Low 

Medium 

High 

PFl  perpendicular 

100 
242 
367 

165 
376 
554 

Low 

Medium 

High 

MKL/PF 

100 
284 
552 

170 
417 
823 

Within  and  Amc 

ng  Loads 

Low 

PFl  parallel 

PFl  perpendicular 

MKL/PF 

100 
238 
144 

175 
393 
244 

Medium 

PFl  parallel 

PFl  perpendicular 

MKL/PF 

303 
577 
408 

469 
896 
618 

High 

PFl  parallel 

PFl  perpendicular 

MKL/PF 

438 
874 
792 

632 
1321 
1182 

Table  3. --Model  parameters  and  coefficients  of  governing  differential  equation  of  waferboards  at  21  C  and 
65%  RH 


Parameters 

and 

coefficients 


PFl  parallel 

low  load 

values 


Parallel 


Relative  values  (%)- 


PFn 


Perpendicular 


M 


M 


H 


MKL/PF 


M 


Eo^ 

El 
Po 
Vi 
Pi 

P2 

qi 
q2 


1.88  (MPa) 
5.50  (GPa) 
9.32  (GPa) 
32.45  (GPa-hr. 
1.40  (GPa-hr)-/ 
9.53^/ 


2/ 


886.27 


2/ 


32.45^/ 
4,874.46^/ 


100 

255 

409 

100 

100 

100 

100 

137 

165 

TOO 

129 

180 

100 

127 

166 

100 

115 

152 

100 

120 

181 

100 

129 

180 

100 

120 

181 

100 

255 

409 

100 

255 

409 

49 

49 

49 

80 

80 

80 

69 

66 

72 

89 

132 

134 

33 

67 

69 

76 

78 

88 

62 

71 

61 

78 

96 

105 

61 

124 

123 

92 

83 

93 

62 

147 

120 

84 

71 

86 

33 

67 

69 

76 

78 

88 

30 

72 

59 

67 

56 

69 

VRelative  values  are  expressed  as  the  percentage  of  the  PFi  parallel  specimen  values  obtained  at 

load  level .  3 

2^/Values  should  be  multiplied  by  10  . 


the  low 
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ibp  4. --Dimensional  properties  of  waferboard         Table  5. --Retention  of  bending  strength  of  mold 
-secimens  specimens 


Linear  expansion 
j  Perpendi-  Thickness   Water 

Parallel   cular    Swelling  Absorption 


-%■ 


Board 

Exposure 
period 

Retention  of  bending  strength 

type 

Parallel     Perpendicular 

Weeks 

% 

1 

0.25           0.38 

39.3 

128.9 

''^ 

2 

0.27           0.31 

35.6 

126.3 

LT 

0.26 

40.1 

113.1 

PF^ 

4 

53.6 

48.4 

6 

66.8 

53.0 

8 

50.5 

50.0 

10 

46.5 

55.2 

4 

50.1 

55.7 

6 

65.6 

51.6 

8 

62.8 

53.7 

10 

60.8 

63.1 

MKL/PF      4  65.8 

6  58.3 

8  57.7 

10  59.5 


abs  6. --Weight  losses  obtained  for  six  specimens  per  material  type  with  Polyporus  versicolor,  Lenzites 
iihea,   Poria  placenta,    and  Chaetomium  globosumL' 

Polyporus  Lenzites  Poria  Chaetomium 

aterial  versicolor  trabea  placenta  globosum 


PF  waferboard  3.50(53.8)         49.46(15.1)      38.04(64.2)         5.60(11.5) 

Pf  5.40  (15.2)         43.45  (11.0)      51.76  (6.5)        6.22  (10.4) 

M^/PF  waferboard  5.71    (23.7)  48.55(20.1)  51.78     (8.1)  6.19(15.2) 

Aslen  wood  8.64   (45.4)  65.00     (7.2)  66.98     (3.0)  5.90   (68.7) 

I 

l_/he  first  value  per  fungi  is  the  mean  and  value  in  parentheses  is  the  coefficient  of  variation. 

Tile  7. --Comparison  of  weight  loss  results  at  99  percent  level  of  confidence  using  Student's  "t"  test 


Test  fungus 

1/ 

1 terial 
;orarisons 

Polyporus 
versicolor 

Lenzites 
trabea 

Poria 
placenta 

Chaetomium 
globosum 

\s|tn  wood  vs 

P^l 

8.64 

vs 

NS 

3.50 

65.00 

vs 

49.46 

66.98 

vs 
NS 

38 

04 

5.90 

vs  5.60 
NS 

\s|'n  wood  vs 

PF^ 

8.64 

vs 

NS 

5.40 

65.00 

vs 

** 

43.45 

66.98 

vs 

** 

51 

76 

5.90 

vs  6.22 

NS 

AS|!n  wood  vs 

MKL/PF 

8.64 

vs 

NS 

5.71 

65.00 

vs 

** 

48.55 

66.98 

vs 

** 

51 

78 

5.90 

vs  6.19 

NS 

'F  vs  PF^ 

3.50 

vs 

NS 

5.40 

49.46 

vs 

NS 

43.45 

38.04 

vs 

NS 

51 

76 

5.60 

vs  6.22 

NS 

'F  vs  MKL/PF 

3.50 

vs 

NS 

5.71 

49.46 

vs 
NS 

48.55 

38.04 

vs 

NS 

51 

78 

5.60 

vs  6.19 

NS 

^F 

vs  MKL/PF 

5.40 

vs 
NS 

5.71 

43.45 

vs 

NS 

48.55 

51.76 

vs 
NS 

51 

78 

6.22 

vs  6.19 
NS 

1/ 


'   =  significant  difference,  NS  =  nonsignificant  difference. 
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Table  l.--Load  levels  used  in  creep  experiments 


1/ 


Level 

Load^/ 

Stress-/ 

kg 

lbs 

MPa       psi 

Low  (L) 
Medium  (M) 
High  (H) 

3.95 
10.05 
16.15 

8.7 
22.2 
35.6 

1.88       273 
4.79       696 
7.69      1116 

1/Load  of 
load  in  Ca 

16.15  kg 
nada  of  2 

simulates 
.7  kN/m2 

the 
57 

average  snow 
lbs/ft^) 

2/1  kg  =  2 

.20462  lb; 

> 

3/1  MPa  = 

145.038  p 

si 

Table  2. --Comparison  of  creep  deflection  curves 
of  the  various  waferboards 


Load 
level 

Board      Relative  defl 
type      Instantaneous 

ection  (%) 
900  hours 

Within  Load 

Levels 

Low 

PF]  parallel 

PFi  perpendicular 

MKL/PF 

100 
238 
144 

175 
393 

244 

Medium 

PFi  parallel 

PFi  perpendicular 

MKL/PF 

100 

191 
135 

155 
296 
204 

High 

PFi  parallel 

PFi  perpendicular 

MKL/PF 

100 
199 
181 

144 
301 
270 

Among  Load 

Levels 

i 

Low 

Medium 
High 

PF]  parallel 

100 
303 
438 

174    i 

469 

632 

Low 

Medium 
High 

PFi  perpendicular 

100 
242 
367 

165 
376 
554 

Low 

Medium 

High 

MKL/PF 

100 
284 
552 

170 
417 
823 

Within  and  Among  Loads 

Low 

PF]  parallel 

PFi  perpendicular 

MKL/PF 

100 
238 
144 

175 
393 
244 

Medium 

PFi  parallel 

PFi  perpendicular 

MKL/PF 

303 
577 
408 

469 
896 
618 

High 

PF]  parallel 

PFi  perpendicular 

MKL/PF 

438 
874 
792 

632 
1321 
1182 

Table  3. --Model  parameters  and  coefficients  of  governing  differential  equation  of  waferboards  at  21  C  and 

65%  RH 


Relative  values  {%)-^ 


\x 


Parameters 

and 

coefficients 


PFi  parallel 

low  load 

values 


PF, 


Parallel 


Perpendicular 


MKL/PF 


M 


M 


H 


M 


^0 

El 

Pi 

P2 

qi 
qa 


1.88  (MPa) 
5.50  (GPa) 
9.32  (GPa) 


2/ 


32.45  (GPa-hr)"' 

1.40  (GPa-hr)-'' 

9.53^/ 
2/ 


886.27 

32.45^'' 

4,874.46^/ 


100 

255 

409 

100 

100 

100 

100 

137 

165 

100 

129 

180 

100 

127 

166 

100 

115 

152 

100 

120 

181 

100 

129 

180 

100 

120 

181 

100 

255 

409 

100 

255 

409 

49 

49 

49 

80 

80 

80 

69 

66 

72 

89 

132 

134 

33 

67 

69 

76 

78 

88 

62 

71 

61 

78 

96 

105 

61 

124 

123 

92 

83 

93 

62 

147 

120 

84 

71 

86 

33 

67 

69 

76 

78 

88 

30 

72 

59 

67 

56 

69 

VRelative  values  are  expressed  as  the  percentage  of  the  PFi  parallel  specimen  values  obtained  at  the  low 

load  level .  3 

2/VaTues  should  be  multiplied  by  10  . 
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atje  4. --Dimensional  properties  of  waferboard         Table  5. --Retention  of  bending  strength  of  mold 
iecimens  specimens 


Linear  expansion 


iocd  Perpendi-  Thickness   Water 

;y{|    Parallel   cular    Swelling  Absorption 

128.9 
126.3 
113.1 


__'/_. 

'F. 

0.25     0.38 

39.3 

F, 
1 

0.27     0.31 

35.6 

1KI 

PF 

0.26 

40.1 

Board 

Exposure 
period 

Retention 

of 

bending  strength 

type 

Paralle 

1 

Perpendicular 

Uppl/c 

01 

^^1 

4 

53.6 

48.4 

6 

66.8 

53.0 

8 

50.5 

50.0 

10 

46.5 

55.2 

'h 

4 

60.1 

55.7 

6 

65.6 

51.6 

8 

62.8 

53.7 

10 

60.8 

63.1 

MKL/PF 

4 

65 

.8 

6 

58 

.3 

8 

57 

.7 

10 

59 

.5 

a  e  6. --Weight  losses  obtained  for  six  specimens  per  material  type  with  Polyporus  versicolor,  Lenzites 
\abea.   Porta  placenta,    and  Chaetomium  globosumL' 

Polyporus                               Lenzites                          Poria  Chaetomium 

Material                  versicolor                                 trabea                          placenta  globosim 


Pj  waferboard  3.50  (53.8)         49.46  (15.1)  38.04  (64.2)  5.60  (11.5) 

P^  5.40(15.2)         43.45(11.0)  51.76  (6.5)  6.22(10.4) 

r 

f'L/PF  waferboard  5.71  (23.7)         48.55(20.1)  51.78  (8.1)  6.19(15.2; 

AJjen  wood  8.64  (45.4)         65.00  (7.2)  66.98  (3.0)  5.90  (68.7) 

]The  first  value  per  fungi  is  the  mean  and  value  in  parentheses  is  the  coefficient  of  variation. 

Ible  7. --Comparison  of  weight  loss  results  at  99  percent  level  of  confidence  using  Student's  "t"  test 


Test  fungus- 


aterial  Polyporus                                   Lenzites                            Poria  Chaetomium 

;( pari  sons  versicolor                                 trabea                         placenta  globosum 

ijen  wood  vs  PF,  8.64  vs  3.50  65.00  vs  49.46  66.98  vs  38.04  5.90  vs  5.60 

'                 NS                  **              NS  NS 

i;en  wood  vs  PF^  8.64  vs  5.40  65.00  vs  43.45  66.98  vs  51.76  5.90  vs  6.22 


2 


NS  **  **  NS 


l5}en  wood  vs  MKL/PF  8.64  vs  5.71  65.00  vs  48.55  66.98  vs  51.78  5.90  vs  6.19 

J  ^5  •*  •*  NS 

'I    vs  PF^  3.50  vs   5.40  49.46  vs  43.45  38.04  vs  51.76  5.60  vs  6.22 


2 


NS  NS  NS  NS 


vs  MKL/PF  3.50  vs  5.71         49.46  vs  48.55     38.04  vs  51.78     5.60  vs  6.19 

NS  NS  NS  NS 

',  vs  MKL/PF                5.40  vs  5.71         43.45  vs  48.55     51.76  vs  51.78     6.22  vs  6.19 
_; NS NS NS NS 

['*  =  significant  difference,  NS  =  nonsignificant  difference. 
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Figure  1. --General  appearance  of  commercial  and 
experimental  waferboards 


r 


recoverable  creep 

D ; 

irrecoverabi 
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3200 
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TIME  (hours) 


Figure  2. --Time-dependent  behavior  of  wood  undei 

sustained  load  •m    I  J 
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— '—^ — -— ^_!j!:;3.^ij|ra  •  iS^I  fe^  '-J 


Figure  3. --Creep  loading  frame  and  deflection 
measurement  apparatus 


Figure  4. --Deflection  measurement  apparatus 
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Figure  5. --Effect  of  load  on  creep  deflection  of 
waferboard  specimens  tested  parallel  to  panel 
length 
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Figure  6. --Effect  of  load  on  creep  deflection  of 
waferboard  specimens  tested  perpendicular  to 
panel  length 
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E, 


biJ 


lIjm. 


Ml 


E.  =  MOE  of  free  spring 

H»  =  viscosity  of  liquid  in 
free  dashpot 

El  =  MOE  of  spring  in 
retarded  element 

fii  =  viscosity  of  liquid  in 

dashpot  of  retarded  element 


gure  7.--4-parameter-  rheological   model   to  rep- 
resent the  viscoelastic  behavior  of  wood 


igure  9. --Linear  expansion  measurement  equipment 


^:^^*^^^ 


■^••'^5i5F: 


UJ 


< 
»- 


f(t)  =  o.  (1/E.  +  1/E, +  t/M.) 


TIME  (t) 

Figure  8. --Graphical  analysis  of  the  creep  re- 
sponse of  the  4-parameter  model 


Figure  10. --Mold  cabinet 


Figure  11. --Typical  mold  development  on  specimens 
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PRESERVATIVE  TREATMENT  EFFECTS  ON  MECHANICAL 
AND  THICKNESS  SWELLING  PROPERTIES  OF  ASPEN  WAFERBOARD^/-/-/ 

Henry  J.  Hall,  Roland  0.  Gertjejansen,  Elmer  L.  Schmidt, 
Charles  G.  Carll,  and  Rodney  C.  DeGrootl/ 


Abstract. --Eighteen  liquid  or  powdered  phenolic  resol 
resin-bonded  types  of  aspen  [Populus  tremuloides   Michx.) 
waferboard  were  manufactured  incorporating  eight  commer- 
cially manufactured  and  one  experimental  preservative.  Pre- 
servatives were  applied  by  pretreating  wafers,  incorporating 
them  with  wax  or  resin  at  the  time  of  furnish  preparation, 
or  by  dipping  or  pressure  treating  finished  panels. 

Testing  was  conducted  before  and  after  accelerated 
aging,  as  outlined  by  the  American  Society  for  Testing  and 
Materials  standard  method  D  1037.  The  minimum  property 
requirements  of  450,000  psi  (3,103  MPa)  for  modulus  of 
elasticity  and  2,500  (17.2  MPa)  for  modulus  of  rupture  of 
the  American  National  Standard  (ANSI  A208.1  -  1979)  for  mat- 
formed  grade  2-MW  wood  particleboard  were  attained  by  all 
panel  types.  However  the  50  psi  (345  kPa)  internal  bond 
specification  was  not  attained  in  the  panel  type  containing 
wafers  pretreated  with  formaldehyde  and  sulfur  dioxide  or  the 
panel  type  pressure  treated  with  ammoniacal  copper  arsenite. 
Also,  the  formaldehyde  and  sulfur  dioxide  treated  panel  type 
did  not  retain  a  modulus  of  at  least  1,250  psi  (8.6  MPa) 
after  accelerated  aging  as  required  by  the  American  National 
Standard.  All  panel  types  but  the  formaldehyde  and  sulfur 
dioxide  treated  and  those  treated  with  a  chromated  copper 
arsentate  wax  emulsion  prior  to  the  addition  of  resin  re- 
tained at  least  50  percent  of  their  control  modulus  after 
accelerated  again. 
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INTRODUCTION 

Waferboard  is  being  used  increasingly  in 
applications  where  the  deleterious  effects  of 
moisture  and  fungi  may  be  encountered,  such  as 
structural  panels  for  residential  roof  and  wall 
sheathing,  tongue  and  groove  decking  for  re- 
creational vehicles,  panels  for  geodesic  homes, 
packaging,  crating,  sheds,  ice  fishing  shelters 
and  other  small  structures. 

Theoretically,  phenol  formaldehyde  resin 
offers  resistance  to  fungal  degradation  because 
of  its  customarily  high  pH  and  the  presence  of 
non-condensed  phenol  (Schmidt,  et  al .  1978). 
However,  in  practice,  leaching  of  non-condensed 
phenol  can  reduce  decay  resistance  thereby 
necessitating  protection  (Neusser  and  Schedl 
1970).  Furthermore,  paints  or  sizings  used  to 
minimize  these  problems  cannot  be  relied  upon  as 
permanent  protection  (Hedley  1976).  Therefore, 
it  is  desirable  to  have  a  means  for  imparting 
some  degree  of  protection  to  waferboard,  prefer- 
ably at  the  time  of  panel  manufacture.  The 
type  and  quantity  of  preservative  or  water 
repellent  employed  would  depend  on  whether  occa- 
sional-risk or  high  risk  uses  are  envisioned. 
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Wood  preservation  methods  in  the  United 
States  rely  heavily  on  creosote,  chlorinated 
phenols  and  copper  and  arsenic  compounds;  while 
the  European  community  has  developed  alternative 
compounds  specifically  formulated  for  mixing 
with  liquid  phenolic  particleboard  resins  (Becker 
1972,  Becker  and  Gersonde  1976,  Deppe  1970). 

The  intent  of  this  study  was  to  provide 
preservative  protection  for  a  full  spectrum  of 
end  uses  by  incorporating  9  selected  preservative 
treatments  (table  1)  in  one  or  more  of  the  fol- 
lowing ways: 

1.  Dip  treating  finished  panels 

2.  Pressure  treating  finished  panels 

3.  Incorporating  with  resin  or  wax  during 
furnish  preparation 

4.  Pretreating  the  wafers 


In 
a  three 
fluence 
of  elast 
internal 
swell ing 
lie  reso 
Michx. 
outlined 
terials 


this  paper  we  present  the  first  phase  of 
phase  ongoing  study.  We  report  the  in- 
of  preservative  inclusion  on  the  modulus 
icity  (MOE),  modulus  of  rupture  (MOR), 

bond  (IB)  and  irreversible  thickness 

properties  of  powdered  and  liquid  pheno- 
1  resin-bonded  aspen  [Populus  tremuloides 
before  and  after  acclerated  aging  (AA)  as 

by  American  Society  for  Testing  and  Ma- 

ASTM)  Standard  D  1037  (1981). 

MATERIALS  AND  METHODS 


Five  panels  of  each  of  eighteen  different 
types  (table  2)  were  made  for  a  total  of  90 
individual  panels.  Due  to  difficulties  asso- 
ciated with  equipment  cleanup  and  chemical  waste 
disposal,  the  manufacturing  sequence  was  such 
that  all  replicates  of  one  panel  type  were  made 
consecutively.  Ideally,  from  a  statistical 
point  of  view,  one  panel  of  each  type  should  have 
been  made  consecutively,  and  this  process  repli- 
cated five  times.  Thus,  the  manufacturing  se- 
quence used  provided  the  opportunity  for  unrecog- 
nized factors  to  affect  some  types  and  not 
others.  Even  though  the  utmost  care  was  exer- 
cised during  board  manufacture  to  minimize  these 
opportunities,  it  was  felt  that  an  additional 
safeguard  was  desirable.  Because  of  this,  all 
statistical  analyses  were  performed  at  the  1 
percent  level  of  significance  with  Hartley's 
sequential  variant  of  Newman-Keuls'  Q  Method 
(Snedecor  and  Cochran  1967).  This  made  it  in- 
creasingly difficult  for  significant  differences 
to  be  detected,  but  at  the  same  time  reduced 
the  likelihood  of  experimental  error  causing 
treatments  to  be  declared  significantly 
different  when  in  fact  they  were  not.  The  net 
effect  of  this  was  a  conservative  estimation  of 
significant  differences.  Analyses  of  variance 
were  conducted  for  irreversible  thickness  swell- 
ing and  IB  with  a  TxR  randomized  complete  block 
factorial  design,  where  T  =  7  or  11  treatments 
for  liquid  or  powdered  resin  bonded  panels, 
respectively,  and  R  =  3  replicates.  The  moduli 
of  rupture  and  elasticity  were  analyzed  with  a 


TxRxE  randomized  complete  block  factorial  des 
where  T  and  R  are   as  previously  stated  and  E 
environments  (control  and  AA). 

Preservative  Selection 

Although  pentachlorophenol  (PCP)  is  a  comn 
wood  preservative  in  the  United  States  and  has 
been  used  successfully  as  a  particleboard  prej 
vative  (Chow  1979,  Huber  1976),  it  was  not  st 
lected  for  this  study  because  of  reports  of  e> 
sive  loss  during  hot  pressing  (Deppe  1970,  Hec 
197o)  and  increasing  reservations  for  its  use 
human  habitats  (Anonymous  1980). 

Pressure  treatments  of  finished  panels  usi 
ammoniacal  copper  arsenate  (ACA)  and  chromatec 
copper  arsenate  (CCA),  respectively,  (A  and  B, 
table  1),  were  included  as  they  are  known  to  t 
effective  wood  preservatives.  Previous  studie 
(Boggio  and  Gertjejansen  1982,  Hall  and  Gertje 
jansen  1979)  using  wood  particles  pretreated  vi 
these  preservatives  indicated  diminished  mechai 
cal  properties  due  to  their  inclusion.  Nevert 
less,  panels  from  wafers  pretreated  with  (A)  t 
an  equivalent  of  0.4  pcf  retention,  and  bondec 
with  powdered  resin  (BD  019,  Reichhold  Limitec 
were  included  to  provide  a  known  reference  mat 
ial .  Since  both  preservatives  are  commerciall 
important  in  the  United  States,  optional  ways, 
incorporating  them  also  were  considered.  It  v 
decided  to  incorporate  them  with  the  wax  emuls 
The  wax  used  in  this  study  (Paracol  810  NP  wax 
emulsion,  Hercules  Incorporated)  was  found  to; 
compatible  with  (A),  but  not  with  (B).  Theref 
it  was  necessary  to  use  a  special  waxy  water 
repellent  additive  (WeatherShield,  Osmose)  with 
(B)  that  was  not  specifically  formulated  for 
particleboard  manufacture.  Our  personal  exper 
ence  indicated  that  typical  liquid  phenolic  re 
resins  used  in  the  United  States  (PB  65,  Borde 
Chemical)  and  (Plenco  650,  Plastics  Engineerir 
Company)  were  incompatible  when  mixed  with  (A) 
(B),  so  this  method  was  not  employed. 

Two  liquid  preservatives  specifically  forir 
lated  for  mixing  with  liquid  phenolic  particle 
board  resins  that  contained  either  chloronapht 
lene  and  tributyltinoxide  (C,  table  1),  or  a  n 
ture  of  water  soluble  fluorine  and  copper  com- 
pounds (D,  table  1)  were  screened  for  suitabiT 
Both  mixed  with  the  liquid  resin  used  in  this 
study  (PB  65,  Borden  Chemical)  and  therefore  vi 
incorporated  and  applied  during  furnish  prepar 
tion.  Unlike  (C),  (D)  also  was  found  to  be  se 
compatible  (some  wax  coagulated)  with  the  Para 
810  NP  wax  emulsion  and  therefore  was  incorpo- 
rated with  it  during  furnish  preparation  in 
another  panel  type  that  was  bonded  with  the 
powdered  resin.  Additional  searching  for  liqu 
preservatives  compatible  with  liquid  phenolic 
resin  or  the  wax  emulsion  indicated  that  2-(th 
cyanomethylthio)  benzothiazole  (E,  table  1)  mi 
with  the  liquid  resin  and  therefore  was  inclufl 
during  furnish  preparation  in  another  panel  t> 

The  powdered  resin  was  mixed  with  CIS-N-{C, 
2,2-tetrachloroethyl )  thio}-4-cyclohexene-l ,2- 
dicarboximide  (F,  table  1),  also  a  powder,  and 
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desiiplied  simultaneously  during  furnish  preparation, 
is  chemical  is  a  widely  used  agricultural  fungi- 
(jde  and  a  known  skin  sensitizer  to  certain 
ople.  However,  it  was  estimated  that  in  use 
e  risk  would  be  minimal  since  it  would  not  be 
ncentrated  on  the  panel  faces  as  would  be  the 
se  if  applied  in  the  usual  manner  by  dipping 
spraying. 


lotif   A  novel  technique,  (6,  table  1)  that  is 
ofaider  study  in  Europe  is  to  sequentially  treat 
Nenjod  with  formaldehyde  and  sulfur  dioxide  gases, 
our  study  this  technique  was  used  to  pretreat 
fers.  Studies  (Dewispelacre,  Van  Raemdonck, 
d  Stevens  1977,  Stamm  1959,  Stevens,  Schalck, 
d  Van  Raemdonck  1979)  with  paper  or  small  wood 
locks  indicated  that  this  treatment  imparts 
imensional  stability  by  cross  linking  wood  sub- 
,ance  with  formaldehyde  (acetal  formation).  A 
condary  benefit  from  this  cross-linked  formal de- 
de  is  that  fungal  attack  is  substantially  re- 
iced.  This  treatment  was  included  both  for  its 
ingicidal  effect  and  the  added  dimensional 
ability  that  could  reduce  the  reversible  com- 
ment of  thickness  swelling. 


Syii( 


Two  proprietary  formulations  of  water  repel- 
int  preservatives  were  applied  as  dip  treatments 
)  previously  untreated  finished  panels.  One 
)rmulation  was  a  petroleum-borne  preservative 
lat  contained  copper-8-quinol inolate  (H,  table 
I.  The  second  preservative  was  water-borne  and 
intained  3-iodo-2-propynyl  butyl  carbamate  (I, 
Jble  1). 


Treating  Procedures 


Preservatives  mixed 
plied  to  wafers  with  a 
quent  to  the  appl icati 
jpplication  rates  were  a 
ative  manufacturers'  re 
[able  2),  at  the  manufac 
Nos.  14,  15,  17,  table 
ates  (Nos.  16,  18,  tabl 
f  30  to  40  psi  (207  to 
ly  the  resin-preservati 
one  of  these  resin-pres 
[3,  14,  17,  18,  table  2) 
arm  them  to  approximate 
roper  atomization. 


with  liquid  resin  were 
handheld  spray  gun,  sub- 
on  of  wax.  Preservative 
t  0.71  times  the  preser- 
commended  rates  (No.  13, 
turers'  recommended  rates 
2)  and  at  1.4  times  these 
e  2).  Atomizing  pressures 
276  kPa)  were  used  to  ap- 
ve  mixtures.  When  spraying 
ervative  mixtures  (Nos. 
,  it  was  necessary  to 
ly  lOOOp  (380c)  for 


Preservatives  mixed  with  wax  emulsions  (Nos. 
,  7,  10,  table  2)  were  sprayed  at  approximately 
5°F  (240c)  at  atomizing  pressures  of  20  to  30 
|si  (138  to  207  kPa).  In  the  case  of  No.  6, 
fable  2,  water  that  normally  was  added  in  a  sepa- 
liate  spraying  process  to  raise  the  mat  MC  of  pow- 
iier  resin-bonded  panels  was  used  to  dilute  the 
jj)reservative-wax  mixture  to  make  it  more  spray- 
Ible.  Also,  it  was  necessary  to  use  30  psi  (207 
i|;Pa)  air  pressure  to  expel  some  coagulated  wax 
globules  when  spraying  this  preservative-wax  mix- 
pre.  In  another  panel  type  (No.  10,  table  2) 
the  amount  that  was  incorporated  with  the  wax  was 
iimited  since  the  desired  retention  level  of  0.98 
l^ercent  active  solids  likely  would  have  caused 
internal  delaminations  upon  press  opening  due  to 
:he  low  solids  content  (12  percent)  of  the  stock 


solution. 

Pretreatment  of  wafers  with  ACA  (No.  11, 
table  2)  was  performed  in  the  following  manner. 
The  wafers  first  were  saturated  with  water  and 
subsequently  air  dried  to  98%  moisture  content 
(MC);  the  approximate  MC  of  fresh  green  wafers. 
A  slightly  pressurized  nonatomized  stream  of 
preservative  (2%  concentration)  then  was  applied 
to  each  batch  in  a  blender.  A  solids  retention 
of  0.98%  (ovendry  (CD)  wafer  basis)  was  obtained 
for  each  batch.   Treated  batches  were  sealed  in 
plastic  bags  and  placed  in  a  constant  temperature 
room  (720F,  22oc)  for  3  days  to  allow  for  chemi- 
cal diffusion.  They  then  were  air  dried  and 
finafly  kiln  dried  to  5.9%  MC  (total  OD  solids 
basis)  prior  to  panel  manufacture. 


Wafers  selected  for 
hyde  and  sulfur  dioxide 
ceived  a  4-hour  fumigati 
hyde  at  212-230OF  (100-1 
vacuum,  followed  by  a  30 
16  percent  (by  volume)  s 
about  IL/minute.  Subseq 
air  oven  for  24  hours  at 
off  free  formaldehyde  re 
1  percent  net  weight  gai 


treatment  with  formal de- 
(No.  5,  table  2),  re- 
on  with  gaseous  formalde- 
lOOC)  under  a  100  Torr 

minute  fumigation  with 
ulfur  dioxide  flowing  at 
uent  heating  in  a  forced 

2210F  (105OC)  to  drive 
suited  in  an  approximate 
n. 


Application  of  powdered  preservative  to 
wafers  (No.  4,  table  2)  was  accomplished  by 
mixing  the  preservative  with  the  powdered  resin, 
and  tumbling  the  mixture  with  the  wafers. 

All  panels,  including  those  to  be  subse- 
quently treated  via  pressure  (Nos.  8,  9,  table 
2)  or  dip  treatment  (Nos.  1.   3,  table  2),  were 
scuff  sanded  with  a  drum  sander  equipped  with  80 
grit  aluminum  oxide  abrasive.  This  was  done  to 
remove  any  traces  of  silicone  release  agent  from 
the  panels  bonded  with  liquid  resin.  Powdered 
resin-bonded  panels  which  did  not  require  a  re- 
lease agent  also  were  sanded  so  that  MOR  and  MOE 
would  be  affected  equally  in  all  panel  types. 

Panels  designated  to  be  pressure  or  dip 
treated  were  trimmed  to  19  X  21  inches  (48.3  cm 
X  53.3  cm)  and  edge-sealed  with  an  elastomeric 
contact  cement.  With  panels  to  be  pressure 
treated,  aluminum  foil  also  was  used  to  seal  the 
edges.  Pressure  treating  was  done  commercially. 
Panels  receiving  CCA  and  ACA  pressure  treatments 
(Nos.  8,  9,  table  2,  respectively)  were  included 
with  charges  of  posts  or  plywood,  respectively. 
Preservative  loadings  of  CCA  and  ACA  were  deter- 
mined by  assay  [Mercury  displacement  was  used  to 
determine  density  and  samples  were  digested  per 
AWPA  A7-75  and  analyzed  per  AWPA  A2-78  specifi- 
cations (American  Wood  Preservers  Association 
1981)]  to  be  0.62  and  0.57  pcf  (9.9  and  9.1 
kg/m^),  respectively.  Panels  to  be  dip  treated 
(Nos.  2,  3,  table  2)  were  removed  from  a  drying 
oven  and  immediately  weighed  and  then  immersed 
horizontally  in  the  treating  solution  for  3  min- 
utes. They  then  were  removed  and  allowed  to  drip 
for  3  minutes  before  reweighing  and  air-drying. 


145 


Panel  Manufacturing  Parameters 

Untrimmed  panels  were  23  X  24  X  5/8  inches 
(58.4  cm  X  70  cm  X  1.6  cm)  thick  and  had  a 
nominal  density  of  42  pcf  (673  kg/m^).  This  den- 
sity was  based  on  ovendry  mass  of  wood,  resin 
solids,  and  wax  solids,  and  volume  at  moisture 
equilibrium  in  a  control  environment  of  50% 
relative  humidity  at  72°F  (220c).  All  panels 
contained  the  same  OD  weight  of  commercially 
produced,  dried,  and  screened  aspen  (Populus 
tremuloides  Michx.)  wafers  and  wax  solids  (1 
percent  wax  solids,  based  on  the  OD  weight  of 
wafers).  All  boards,  aside  from  those  which 
received  pressure-treating,  contained  3  percent 
resin  solids  (based  on  OD  weight  of  wafers); 
panels  which  received  subsequent  pressure-treat- 
ing contained  4  percent  resin  solids.  A  wax 
emulsion  (Paracol  810  NP  wax  emulsion,  Hercules 
Incorporated)  was  sprayed  onto  the  wafer  prior 
to  resin  application.  One  panel  type  (No.  7, 
table  2)  contained  a  different  wax  emulsion 
(WeatherShield,  Osmose).  The  two  resol  type 
phenol  formaldehyde  resins  already  mentioned  were 
used.  Initially  a  series  of  trial  waferboards 
were  manufactured  to  determine  the  manufacturing 
parameters  needed  to  give  a  similar  MOR,  IB,  and 
thickness  swelling  properties  for  panels  bonded 
with  powdered  or  liquid  phenolic  resins.  Re- 
sults indicated  that  comparable  properties  were 
obtained  when  3%  solids  of  either  powdered  or 
liquid  resin  were  employed,  provided  the  wafer 
mats  had  equivalent  moisture  contents  just  prior 
to  pressing,  and  that  panels  containing  powdered 
resin  were  exposed  to  a  slightly  higher  closing 
pressure,  515  psi  (3.6  MPa)  instead  of  494  psi 
(3.4  MPa)  and  were  pressed  for  a  slightly  longer 
time,  8-1/2  minutes  instead  of  7-1/2  minutes. 
Panels  to  be  pressure  treated  contained  4  percent 
resin  to  minimize  the  effects  of  irreversible 
thickness  swelling  during  treatment.  The  press 
temperature  and  mat  MCs  for  all  panel  types  were 
410Of  (210°C)  and  approximately  8.0  percent 
(total  OD  solids  basis).  After  manufacture,  all 
panel  types  received  a  simulated  hot  stacking  by 
sandwiching  panels  between  layers  of  fiberglass 
insulation. 


Specimen  Testing 

Approximately  3  inches  (7.6  cm)  on  all 
edges  were  trimmed  from  the  original  dimensions 
of  all  panels  to  remove  potential  low  density 
areas.  Then  six,  3-inch  by  17-inch  (7.6  cm  by 
43.2  cm)  strips  were  cut  from  each  panel  repli- 
cate and  were  labeled  as  outer,  middle,  or 
inner  strips  to  indicate  their  former  position 
within  the  panel.  Thus,  there  were  2  outer, 
middle,  and  inner  strips  from  each  panel.  Static 
bending  test  specimens  then  were  allocated  as 
follows.  Three  of  the  5  replicates  of  each  panel 
type  were  selected  to  provide  1  static  bending 
specimens  per  panel  so  that  an  outer,  middle, 
and  inner  strip  was  allocated  for  testing  in  an 
unaged  (control)  condition.  This  process  was 


repeated  again  for  allocating  specimens  to  ar 
aged,  AA  (1),  condition.  Thus,  3  specimens,  >:h 
from  different  panel  replicates  and  from  diffjmt 
locations  within  a  panel  replicate  were  alloc Jid 
to  each  condition.  However,  the  control  and  \^ 
specimens  did  not  necessarily  come  from  the  s  iji 
3-panel  replicates.  This  allocation  scheme  Wii! 
used  to  insure  that  the  estimate  of  experiment 
error  was  based  on  independent  samples. 


Static  ben 
mined  at  the  co 
at  720F  (220c 
1037-78  (America 
1981).  Three  IB 
portions  of  eac 
reversible  thic 
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initial  thickne 
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ding  and  IB  properties  were  de 
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RESULTS  AND  DISCUSSION 


Table  3  and  figures  1  through  8  give  the 
basic  properties  of  the  18  panel  types.  Odd 
numbered  figures  pertain  to  powdered  resin-bortfj 
panels  and  even  numbered  figures  to  liquid  ret' 
bonded  panels. 


MODULUS  OF  ELASTICITY 

The  requirement  of  450,000  psi  (3,103  MPe' 
MOE  for  grade  2-MW  particleboard  specified  by 
ANSI  A208.1  -  1979  (National  Particleoard  Assc( 
ciation)  was  met  by  all  panel  types  (control, 
MOE,  table  3).  These  moduli  were  computed  wit 
post-preservative  treatment  thicknesses.  Sigri' 
ficantly  different  MOEs  exist  for  the  differeir 
powdered  resin-bonded  panels  (fig.  1),  but  not 
for  the  liquid-bonded  panels  (fig.  2).  The  co 
efficient  of  variation  (COV)  for  untreated  pam 
with  powdered  resin  and  liquid  resin  are  7.1 
percent  and  11.6  percent,  respectively,  for  the' 
unaged  condition,  and  3.6  percent  and  8.2  perc; 
respectively,  after  exposure  to  AA. 

The  MOE  behavior  of  some  of  the  treated 
powdered  resin-bonded  panel  types  will  be  dis- 
cussed next.  Exposure  to  AA  significantly  re- 
duced MOE  of  panels  made  of  formaldehyde  and 
sulfur  dioxide  treated  wafers  (No.  5,  fig.  1), 
while  panels  which  received  one  of  the  dip  tre 
ments  (No.  3,  fig.  1)  showed  no  MOE  loss  as  a 
result  of  AA  exposure.  This  lack  of  MOE  loss 
not  readily  explained.  Panels  from  formal dehy 
and  sulfur  dioxide  treated  wafers  (No.  5,  fig. 
showed  MOE  values  after  AA  that  were  significai 
lower  than  MOE  values  for  any  other  panel  type 
Also,  the  control  MOE  for  panel  type  (No.  6,  f' 
1)  was  found  to  be  statistically  higher  than  tl 
MOE  after  AA  of  pressure  treated  panel  types 
(Nos.  8,  9,  fig.  1).  Due  to  thickness  swellin< 
during  pressure  treating  and  the  fact  that  pos1 
preservative-treatment  re-equilibrated  thickne; 
were  used  to  compute  MOE,  the  pressure  treated 
panels  (Nos.  8,  9,  fig.  1)  had  the  lowest  MOE 
values. 
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Modulus  of  Rupture 

Figures  3  and  4  illustrate  the  MOR  proper- 
ies  of  the  powdered  and  liquid  resin-bonded 
inels,  respectively.  The  COVs  for  untreated 
jnels  bonded  with  powdered  resin  and  liquid 
;sin  are  15.9  percent  and  18.7  percent,  respect- 
/ely,  for  the  unaged  condition,  and  5.5  percent 
id  21.7  percent,  respectively,  after  exposure 

AA.  Moduli  of  rupture,  computed  on  the  basis 
F  thickness  after  preservative  treatment,  are 
'esented  in  table  3.  All  panel  types  initially 
t  the  ANSI  (National  Particleboard  Association 
379)  minimum  requirement  of  2,500  psi  (17.2  MPa) 
3R  (control  MOR,  table  3).  However,  panels  made 
f  formaldehyde  and  sulfur  dioxide  treated  wafers 
id  bonded  with  powdered  resin  (No.  5,  AA  MOR, 
jble  3)  did  not  meet  the  minimum  MOR  requirement 
F  1,250  psi  (8.6  MPa)  after  AA  as  required  by 
18  standard.  Loss  of  MOR  resulting  from  AA 
xposure  was  statistically  significant  in  some 
anel  types  (Nos.  5,  7,  17,  MOR  loss,  table  3) 
hile  the  loss  for  panel  no.  18  (MOR  loss,  table 
)  was  nearly  significant. 


The  poor  performance  after  AA  of  panels  made 
rem  formaldehyde  and  sulfur  dioxide  treated 
afers  (No.  5,  fig.  3)  may  be  due  to  cross-linked 
ormaldehyde  occupying  a  large  number  of  pre- 
iously  available  hydroxyl  sites  for  resin 
ending,  thus  reducing  the  bonding  ability  of 
esin  to  cellulose.  The  loss  of  MOR  shown  by 
anels  made  of  wafers  sprayed  with  CCA  mixed  in 

wax  emulsion  (No.  7,  MOR  loss,  table  3)  is 
ossibly  pH  related.  The  extremely  low  treating 
olution  pH  for  this  panel  type  could  cause  either 

retarding  or  accelerating  effect  on  resin  cure 
Wake  1976).  In  either  case,  limited  bonding  or 
ire-curing  could  occur.  To  illustrate  this  point, 
■otice  the  values  for  another  panel  type  (No.  6, 
pR  loss,  table  3  and  fig.  3).  This  preservative 
treatment  is  the  same  one  used  for  a  similar 
anel  type  (No.  18,  MOR  loss,  table  3  and  fig.  4), 

difference  being  that  the  preservative  was 
nxed  with  wax,  and  powdered  rein  was  used  in- 
itead  of  liquid  resin.  The  fact  that  different 
esins  were  used  may  be  the  primary  reason  for 
phe  different  MORs.  One  of  the  dip  treated 
anel  types  (No.  3,  MOR  loss,  table  3)  showed 
he  least  percent  loss  of  MOR  from  AA. 


When  unaged  MORs  of  liquid  resin-bonded 
fljanels  are  compared,  there  are  no  significant 

iferences  among  treatments.  Likewise,  when  aged 
ii  jliquid  resin-bonded  panels  are  compared  in  a 
!*!  Similar  manner,  no  significant  differences  in 

lOR  are  found. 
itJ 
f 

Internal  Bond 

Determining  the  IB  of  aged  material  was  not 
feasible  because  of  visible  shear  failure  in  the 
«  tore  of  some  panel  types  (Nos.  5,  7,  11,  14-18, 
"■  (table  2)  during  the  static  bending  testing.  The 
;'  'results  of  unaged  IB  tests  are  given  for  the 
•  ipowdered  and  liquid  resin-bonded  panels  in 


figures  5  and  6,  respectively,  and  table  3.  The 
COVs  for  unaged  untreated  panels  bonded  with 
powdered  and  liquid  resins  are  16.6  percent  and 
10.4  percent,  respectively.  Panels  made  from 
formaldehyde  and  sulfur  dioxide  treated  wafers 
and  ACA  pressure-treated  panels  (Nos.  5,  9, 
control  IB,  table  3)  did  not  meet  the  minimum  IB 
requirement  of  50  psi  (345  kPa)  IB  specified  by 
the  ANSI  standard  (National  Particleboard  Asso- 
ciation 1979).  The  only  statistically  signifi- 
cant difference  for  powdered  resin-bonded  panels 
(Nos.  1-11,  fig.  5)  is  between  the  highest  and 
lowest  IBs,  i.e,  panel  types  Nos.  4  and  9  (fig. 
5).  However,  it  is  obvious  that  the  panel  type 
made  from  formaldehyde  and  sulfur  dioxide  treated 
wafers  (No.  5,  fig.  5)  also  is  suspect.  When 
making  these  comparisons, it  should  be  remembered 
that  the  pressure  treated  panels  (Nos.  8,  9,  fig. 
5)  contained  an  additional  1  percent  resin  solids 
to  minimize  irreversible  thickness  swelling  and 
subsequent  loss  of  IB. 

Also,  it  was  determined  statistically  that 
two  of  the  liquid  resin-bonded  panels  types,  each 
one  containing  a  different  preservative,  one 
applied  at  0.71  times  the  manufacturer's  recom- 
mended rate  and  the  other  at  1.4  times  the 
manufacturer's  recommended  rate,  (Nos.  13  and  16, 
fig.  6,  respectively),  had  significantly  higher 
IBs  than  another  liquid  resin-bonded  panel  type 
containing  a  third  preservative  applied  at  1.4 
times  its  manufacturer's  recommended  rate  (No. 
18,  fig.  6).  The  preservative  applied  at  0.71 
times  its  manufacturer's  recommended  rate  (No. 
13,  fig.  6)  also  was  applied  at  1.4  times  its 
recommended  rate,  but  this  level  caused  core 
delaminations  upon  hot  press  opening  and  there- 
fore was  not  included  in  table  2. 


Irreversible  Thickness  Swelling 

Because  much  irreversible  thickness  swelling 
occurred  during  pressure  treating,  panels  which 
were  pressure-treated  (Nos.  8  and  9,  fig.  7) 
swelled  the  least  from  AA  exposure.  These  panel 
types  were  equal  statistically,  and  had  signifi- 
cantly less  swelling  than  some  other  powdered 
resin-bonded  panel  types  (Nos.  1,2,5,7,  fig.  7). 
It  also  can  be  stated  that  panels  made  from 
formaldehyde  and  sulfur  dioxide  treated  wafers 
(No.  5,  fig.  7)  were  statistically  equivalent  to 
panels  from  wafers  sprayed  with  CCA  mixed  in  a 
wax  emulsion  (No.  7,  fig.  7)  and  those  which 
received  no  preservative  treatment  or  those  which 
received  one  of  the  dip  treatments  (Nos.  1,  2, 
fig.  7).  The  COVs  of  irreversible  thickness 
swelling  after  AA  for  untreated  powdered  and 
liquid  resin-bonding  panels  were  10.6  percent 
and  16.7  percent,  respectively.  No  statistically 
significant  differences  in  irreversible  thickness 
swelling  were  found  between  any  of  the  different 
board  types  bonded  with  liquid  resin  (Nos.  12-18, 
fig.  8). 

SUMMARY 

All  panel  types  met  the  American  National 
Standard  (ANSI  A208. 1-1979)  static  bending 
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requirements  of  450,000  psi  (3,103  MPa)  modulus 
of  elasticity  (MOE)  and  2,500  psi  (17.2  MPa) 
modulus  of  rupture  (MOR)  for  mat-formed,  grade 
2-MW  wood  particleboard  (National  Particleboard 
Association  1979).  However,  the  panel  type  manu- 
factured from  wafers  pretreated  with  formaldehyde 
and  sulfur  dioxide  (No.  5,  table  2)  did  not  meet 
this  standard's  minimum  requirement  of  1,250  psi 
(8.6  MPa)  modulus  of  rupture  after  ASTM  D  1037- 
78  accelerated  aging  (American  Society  for  Test- 
ing and  Materials  1981).  The  panel  type  from 
wafers  pretreated  with  formaldehyde  and  sulfur 
dioxide  (No.  5,  table  2)  and  the  panel  type  that 
was  pressure  treated  after  panel  manufacture 
with  ammoniacal  copper  arsenate  (No.  9,  table  2) 
failed  to  meet  the  minimum  requirement  of  50  psi 
(345  kPa)  internal  bond  specified  by  the  stand- 
ard (National  Particleboard  Association  1979). 
Panel  types  pressure  treated  with  chromated  cop- 
per arsenate  (No.  8,  table  2)  and  ammoniacal 
copper  arsenate  (No.  9,  table  2)  swelled  in 
thickness  during  treating  such  that  subsequent 
accelerated  aging  (American  Society  for  Testing 
and  Materials  1981)  caused  less  than  1  percent 
irreversible  thickness  swelling.  The  panel  type 
from  wafers  pretreated  with  formaldehyde  and 
sulfur  dioxide  (No.  5,  table  2)  was  statistically 
equivalent  to  the  panel  type  containing  chromated 
copper  arsenate  that  was  applied  as  a  mixture 
with  a  wax  emulsion  during  furnish  preparation 
(No.  7,  table  2),  the  untreated  panel  type  (No.  1, 
table  2)  and  the  panel  type  whose  finished  panels 
were  dip  treated  with  a  copper-8-quinol inolate 
solution  (No.  2,  table  2).  There  were  no  statis- 
tically significant  differences  in  irreversible 
thickness  swelling  between  any  of  the  panel  types 
bonded  with  liquid  resin  (Nos.  12-18,  table  2). 


LITERATURE  CITED 

American  Society  for  Testing  and  Materials 
1981.  Standard  methods  of  evaluating  the 
properties  of  wood-base  fiber  and  particle 
panel  materials.  ASTM  D  1037-78.  Phila- 
delphia, PA. 
American  Wood  Preservers  Association,  Book  of 
Standards 

1981.  Standard  wet  ashing  procedure  for  pre- 
paring wood  for  chemical  analysis.  A7-75. 
Bethesda,  MD. 
American  Wood  Preservers  Association,  Book  of 
Standards 

1981.  Standard  methods  for  analysis  of  water- 
borne  preservatives  and  f ire-retardant 
formulations.  A2-78.  Bethesda,  MD. 
Anonymous 

1980.  Pentachlorophenol  in  log  homes  -  Ken- 
tucky. Morbidity  and  Mortality  Weekly 
Report,  HEW  publication  No.  (CDC)78-8017.29 
(9):431-432,  437. 
Becker,  G. 

1972.  Protection  of  wood  particleboard  against 
termites.  Wood  Sci.  and  Technol .  6(1972): 
239-248. 
Becker,  G. ,  and  M.  Gersonde 

1976.  Preservation  of  wood-based  panels 
against  fungi  and  insects  and  its  efficiency. 


Holzforsch.  und  Holzverwert.  26(1):12-15. 
Boggio,  K. ,  and  R.  Gertjejansen 

1982.  Influence  of  ACA  and  CCA  waterborne 
preservatives  on  the  properties  of  aspen 
waferboard.  Forest  Prod.  J.  32(3):22-26. 
Chow,  P. 

1979.  Phenol  adhesive  bonded  medium-density 
fiberboard  from  OMercus  rubra   L.  bark  and 
sawdust.  Wood  and  Fiber  ll(2):92-98. 
Deppe,  H-J. 

1970.  The  protection  of  sheet  materials 
against  water  and  decay.  J.  Inst,  of  Wood 
Sci.  5(3):41-45. 
Dewispelacre,  W. ,  J.  Van  Raemdonck,  and  M.  Ste  i 

1977.  Decay  resistance  of  wood  treated  for 
dimensional  stabilization  with  monomers  ani 
formaldehyde.  Material  und  Organismen. 
12(3):211-222. 

Hall,  H.  J.,  and  R.  0.  Gertjejansen 

1979.  Weatherabil ity  of  phenolic-bonded 
Ghanaian  hardwood  flakeboard  made  from  ACA-S 
treated  flakes.  Forest  Prod.  J.  29(12)  :34-i 

Hedley,  M.  E. 

1976.  Preservative  requirements  for  exterior" 
particleboard  predicted  from  accelerated 
laboratory  tests.  New  Zealand  J.  Forestry, 
Sci.  6(3):457-462. 

Huber,  H.  A. 

1958.  Preservation  of  particleboard  and  hare 
board  with  pentachlorophenol.  Forest  Prodj 
J.  8(12):357-360. 

National  Particleboard  Association 

1979.  American  National  Standard  (ANSI  A208,' 
1979).  Mat-formed  wood  particleboard.  Si' 
ver  Spring,  MD. 

Neusser,  H.,  and  C.  Schedl 

1970.  Verhalten  von  einigen  span-  und  faser- 
plattentypen  gegenuber  pilzen  (Resistance  c 
some  types  of  particleboard  and  fiberboard  i 
to  fungi).  Holzforsch.  und  Holzverwert. 
22(2):24-40. 

Schmidt,  E.  L.,  D.  W.  French,  R.  0.  Gertjejanse 

J.  Hermann,  and  H.  Hall 

1978.  Strength  reduction  in  particleboard 
caused  by  fungi.  Forest  Prod.  J.  28(2) :26- 

Snedecor,  G. ,  and  W.  Cochran 

1967.  Statistical  Methods,  6th  Edition,  The 
Iowa  State  Univ.  Press,  Ames,  lA,  p.  273-2/ 
Stamm,  A.  J. 

1959.  Dimensional  stabilization  of  wood  by 
thermal  reactions  and  formaldehyde  cross- 
linking.  TAPPI  42(l):39-44. 

Stevens,  M.,  J.  Schalck,  and  J.  Van  Raemdonck 

1979.  Chemical  modification  of  wood  by  vapou 
phase  treatment  with  formaldehyde  and  sulph 
dioxide.  The  International  J.  Wood  Preser- 
vation l(2):57-68. 

Wake,  W.  C. 

1976.  Adhesion  and  the  formulation  of  adhe- 
sives.  Applied  Sci.  Publ .  Ltd.,  London, 
England,  p.  194-198. 


148 


2-15, 


ible  1 .--Selected  preservatives  for  the  treatment  of  aspen  waferboard 


Ammoniacal  copper  arsenate  (ACA):  Chemonite,  J.  H.  Baxter  and  Co.,  1700  South  El  Camino  Real,  San 
Mateo,  CA  94402. 

Chromated  copper  arsenate  (CCA):  K-33-C,  Osmose,  980  Ellicott  Street,  Buffalo,  NY  14209. 

Chloronaphthalene  and  tributyl tinoxide:  Basileum  SP  70,  Desowag-Bayer  Holzschutz  GmbH,  Ross-Strasse 
76,  D-4000  Dusseldorf  30,  Federal  Republic  of  Germany. 

Fluorine  and  copper  compounds:  Wolmanit  CIO,  Dr.  Wolman  Gmbh,   Postfach  1160,  7573  Sinzheim,  Federal 
Republic  of  Germany. 

2-(thiocyanomethylthio)  benzothiazole:  Busan  30,  Buckman  Laboratories ,  Inc.,  Memphis,  TN  38108. 

CIS-N-[(1 ,1 ,2,2-tetrachloroethyl )thio]-4-cyclohexcne-l ,2-dicarboximide:  Difolatan,  Chevron  Chemical 
Co.,  575  Market  Street,  San  Francisco,  CA  94105. 

Sequential  treatment  with  formaldehyde  and  sulfur  dioxide  gases. 

Copper-8-quinolinolate:  PQ-675,  Chapman  Chemical  Co.,  P.  0.  Box  9158,  Memphis,  TN  38109. 

3-iodo-2-propynyl  butyl  carbamate:  water  base  Woodlife,  Roberts  Consolidated  Industries,  600  North 
Baldwin  Park  Boulevard,  City  of  Industry,  CA  91749. 


able  2. --Aspen  waferboard  panel  types 


No  treatment,  powdered  resin,  3  percent  resin  solids. 

Dip  treatment  of  finished  panel,  copper-8-quinol inolate,  0.03%  solids  retention,  powdered  resin,  3% 
resin  solids. 

Dip  treatment  of  finished  panel,  3-iodo-2-propynyl  butyl  carbamate,  0.03%  solids  retention,  powdered 
resin,  3%  resin  solids. 


Preservative  mixed  with  resin  and  applied  during  furnish  preparation,  CIS-N-[(1,1 ,2,2-tetrachloroethyl ) 
thio]-4-cyclohexane-l ,  2-dicarboximide,  0.25%  active  solids  retentions,  powdered  resin,  3%  resin 
sol  ids. 

Pretreatment  of  wafers  with  gaseous  formaldehyde  and  sulfur  dioxide,  approximate  1%  net  weight  gain, 
powdered  resin,  3%  resin  solids. 

Preservative  mixed  with  wax  emulsion  and  applied  during  furnish  preparation,  aqueous  copper  and  fluo- 
rine mixture,  0.98%  active  solids  retention,  powdered  resin,  3%  resin  solids. 

Preservative  mixed  with  wax  emulsion  and  applied  during  furnish  preparation,  chromated  copper  arsenate, 
0.98%  active  solids  (0,40  pcf  equivalent)  retention,  powdered  resin,  3%  resin  solids. 

Pressure  treatment  of  finished  panel,  chromated  copper  arsenate,  0.62  pcf  active  solids  retention 
determined  by  assay,  powdered  resin,  4%  resin  solids. 

Pressure  treatment  of  finished  panel,  ammoniacal  copper  arsenate,  0.57  pcf  active  solids  retention 
determined  by  assay,  powdered  resin,  4%  resin  solids. 

Preservative  mixed  with  wax  emulsion  and  applied  during  furnish  preparation,  ammoniacal  copper 
arsenite,  0.61%  active  solids  (0.25  pcf  equivalent)  retention,  powdered  resin,  3%  resin  solids. 

Pretreatment  of  wafers  with  ammoniacal  copper  arsenate,  0.98%  active  solids  (0.40  pcf  equivalent) 
retention,  powdered  resin,  3%  resin  solids. 

No  treatment,  liquid  resin,  1%  resin  solids. 

3.  Preservative  mixed  with  resin  and  applied  during  furnish  preparation,  2-(thiocyanomethylthio)benzo- 
thiazole,  0.11%  active  solids  retention,  liquid  resin,  3%  resin  solids. 

4.  Preservative  mixed  with  resin  and  applied  during  furnish  preparation,  2-(thiocyanomethyl thio)benzo- 
thiazole,  0.15%  active  solids  retention,  liquid  resin,  3%  resin  solids. 

5.  Preservative  mixed  with  resin  and  applied  during  furnish  preparation,  monochloronaphthalene  and  tri- 
butyltinoxide,  1.0%  stock  solution,  liquid  resin,  3%  resin  solids. 

6.  Preservative  mixed  with  resin  and  applied  during  furnish  preparation,  monochloronaphthalene  and  tri- 
butyltinoxide,  1.4%  stock  solution,  liquid  resin,  3%  resin  solids. 
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Table  2,  continued 
17. 


li 


Preservative  mixed  with  resin  and  applied  during  furnish  preparation,  aqueous  copper  and  fluorine 

mixture,  0.70%  active  solids  retention,  liquid  resin,  3%  resin  solids. 

Preservative  mixed  with  resin  and  applied  during  furnish  preparation,  aqueous  copper  and  fluorine 

mixture,  0.98%  active  solids  retention,  liquid  resin,  3%  resin  solids. 


Table  3. --Physical  and  mechanical  properties  at  equilibrium  with  72°F  (22  C)  and  50%  relative  humidity 
(control  environment)  of  untreated  and  treated  aspen  waferboard  before  and  after  accelerated  aging 


Panel]  i 
Type  — 

Densltyi''.^^ 
(pcf)(kg/m3) 

Control 
EMC -2^ 

Cont 
MOR 

fr\j 

w^HA' 

MOR -5/ 
loss 

Control 
M0E^.-=-' 

„o.^'.i-' 

Control 

ibI/ 

(%) 

(psl) 

(MPa) 

ipsi) 

(MPa) 

(%) 

(Xl0\(MPa) 
Ssi 

(Xl03) 
'psi 

(MPa) 

(psi)(kPa) 

1 

42.3 

678 

6.0 

A310 

29.7 

3550 

2A.5 

18 

788.6  5A37 

711.0 

4902 

78 

538 

23.2 

2 

A3. A 

696 

6.9 

A290 

29.6 

3200 

22.1 

26 

775.9  5350 

711.6 

4906 

65 

448 

24.0 

3 

A2.3 

678 

6.2 

37A0 

25.8 

3A70 

23.9 

7 

710.0  A896 

713.5 

4920 

68 

469 

13. A 

A 

A2.5 

681 

5.9 

A810 

33.2 

3A20 

23.6 

29 

8AA.5  5823 

662.0 

4564 

81 

558 

7.4 

5 

A3.1 

691 

5.8 

2960 

20. A 

730 

5.0 

75 

775.0  53AA 

272.0 

1875 

45 

310 

38.7 

6 

A3. 9 

70A 

5.7 

5A20 

37. A 

3990 

27.5 

26 

902.9  6226 

727.5 

5016 

79 

545 

6.0 

7 

AA.5 

713 

5.8 

A270 

29. A 

17A0 

12.0 

59 

852.2  5876 

660.0 

4551 

62 

427 

44. 8 

8 

39.3 

630 

7.6 

3270 

22.5 

2650 

18.3 

19 

587.0  A0A7 

535.9 

3695 

53 

365 

0.7 

9 

37.9 

607 

8.1 

3150 

21.7 

2310 

15.9 

27 

571.0  3937 

50A.7 

3480 

44 

303 

0.6 

10 

A3. A 

696 

5.9 

AlAO 

28.5 

3530 

2A.3 

15 

806.9  556A 

695.1 

4793 

65 

448 

8.0 

11 

A2.3 

678 

6.0 

3900 

26.9 

2370 

16.3 

39 

801.7  5528 

597.3 

4118 

50 

345 

11.8 

12 

A3. 2 

692 

6.2 

A600 

31.7 

3500 

24. 1 

2A 

778.3  5366 

736.1 

5075 

66 

455 

27.8 

13 

A2.7 

68A 

6.0 

AAIO 

30. A 

3790 

26.1 

lA 

790.3  5AA9 

739. A 

5098 

70 

483 

28.2 

U 

A3. 2 

692 

6.1 

A350 

30.0 

3330 

23.0 

2A 

7A5.7  5142 

724.4 

4995 

67 

462 

31.2 

15 

A3. 2 

692 

6.2 

3970 

27. A 

35A0 

2A.A 

11 

761.5  5250 

759.6 

5237 

65 

448 

31.4 

16 

A3. 9 

70A 

6.0 

3890 

26.8 

3260 

22.5 

16 

773.1  5330 

730.1 

5034 

72 

496 

29.7 

17 

AA.l 

707 

6.2 

A330 

29.9 

2A50 

16.9 

AA 

830.3  5725 

699.4 

4822 

62 

427 

36.5 

18 

A2.8 

686 

6.2 

AlAO 

28.5 

2350 

16.2 

A3 

763.5  526A 

686. S 

4736 

51 

352 

36.2 

—  The  panel  types  are  described  in  Table  2. 

2/ 

—  Values  are  the  average  of  3  specimens. 

—  Based  on  equilibrated  thickness  after  preservative  treating  before  accelerated  aging. 

—  Based  on  equilibrated  thickness  after  preservative  treating. 

—  Based  on  test  values,  not  the  minimum  property  requirement  of  ANSI  A208.1  -  1979. 

6/ 

—  Values  are  the  average  of  9  specimens. 

—  Irreversible  thickness  swelling  (ITS)  is  the  difference  between  equilibrated  thickness 

after  accelerated  aging  and  initial  equilibrated  thickness  as  a  percent  of  initial  equilibrated  thickness. 
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igure  1. --Modulus  of  elasticity  of  powdered 
phenolic  resin  bonded  waferboard  before  Q 
and  after  B  ASTM  accelerated  aging. 
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igure  3. --Modulus  of  rupture  of  powdered  pheno- 
lic resin  bonded  waferboard  before  Q  and 
after  ■  ASTM  accelerated  aging. 
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Figure  2. --Modulus  of  elasticity  of  liquid 
phenolic  resin  bonded  waferboard  before  Q 
and  after  ■  ASTM  accelerated  aging. 
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Figure  4. --Modulus  of  rupture  of  liquid  phenolic 
resin  bonded  waferboard  bef ore  D  and  after  ■ 
ASTM  accelerated  aging. 


151 


IB 
(PSD 


100 


7    8 


FUNGAL  AND  INSECT 


TYPE  OF  PROTECTION 


IB 

(KPA) 
1  639,5 


551.1 


10   11 


113.7 


275.8 


137.9 


IB 
(PSD 

IB 

(kpa; 

100 

-  f 

80 

■ 

-  5 

60 

■ 

-  1 

10 

-  2 

20 

-  1 

12 

13 

m 

15 

16 

17 

18 

NO 

FUNGAL 

FUNGAL  AND 

INSECT 

TYPE  OF  PROTECTION 


Figure  5. --Internal  bond  of  powdere(d  phenolic 
resin  bonded  waferboard. 


Figure  6. --Internal  bond  of  liquid  phenolic  re 
bonded  waferboard. 
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Figure  7. --Irreversible  thickness  swelling  of 
powdered  phenolic  resin  bonded  waferboard  after 
ASTM  accelerated  aging. 
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Figure  8. --Irreversible  thickness  swelling  of 
liquid  phenolic  resin  bonded  waferboard  after 
ASTM  accelerated  aging. 


EVALUATION  OF  PRESERVATIVE  EFFECTS  ON  MECHANICAL 
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PROPERTIES  AND  BIODURABILITY  OF  ASPEN  WAFERBOAR[>^' 
E.  L.  Schmidt,  H.  J.  Hall,  and  R.  0.  Gertjejansen-^ 


Abstract.--  Experimental  aspen  waferboards,  bonded  with 
liquid  or  powdered  phenol  formaldehyde  renins  and  treated  by 
various  methods  with  a  wide  selection  of  preservatives,  were 
tested  for  fungal  resistance  in  accelerated  laboratory  trials. 
Mold  growth  on  the  surface  as  well  as  weight  and  strength 
losses  due  to  the  action  of  decay  fungi  were  determined.  Test- 
ing of  board  strength  after  decay  in  high  and  moderate-hazard 
exposure  conditions  required  modification  of  decay  tests  used 
for  solid  wood.  A  range  of  protection  was  noted  with  no  pre- 
servative system  exceeding  the  efficacy  of  the  inorganic  salt 
formulations.  Averaged  over  all  treatments,  strength  loss  and 
weight  loss  are  well  correlated. 


crt 


INTRODUCTION 


Waferboard  may  become  increasingly  important 
a  structural  panel  product  for  residential  and 
cJTimercial  construction.  Canada  has  several 
i^ferboard  plants,  and  there  presently  are  sev- 
fial  in  production  in  the  United  States.  However, 
nre  waferboard/flakeboard/oriented  strandboard 
ifpe  plants  may  be  built  in  the  very   near  future, 
fbjected  demand  for  aspen  waferboard  includes 
ny  applications  where  durability  against  mois- 
re  and  the  deleterious  effects  of  fungi  and 
sects  are  necessary.  Construction  practices, 
tjints,  or  sizings  used  to  minimize  moisture 
ijoblems  must  be  strictly  maintained  in  service 
1  effectively  prevent  damage  by  biological 
ents,  and  therefore  cannot  be  completely  relied 
!on  as  permanent  protection.  In  addition,  decay 

any  portion  of  a  structural  sheet  of  wafer- 
lard  would  involve  high  replacement  costs  (Hann 
al .  1962).  Therefore,  the  evaluation  of  aspen 
ferboard  treated  with  various  preservatives  in 
th  laboratory  and  field  tests  is  important  in 
sessing  the  potential  service  life  of  wafer- 
liard  in  high-risk  or  occasional-risk  uses, 
'ferboard  and  flakeboard  with  decay  and  mold 
sistance  would  have  potential  application  in 
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numerous  uses  such  as  sheathing  or  subflooring  in 
mobile  homes  and  recreational  vehicles,  and  con- 
struction of  ice-fishing  shelters.  Treated  wafer- 
board  would  also  find  use  in  certain  watercraft 
components  and  for  some  exterior  uses  within  the 
United  States.  For  example,  in  Puerto  Rico  1/4" 
Canadian  waferboard  is  being  pressure  treated 
with  CCA  and  used  for  interior  wall  partititions. 
Although  studies  have  evaluated  the  weatherabil- 
ity  and  1-year  exposure  durability  of  flakeboards 
made  from  ACA-treated  Ghanian  hardwood  flakes 
(Hall  and  Gertjejansen  1979,  and  Laudrie  et  al . 
1979).  Additional  information  on  other  treatments 
is  wanting. 

A  previous  report  evaluated  the  effects  of 
several  preservatives,  2  resin  types,  and  various 
treating  methods  on  the  mechanical  and  thickness 
swelling  properties  of  aspen  waferboard  (Hall 
et  al .  1982).  Utilizing  some  of  the  same  materi- 
al, laboratory  biodeterioration  and  concurrent 
strength  losses  were  analyzed  and  reported  in 
this  report. 


MATERIALS  AND  METHODS 

Soil  block  testing  (ASTM  1413)  is  a  commonly 
accepted  U.S.  standard  test  that  would  subject 
waferboard  to  a  decay  hazard  more  severe  than 
would  be  encountered  in  most  service  situations. 
However,  the  test  is  beneficial  in  assessing  the 
comparative  performances  among  candidate 
preservatives  with  a  reasonable  expenditure  of 
time  and  materials.  The  test  method  uses  weight 
loss  of  treated  samples  for  primary  evaluation, 
but,  as  has  been  stressed  by  leading  foreign 
workers  in  particleboard  deterioration  (Becker 
and  Deppe  1970,  Griffioen  1969,  Kerner-Gang  and 
Becker  1968),  evaluations  based  on  reduction  of 
strength  properties  are  more  germane  to  waferboard 's 
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intended  structural  use.  Therefore,  both  weight 
loss  and  a  crushing  test  that  reflects  the 
internal  bond  strength  were  determined  for  con- 
trol and  weathered  samples.  In  addition,  control 
and  weathered  bending  samples  were  exposed  in 
large  soil -pan  vessels  to  pure  cultures  of  decay 
fungi.  Previous  results  employing  this  method 
have  indicated  that  significant  strength  reduc- 
tions may  occur  even  in  treated  particleboard 
exposed  to  actively  growing  fungi  (Schmidt  et 
al.  1978). 

For  evaluation  of  the  lesser  decay  hazard  in 
above-ground  use  of  treated  waferboard, 
a  non-soil  test  ('contact  block  test')  based  on 
procedures  of  Behr  (1977,  1978)  was  selected. 
The  test  was  designed  to  simulate,  in  the  labo- 
ratory, the  resistance  of  treated  materials  to 
decay  in  above-ground  service  situations 
(i.e.,  no  soil).  The  ability  of  a  decay  fungus 
which  is  well  established  on  untreated  wood,  to 
spread  to  a  treated  piece  of  board  in  direct 
contact  should  reflect  efficacy  of  a  preservative 
to  prevent  decay  in  a  wet  environment  out  of 
soil  contact. 

Phenolic  bonded  particleboards  that  have 
failed  in  wet  service  conditions  are  often 
heavily  invaded  by  fungi  similar  to  those 
causing  stain  in  lumber.  Treated  panel  materials 
used  in  damp  conditions  may  suffer  paint  failure 
or  develop  surface  molding  which  can  cause  odor 
and  allergy  problems.  Therefore,  any  proposed 
commercial  treatment  for  waferboard  should  in- 
clude evaluation  of  the  stain  and  mold  resist- 
ance on  control  and  weathered  samples. 

Squares  of  treated  waferboard  (2"  wide)  were 
surface  disinfested  by  a  2-second  dip  in  boiling 
water,  dipped  in  spore  suspensions  of  test  fungi, 
and  suspended  over  water  in  sealed  glass  jars. 
After  six  weeks  of  incubation,  samples  were  re- 
moved and  rated  for  fungal  overgrowth  on  the 
faces  (0  =  no  growth;  1  =  trace;  2  =  6-20%; 
3  =  21-50%;  4  =  51-80%;  5  =  81-100%  overgrowth). 


RESULTS 

Mold  and  Stain 

Penioillun   sp.  was  inhibited  (i.e.,  the  ob- 
vious area  of  sample  overgrowth  remained  less 
than  20%  or  rate  2  on  the  fungus  rating  scale) 
on  control  (i.e.,  nonleached)  samples  dipped  in 
surface-treatments  7  and  8,  or  treated  in  some 
fashion  by  ACA  or  CCA  (with  the  notable  except- 
ion of  the  CCA/wax  treatment  13)  (fig.  1).  The 
TBTO  treatments  (15,  16)  outperformed  the  Cu/Fl 
additions  (17,  18).  Although  the  accelerated 
aging  process  decreased  the  efficacy  of  the 
surface  dip  treatments,  certain  inorganic  salt 
treatments  (10,  11,  14)  and  the  higher  TBTO 
loading  (15)  retained  mold  inhibition. 

The  Cladosporium   sp.  (previously  isolated 
from  molded  CCA-treated  lumber)  \;as  not  con- 
trolled by  any  of  the  treatments  on  leached 
(acclerated  aged)  materials. 


Stain  caused  by  Aureobasidivm  pullulans   1 
is  commonly  encountered  on  weather-exposed  woe 
was  controlled  by  treatments  5,  6,  7,  8,  10,  1 
12,  and  13  on  non-aged  samples.  Interestingly 
the  development  of  this  fungus  on  aged  materia 
made  from  powdered  resin  was  consistently,  anc |i 
2  cases  (1,  14)  dramatically,  lower  than  on  be  is 
made  from  liquid  resins  or  on  non-aged  control 
One  possible  explanation  is  the  heat  and  moist 
cycles  associated  with  aging  may  condense  some 
free  phenols  that  are  effective  in  preventing 
fungus  growth  on  the  surface.  And  this  proces 
occurs  to  a  greater  degree  in  boards  made  froir 
powdered  resin  than  from  liquid  resin.  Also,  | 
free  fungicidal  phenols  may  be  redistributed  t 
the  sample  surface  during  drying  to  a  greater 
degree  with  powdered  resin  systems. 

Contact  Block 

Gloeophyllum  trabeum,    the  fungus  frequent 
responsible  for  decay  in  wood  members  not  in  gi  :}ncl 
contact,  decayed  all  samples  except  treatments  ii 
18,  to  levels  similar  to  the  untreated  control  ' 
(fig.  2).  The  dip-treated  samples  (7,  8)  as  w 
as  those  containing  TBTO  (15,  16)  decayed  to  a 
greater  degree  after  accelerated  aging.  Poria 
placenta   decay  of  samples  in  this  test  closely 
matched  that  of  G.    trabeum  with  the  exception  •■ 
untreated  board  made  with  liquid  resin  (2)  and 
those  containing  TCMTB  (3,  4),  which  were     j. 
substantially  more  susceptible  to  G.    trabeum.      \ 


With  many  aboveground  uses  envisioned  for' 
treated  waferboard,  the  results  of  this  test  mn 
better  predict  the  performance  of  the  preserve 
tives  than  do  the  more  severe  decay  tests  (soi 
block,  soil-pan)  in  which  untreated  susceptibl 
materials  are  more  severely  decayed. 


Soil  Block/Edge  Crushing  Strength 

Instead  of  the  3/4-inch  cubes  recommended 
ASTM  D  1413,  1-1/2-inch  square  sample  blocks  wi 
incubated  in  16-ounce  vessels.  After  weight  li 
determinations,  the  blocks  were  crushed  on  edge  t 
a  load  rate  of  0.05-in/min.  The  proportional  lir 
(PL)  was  obtained  for  the  incubated  blocks  and 
compared  to  previously  wetted,  but  sterile,  cor 
trol  samples  containing  the  same  preservative 
treatment.  The  edge  crushing  test  method  has 
been  used  to  assess  decay  in  solid  wood  (Toole 
1969,  1971),  and  to  study  internal  strength  of 
non-decayed,  preservative  free  particleboard 
(Kufner  1975).  It  was  employed  in  this  study  • 
detect  preservatives  which  might  protect  the  w( 
in  waferboard  from  decay  during  fungus  testing 
(i.e.,  little  or  no  weight  loss),  but  result  ii 
large  reductions  in  wood-glue  bond  strength.  ( 
parison  of  PL  obtained  in  the  test  with  interni 
bond  (IB)  values  in  commercial  aspen  waferboan 
has  shown  a  good  correlation  (r^  =  .7,  Hall- 
unpublished).  Therefore,  the  test  can  yield 
similar  results  of  an  IB  evaluation  without  thf 
face  degradation  from  fungus  impeding  the  gluir 
of  an  IB  specimen. 


154 


Considering  both  brown  rot  fungi   results 
3),  the  susceptible  aspen  waferboard  (treat- 
;  1   and  2)  was  made  resistant  to  decay   (i.e., 

weight  loss)   by  treatments  10-18.         Upon 
)  ('A'   extension  line  or  side-line  tab  on  hist- 
n)  protection  level   was  lowered  insignificantly 
18  ACA,  CCA  samples   (10-14),   but  weight  loss 
;cay  significantly  increased  in  other  treat- 
resin  combinations--notably  treatments  15  and 
ith  TBTO. 


Iter! 


i?st 


Overall  regressions  and  correlations  between 
;ntage  weight  loss  and  reduction  in  PL  were 
calculated  (table  1).  As  evidenced  by  the 
correlation  coefficients,  the  relationships 
;en  weight  loss  and  reduction  in  PL  conformed 
to  the  linear  curves.  In  fact,  the  lowest 
jlation  coefficient  (0.82)  found  in  the  aged 
es  subjected  to  P.  placenta   would  be  con- 
ed a  good  relationship.  A  reason  for  this 
:ionship  to  have  a  lower  correlation  coeffi- 
was  PL  losses  of  aged  specimens  being  less 
unaged  specimens  in  treatments  5,  10,  11,  12, 
14,  and  18  (fig.  4).  The  PL  loss  is  a  result 
increased  cross-sectional  area  from  the 
thickness  swelling  component.  Based  on 
results,  the  brown  rot  fungi  reduced  the 
seljli^nal  strength  of  waferboard  (as  reflected  in 
trmination  of  PL  loss)  proportionately  to  their 
iity  to  decay  the  wood,  rather  than  destruction 
16  wood-glue  bond. 


ail  Pan  Decay  and  Static  Bending  Properties 


Waferboard  samples  cut  into  17"  long  static 
ing  strips  were  incubated  in  fungus  cultures 
i^^^n  on  soil  and  aspen  shavings  for  three  months. 
tiHijf.  equilibration,  weight  loss  modulus  of  rup- 
(MOR)  and  modulus  of  elasticity  (MOE)  were 
iiured.  Combination  of  these  data  will  assist 
;etecting  treatment  which  might  permit  sub- 
(tial  reductions  in  bending  properties  after 
',  small  weight  loss.  The  regression  equations 
''^'cassociated  correlation  coefficients  were  ob- 
5*|ed  for  a  weight  loss-MOR  relationship  (table 
*'■!  As  in  the  case  of  the  soil  block-edge  crushing 


'."Is,  high  correlation  coefficients  were  obtained 
I'llthe  data. 


Although  there  was  little  or  no  weight  loss 
ertain  treatments  (e.g.,  10-18  control  samples 
.  5),  MOR  losses  ranged  from  30-80%  (fig.  6). 
e  losses  could  be  due  to  the  organic  acids 
n-off  by  the  large  area  of  test  fungi  in  the 
propylene  trays.  Small  holes  commonly  found 
he  aluminum  foil  covers  after  three  months  of 
*  lation  were  presumably  created  by  acidic  con- 
i.ates.  The  hydrolytic  environment  might  have 
tMr  MOR  values  of  waferboard  strips  even  though 
'tie  weight  loss  occurs. 

Where  weight  losses  of  samples  exceeded  15% 
'■\.i   1-9),  resulting  MOR  reductions  ran  70%  or 
■i\.     Such  results  indicate  that  in  a  high  decay 
*iird  usage  of  structural  waferboard,  it  should 
"wll  protected  against  decay  (i.e.,  little  or 
weight  loss  permitted)  to  insure  continued 
:i;ngth  in  service. 


MOE  values  from  the  decay-treated  bending 
strips  reflect  the  decreases  due  to  decay  (e.g., 
1-9)  and  also  the  detrimental  effects  of  leaching 
(e.g.,  G.    trabeum-^S,   16)  (fig.  7). 


SUMMARY 

No  preservative  system  tested  surpassed  the 
ACA/CCA  group,  treatments  10-14,  in  fungus  pro- 
tection. The  CCA  added  to  wax  permitted  the 
greatest  fungal  attack  within  this  group  with  a 
maximum  13%  weight  loss  to  G.    trabevm   in  aged 
samples  in  the  soil  block  test.  Also,  mechanical 
propert'ies  of  this  CCA/wax  treatment  were  inferior 
to  other  methods  of  incorporation  (see  Hall  et.  al. 
1982).  In  terms  of  integrating  one  of  these  water- 
borne  salt  treatments  into  manufacture  of  treated 
waferboard,  the  addition  of  ACA  to  the  wax  emul- 
sion provides  excellent  fungus  protection  while 
minimizing  cost  increases  associated  with  a  sepa- 
rate treatment  operation  (e.  g.,  pretreating  or 
pressure  treating).  By  simply  venting  the  ro- 
tating drum  of  excess  ammonia  during  the  ACA/wax 
spray  addition,  pollution  problems  would  be  mini- 
mized. The  ACA  solution  permitted  addition  levels 
of  0.25  pcf  to  the  board  furnish  without  adding 
excess  water  which  would  require  redrying  of 
wafers.  Presumably,  work  with  ACA-wax  compati- 
bility systems  could  develop  formulations  permit- 
ting higher  loadings  (.4-. 5  pcf)  which  may  be  re- 
quired in  ground  contact  situations. 

In  terms  of  moderate  decay  protection  where 
the  leaching  hazard  would  be  occasional  (e.g., 
roof  decking)  the  TBTO  and  Cu/Fl  formulations, 
treatments  9,  15,  16,  17,  and  18,  performed  well 
in  the  contact  block  test.  The  Cu/Fl  was  some- 
what more  leach-resistant  than  the  TBTO,  and  the 
carrier  solvent  for  the  TBTO  did  have  a  noticeable 
odor  (even  after  three  months  in  testing)  which 
might  be  objectionable  in  human  habitats. 

The  surface  dip  treatments  (7  and  8)  did 
provide  some  mold  protection  and  reduced  decay  a 
small  amount  in  the  contact  block  test;  but,  this 
decay  protection  was  lost  upon  aging. 

The  formaldehyde/sulfur  dioxide  treatment, 
6,  did  not  protect  boards  from  the  brown  rot  fungi, 
and  had  deleterious  effects  on  the  water  resistant 
nature  of  the  phenol  formaldehyde  glue  (PF). 

The  TCMTB  treatments  3  and  4  offered  little 
protection  when  incorporated  into  PF  resin.  Poss- 
ibly the  protection  loss  was  due  to  the  pH  of  the 
resin  influencing  the  fungicidal  compound 
(Buckman  Labs  -  personal  communication). 

The  poor  performance  of  the  Difolatan,  treat- 
ment 5,  was  unexpected  based  on  proven  performance 
in  other  agricultural  applications.  However, 
since  the  chemical  has  failed  to  control  fungus 
stain  on  susceptible  hardwoods  such  as  sweetgum 
while  performing  well  on  pine,  the  wood  species 
may  be  a  critical  factor. 

The  untreated  boards  made  with  liquid  PF  resin 
were  generally  more  resistant  to  decay  than  those 
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made  from  powdered  resin,  but  upon  aging  or 
leaching,  no  difference  was  observed. 
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Table  1 .--Regression  equation  based  on  the 
soil/block/edge  crushing  tests 


Table  2. --Regression  equation  based  on  soil/f 
static  bending  tests 


Fungus  and 
condition 


Regression 
equation!/ 


Fungus  and 
condition 


Regression 
equatioal/ 


Glocophyllum  trabeum 
controls 

G.    trabeum 
aged 

Porta  placenta 
controls 

P.  placenta 

aged 


y  =  2x  -  1.8 
(r  =  .85) 

y  =  1.6x  +  10.9 
(r  =  .84) 

X  =  1.5x  +  13.4 
(r  =  .93) 

X  =  1.6x  -  3.2 
(r  =  .82) 


l_/y  =  %  PL  loss;  x  =  %  weight  loss 


Glycophyllum  trabeum 
controls 

G.    trabeum 
aged 

Porta  placenta 
controls 

P.   placenta 

aged 


2.4x  +  26. E: 
(r  =  .87) 

2.2x  +  19. c: 
(r  =  .93) 

3.9x  +  12.5 
(r  =  .92) 

2.1x  +  21.2 
(r  =  .84) 


l/\ 


%   MOR  loss;  x 


weight  loss 


Codes  for  Treatments  (Active  ingredients  and  details  on  concentrations  given  in  Table  2  of  Hall,  et  al 


1.  Untreated  -  Powdered  resin  (P) 

2.  Untreated  -  Liquid  resin  (L) 

3.  Busan  30  -  Low  level,  L 

4.  Busan  30  -  High  level,  L 

5.  Difolatan,  P 

6.  CH2O  +  SOg,  P 

7.  Troysan  Polyphase,  P 

8.  PQ  675,  P 

9.  Wolmanit  CIO,  high,  P 


10.  ACA,  pretreated  wafers,  P 

11.  ACA,  pressure  treated,  P 

12.  ACA,  w/wax,  P 

13.  CCA,  w/wax,  P 

14.  CCA,  pressure  treated,  P 

15.  Basileum  SP70,  high,  L 

16.  Basileum  SP70,  low,  L 

17.  Wolamnit  CIO,  low,  L 

18.  Wolmanit  CIO,  high,  L 
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igure  l.--Mold  test  of  treated  aspen  waferboard.  A,  B.  Penicillium   sp.,  C,  D.  Cladospovium   sp., 
E,  F.  Aureohasidium  pullulans. 
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Figure  2. --(A,  B).  Contact  block  test  of  treated  aspen  waferboard.  ('A'  -  extension  line  marks  weig 
loss  of  accelerated-aged  samples.) 
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Figure  3. --(A,  B).  Soil  block  test  (modified  ASTM  1413)  of  treated  aspen  waferboard.  ('A')  -  line  o 
tab  marks  weight  loss  of  accelerated-aged  samples.) 
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Figure  4. --(A,  B).  Loss  in  porportional  limit  (PL)  of  treated  aspen  waferboard  samples  crushed  on  ed 
after  soil-block  testing  as  compared  to  sterile,  wet  controls.  ('A'  indicates  loss  of  accelerated- 
aged  samples. ) 
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gure  5. --(A,  B).  Weight  loss  of  static-bending  samples  in  the  soil-pan  decay  test.  ('L'  -  line  on  tab 
indicates  sample  weight  loss  for  leached  replicates.) 
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igure  6. --(A,  B).  Modulus  of  rupture  (MOR)  loss  (as  compared  to  sterile,  wet  controls)  of  static 
bending  samples  after  soil -pan  decay  testing.  ('L'  -  line  or  tab  indicates  leached  sample  MOR  loss.) 
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Figure  7. --(A,  B,  C).  Modulus  of  elasticity  (MOEJ  of  static  bending  samples  after  soil-pan  decay 
testing.  (Control  samples  refer  to  wet  but  sterile  samples;  'L'  line  indicates  MOE  of  leached  sampll 
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DURABILITY  OF  COMPOSITE  WOOD  PRODUCTS- 
Roy  D.  Adams-'' 


1/ 


Abstract. --A  high  strength  aligned  wood  flake  material 
has  been  developed  and  used  to  fabricate  some  exterior  pro- 
ducts. Using  accelerated  weathering  tests  the  durability  of 
both  material  and  products  has  been  found  to  be  good.  Ac- 
ceptance of  the  products  will  require  extensive  field  and 
service  tests  which  are  proceeding. 


INTRODUCTION 

During  the  past  several  years  the  Institute  of 
Research  has  developed  a  number  of  composite 
products.  These  products  have  as  a  basis  a 
ibe  high  strength  composite  wood  material  (CWM). 
t)ugh  CWM  has  potential  in  many  structural  ap- 
iations  the  emphasis  to  date  has  been  placed  on 
trior  products  used  by  the  electric  utilities, 
vlopments  have  included  utility  poles  -  COMPOLES" 
C5arms  -  COMARMS'"  and  lighting  standards 
CHUTES'". 


Composite  Wood  Material 


Composite  wood  material  is 
d  material  comprised  of  alig 
es,  treated  with  chemicals 

against  biodeterioration  a 
g  a  water  resistant  adhesiv 
laldehyde  or  isocyanate.  Ma 
be  manipulated  to  suit  a  pa 
|ging  components  and/or  proc 
example,  resin  levels  of  8 
i^oven-dry  weight  of  the  wood 
eve  the  required  durability 
ies.  The  material  has  uniq 
ining  the  desirable  propert 

as  high  strength-to-weight 
heat  conductivity  and  high 
e  reducing  some  of  the  unde 
I  as  nonuniformity  of  proper 
n  deviation. 


an  engineered  man- 
ned elongated 
to  provide  protec- 
nd  bonded  together 
e,  such  as  phenol- 
terial  properties 
rticular  end  use  by 
essing  conditions, 
percent,  based  on 
,  have  been  used  to 

and  strength  pro- 
ue  characteristics, 
ies  of  solid  wood, 

ratio,  machinabil ity , 
electrical  resistance, 
sirable  properties, 
ties,  knots  and 


Composite  Wood  Products 

The  material  has  been  fabricated  into  various 
Jlf'igurations  depending  on  the  product.  Components 
r  bonded  together  using  water  resistant  resorcinol- 
Djnaldehyde  adhesive.  Two  of  these  configurations 
nl  given  in  figures  1  and  2  which  show  the  hollow 
c'agonal  COMPOLE"  and  the  hollow  section  of  the 
L.^RM™,  respectively. 


VPaper  presented  at  Workshop  on  Durability, 
^acola,  Florida,  October  5-7,  1982. 

2/Senior  Research  Scientist,  Institute  of 
cd  Research,  Michigan  Technological  University, 
(.ghton,  Michigan  49931 


Poles  have  been  produced  in  40  foot  lengths 
with  a  maximum  base  diameter  of  approximately  14 
inches  and  a  maximum  wall  thickness  of  three  inches. 
As  the  CWM  panels  were  one  inch  thick,  lamination 
was  required  for  production  of  the  prototype  poles. 
Crossarms  have  been  produced  with  a  3.75-by-4.75 
inch  cross  section  and  an  8  foot  length.  The 
design  of  the  COMPOLE'"  has  been  described  in  detail 
in  a  report  to  the  Electric  Power  Research  Institute 
(Adams  et  al  1981). 

The  products  discussed  are  exterior  products 
and  one  must  have  confidence  that  they  will  retain 
sufficient  strength  properties  for  the  anticipated 
service  life,  some  30  to  40  years.  Two  major 
factors  have  the  potential  to  reduce  the  service 
life,  weathering  and  biodeterioration.  The  product 
must  be  durable  against  both  of  these  factors.  How- 
ever, in  controlling  the  attack  by  biological 
organisms  it  is  important  that  adverse  effects  on 
material  strength  do  not  occur,  either  before  or 
after  weathering. 

It  is  impractical  to  wait  30  to  40  years 
before  introducing  such  products  into  the  market- 
place. Product  assurance  can  be  obtained  by  ac- 
celerated test  procedures  and  by  comparisons  with 
other  pi^oducts  or  material  known  to  have  this  life 
expectancy,  i.e.,  treated  solid  wood.  This  paper 
discusses  some  of  this  testing. 


ACCELERATED  WEATHERING 
OF  COMPOSITE  WOOD  MATERIAL 

Effect  of  Adhesive  Type 

A  critical  aspect  in  manipulating  CWM 
properties  is  the  use  of  an  adhesive  suitable  for 
extended  outdoor  exposure.  It  has  been  established 
that  phenol -formaldehyde  (PF)  resins  are   extremely 
durable  wood  adhesives  (Gillespie  and  River  1976). 
Consequently,  this  adhesive  was  initially  selected, 
as  a  prime  candidate  for  CWM.  The  literature  also 
indicated  that  isocyanate  adhesives  could  provide 
some  unique  properties  although  at  that  time  little 
work  had  been  done  on  their  use  as  wood  adhesives 
(Deppe  1977).  The  isocyanates  enhance  strength 
properties,  increase  moisture  resistance  and  can 
be  cured  at  lower  temperatures. 
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Materials  and  Procedures 

Early  in  the  development  of  CWM  two 
adhesive  types  were  used  extensively.  The  spe- 
cific adhesives  were: 

i)    PF  -  Borden  Cascophen  PB-65 
ii)    Isocyanate  -  Mobay  Mondur  E-441 

Small  specimen  strength  properties  of  CWM 
made  with  aspen  flakes  and  8  percent  resin  level 
were  found  at  three  sets  of  environmental  condi- 
tions. One  percent  wax  emulsion  was  sprayed  onto 
the  flakes  during  panel  production  to  improve 
durability.  Test  specimens  (12  x  2  x  0.5  inches) 
were  cut  from  the  panels  so  that  the  long  direc- 
tion was  parallel  to  the  flake  alignment.  These 
specimens  were  allowed  to  reach  equilibrium 
moisture  content  for  one  of  the  three  sets  of  con- 
ditions, and  were  then  tested  in  bending.  Average 
values  were  obtained  from  ten  replicates. 


Results  and  Discussion 

Both  bending  strength  (MOR)  and  EMC  had  a 
positive  correlation  with  density  and  therefore 
values  were  adjusted  to  a  nominal  density  of  40 
pcf.  These  values  are  given  in  table  1  which 
shows  that  the  isocyanate-bonded  material  is  ap- 
preciably stronger  than  phenolic-bonded  material 
under  the  same  environmental  conditions. 
This  strength  difference  increases  from  approxi- 
mately 20  percent  at  the  low  EMC  to  40  percent  at 
the  high. 


The  data  in  table  1  show  that  the  EMC  in  the 
isocyanate-bonded  CWM  is  lower  than  in  the  phen- 
olic, indicating  the  higher  moisture  resistance. 
This  difference  in  EMC  values  can  explain  part  of 
the  strength  difference  but  not  all,  thus  emphas- 
izing that  the  isocyanate  adhesive  gives  better 
bonding  at  the  same  adhesive  level.  It  was  also 
observed  during  this  experiment  that  the  isocyanate- 
bonded  material  absorbed  moisture  at  a  slower 
rate,  which  is  another  good  feature  for  exterior 
products. 


Effect  of  Preservatives 

In  the  introduction  it  was  mentioned  that  the 
inclusion  of  preservative  materials  is  necessary 
to  provide  protection  against  biological  organisms. 
All  of  the  currently  used  preservative  systems  in 
the  United  States  have  been  evaluated  as  potential 
CWM  preservatives.  These  are: 

Pentachlorophenol 

Creosote 

Chromated  Copper  Arsenate 

Ammoniacal  Copper  Arsenate 

Since  these  are  well  established  biocides  ,  the 
initial  criterion  used  to  determine  their  effec- 
tiveness in  the  composite  material  was  to  evaluate 
their  effect  on  bending  strength. 


Two  methods  of  preservative  application  \ 
been  considered.  These  are  1)  spraying  the  f 
servative  onto  the  flakes  before  adhesive  is 
applied,  and  2)  full  cell  pressure  treatment 
the  material  after  manufacture.  The  former  he 
been  IWR's  preferred  method.  This  allows  pres  da- 
tive to  be  sprayed  on  each  flake  providing  a  id 
uniform  and  complete  distribution  of  preservat i 
throughout  the  material.  If  the  material  is  di|( 
in  any  way  or  checks  occur,  then  only  treated  lie 
rial  is  exposed.  Pressure  treatment  does  not  |;;e 
this  distribution. 


Two  groups  of  data  are  discussed  in  this  1 
section.  The  first  group  was  generated  early  i 
development  of  CWM.  At  that  time  little  was  k 
about  the  effects  of  preservatives  on  initial 
strength  and  properties  after  weathering,  part 
larly  for  isocyanate-bonded  material.  This  st 
was  conducted  to  determine  if  preservatives  co 
be  incorporated  in  a  composite  wood  flake  mate 
without  detrimental  effects  on  properties.  Th 
second  group  was  taken  from  panels  which  were 
pared  to  supply  decay  stakes  for  in-ground  tes 
in  IWR's  Florida  and  Panama  test  plots. 


Materials  and  Procedures 

For  the  first  group,  three  panels  measuri  i 
18  x  18  X  0.5  inches  were  made  for  each  adhesi' ( 
and  preservative  combination.  The  panel  chara^ ' 
istics  and  processing  variables  were  as  follow 

•  Flakes 

--Species  -  aspen 

--Dimension  of  0.02  inch  thick  x  1.6  inch 

X  0.2  to  0.5  inch  wide 
--Moisture  content  into  press  -  10  percen 

•  Board  Properties 

--Nominal  density  of  40  pcf 
--Aligned  flakes 

•  Adhesives  -  as  before 

t  Dimensional  Stabilization  Agent 

--Wax  -  Borden  Cascowax  EW-403E,  one  percf  i 
by  weight  of  oven-dry  flakes 

•  Preservatives 

--Chromated  copper  arsenate  (CCA),  liquid 
concentrate,  aqueous  solution 

--Pentachlorophenol  (PCP) ,  methanol  solut" 

--Sodium  pentachlorophenate  (NaPCP),  aquec 
solution 

--Ammoniacal  copper  arsenate  (ACA) ,  aqueoi 
solution 

•  Press  Cycle 

--Close  to  stops  in  1  minute 

--Press  time  of  15  minutes 

--Press  temperature  at  175°C  (350°F) 


f 
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The  flakes  were  treated  by  spraying  with  the 
tiiejJopriate  preservative  solution.  Following  this, 
isi(  were  transferred  to  plastic  bags  and  allowed 
!fiti  qui!  ibrate  overnight  before  being  dried  to  the 
^lopriate  moisture  content  for  panel  production. 


rljji  1 


in 


tiiil 

'MAI 


m'. 


Seven  test  specimens  measuring  2   inches  wide 
5  inches  thick  by  12  inches  long  were  cut  from 
panel  so  that  the  long  direction  was  parallel 
he  flake  alignment.  These  were  then  equilibrated 
I'C  (70°F)  and  50  percent  relative  humid'-'ty 
re  being  used  for  the  initial  strength  test 
imens  or  weathering  test  specimens.  Samples 
from  clear  aspen  lumber  and  marine  grade 
as-fir  plywood  were  included  as  reference 
ial .  The  accelerated  weathering  cycle  used 
a  10  minute  soak  in  boiling  water  followed  by 
ed  air  drying  for  7.8  hours  at  105°C  (220''F). 
weathered  specimens  were  exposed  for  50  of 
e  cycles. 


Panel  properties  were  evaluated  by  determining 
illing  strength  (MOR)  and  stiffness  (MOE)  over  an 
nch  span.  The  dimensions  before  weathering 
used  for  the  weathered  specimens.  Values  were 
sted  to  a  nominal  density  of  40  pcf  using  a 
ession  equation,  and  ten  specimens  were  used 
obrovide  the  average. 


The  second  group  of  specimens  were  made  from 
:W  panels  0.5  inches  thick  with  a  nominal  density 
:  f  10  pcf.  Conditions  were  similar  to  those  de- 
::,ciibed  above.  Only  isocyanate  adhesive  was  used 
n  a  variety  of  preservatives  were  sprayed  onto  the 
l}<es.  These  preservatives  are  indicated  in  the 
ajle  of  results. 

Test  specimens  (16  x  2  inches)  were  cut  from 
{se  panels  and  a  10-inch  span  at  one  end  was 
xerelted  to  obtain  unweathered  bending  strengths. 
K  broken  end  was  cut  off  and  used  for  specific 
irvity  and  moisture  content  determination.  The 
•cfaining  11-inch  specimen  was  subjected  to  50 
(Cijthering  cycles  of  1.5  hour  soak  in  boiling  water 
allowed  by  4.5  hour  drying  at  105°C.  The  weathered 
iflcimens  were  equilibrated  in  the  same  conditions 
tfC   and  50%  RH)  as  the  unweathered  specimens  and 
;t 


n  tested  in  bending.  In  this  way  the  same 
cimens  were  used  for  weathered  and  unweathered 
ults. 


{|ults  and  Discussion 

The  data  for  the  first  study  are  given  in 
:ille  2  and  those  for  the  second  given  in  table  3. 
rf'  results  in  table  2  provide  additional  comparisons 
O'ween  phenolic-  and  isocyanate-bonded  material. 
.rjtre  is  considerably  less  MOR  or  MOE  loss  in  the 
i|cyanate  specimens  compared  to  the  phenolic  ones. 
•Ijis  apparent  that  when  using  the  techniques  and 
Tintities  in  the  study  the  isocyanate  adhesives 
i  )art  greater  weathering  durability  with  or 
'':hout  preservatives  included. 

The  values  in  table  2  indicate  that  sodium 
pita  can  be  added  to  CWM  without  a  significant 
e'ect  on  strength  or  stiffness.  Examination  of 
ti   data  shows  that  the  average  initial  strength 
w;  somewhat  lower  but,  after  weathering,  strength 


values  were  similar.  The  strength  and  stiffness 
losses  due  to  weathering  for  this  material  were 
similar  to  that  seen  for  penta  treated  Douglas-fir 
plywood,  and  for  untreated  aspen  wood. 

The  addition  of  an  inorganic  salt-type 
preservative  intensified  the  strength  loss  due  to 
accelerated  weathering.  The  data  show  that  the 
MOR  strength  losses  were  in  excess  of  50  percent 
for  the  specimens  which  had  CCA  added  to  the  flakes. 
To  determine  whether  or  not  the  effect  of  preser- 
vative salts  on  strength  properties  was  unique  to 
CWM  or  would  also  be  found  in  solid  wood,  Douglas- 
fir  plywood  and  aspen  lumber  samples  were  treated 
with  CCA  and  subjected  to  the  boil -dry  test.  The 
data  show  that  the  MOR  strength  losses  were  com- 
parable to  those  found  in  CCA  treated  CWM.  Therefore, 
we  concluded  that  the  main  effect  of  CCA  was  on  the 
wood  and  not  the  adhesive  system.  However,  there 
was  some  reduction  in  strength  before  weathering. 
The  effect  of  the  accelerated  test  on  MOE  was  less 
pronounced  than  that  on  MOR,  although  some  sub- 
stantial reductions  were  seen  in  phenolic-bonded 
CCA  treated  material  and  in  the  CCA  treated  plywood. 

The  data  in  table  3  agree  with  the  earlier 
results  indicating  that  several  preservative  systems 
can  be  blended  into  CWM  without  significantly  af- 
fecting bending  strength,  either  before  or  after 
accelerated  weathering.  CWM  containing  sodium 
penta,  penta/creosote,  penta  in  oil,  ammoniacal 
penta  or  alkyl  ammonium  compounds  (AAC)  lost  about 
the  same  amount  of  strength  on  weathering  as  treated 
solid  wood.   In  contrast,  CWM  containing  inorganic 
salt-type  preservatives  such  as  CCA  and  ACA 
experienced  high  strength  losses  after  weathering. 

As  shown  by  the  information  in  table  3  the 
addition  of  copper  can  have  a  deleterious  effect 
on  bending  strength.  This  effect  is  demonstrated 
in  comparisons  of  ammoniacal  copper  penta  and  am- 
moniacal penta  as  well  as  AAC  plus  copper  chloride 
and  AAC.  The  poor  results  found  with  the  copper 
oxine  were  due  to  the  presence  of  strong  acid, 
which  was  required  to  solubilize  the  salt  before 
preservative  treatment. 

The  results  obtained  with  salt-type 
preservatives  may  indicate  that  the  boil -dry 
accelerated  weathering  test  is  not  realistic,  since 
wood  is  normally  not  subjected  to  these  high  temp- 
eratures during  natural  weathering.  The  use  of  a 
lovjer  drying  temperature  in  a  vacuum-soak-dry 
weathering  cycle  reduced  the  strength  loss  of  the 
salt  treated  material  somewhat,  but  losses  were 
still  high.  Since  there  are  no  data  available  on 
the  effect  of  natural  weathering  on  strength  pro- 
perties of  salt  treated  wood,  further  studies  are 
being  conducted  to  determine  whether  or  not  these 
preservatives  will  be  satisfactory  for  composite 
wood  material . 

Composite  wood  material  decay/termite  stakes 
have  been  prepared  using  various  preservative 
systems.  The  initial  work  used  the  two  adhesive 
systems,  isocyanate  and  phenol -formaldehyde,  while 
later  work  has  concentrated  on  isocyanate.  Most 
of  the  studies  have  used  two  species:  aspen  and 
balsam  fir.  Evaluation  of  resistance  to  decay 
fungi  and  termites  is  continuing  in  test  plots  in 
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Florida  and  Panama.  A  typical  specimen  is  shown 
in  figure  3.  This  work  allows  comparisons  between 
preservative  systems  and  also  allows  determination 
of  threshold  values  for  CWM,  i.e.,  the  minimum  level 
of  preservative  required  to  provide  durability. 


ACCELERATED  WEATHERING 
OF  CROSSARM  SECTIONS 

Additional  information  on  the  durability  of 
composite  products  was  obtained  from  accelerated 
weathering  of  crossarm  sections.  Two  daily 
weathering  cycles  were  used,  one  was  a  vacuum/ 
pressure/soak-and-dry  cycle  and  the  other  was  a 
condensation  and  U-V  light  cycle. 


Materials  and  Procedures 


of  the  gluelines  sound.  Overall  the  sections 
behaved  exceptionally  well  considering  the  sev ; 
nature  of  this  test,  indicating  that  the  COMAF 1 
sections  have  good  durability. 

The  condensation/U-V  light  cycles  were  a  1! 
severe  test  which  was  also  used  to  determine  t  ij 
effect  of  U-V  light.  No  observable  effects  api| 
from  color  change  were  seen  for  many  cycles.   1 
was  some  minor  glueline  separation  after  50  cy  ' 
which  had  not  been  observed  after  35.  At  the 
elusion  of  testing  the  CWM  appeared  solid  with 
few  checks.  The  U-V  light  caused  considerable  ; 
darkening  of  the  sections  but  this  was  only  a 
face  phenomenon,  as  a  scratch  across  the  surfa 
exposed  white  wood.  In  general,  the  sections 
appeared  to  stand  up  well  to  this  accelerated 
weathering  test. 


Two  COMARMS'"  were  produced,  one  from  phenolic- 
bonded  composite  wood  material  and  the  other  from 
isocyanate-bonded  material.  The  crossarm  confi- 
guration was  shown  in  figure  2  with  the  length 
being  8  feet.  Components  were  bonded  with  resor- 
cinol -formaldehyde  adhesive  and  the  hollow  core 
was  filled  with  low  density  polyurethane  foam. 
Sections  approximately  30  inches  long  were  cut 
from  each  end  for  the  weathering  tests. 

One  phenolic-bonded  and  one  isocyanate-bonded 
section  were  subjected  to  18  daily  soak-and-dry 
cycles.  In  the  daily  cycle,  specimens  were  exposed 
to  a  30  minute  vacuum  followed  by  100  psi  pressure 
for  90  minutes  while  submerged  in  water.  They 
were  then  dried  at  102°C  (215°F)  for  22  hours. 
The  sections  were  visually  inspected  after  each 
cycle.  After  completion  of  the  18  cycles  they 
were  cut  into  2  inch  lengths  for  further  observations. 

The  other  two  sections,  one  phenolic  and  one 
isocyanate,  underwent  daily  cycles  of  18  hours 
condensation  (100  percent  relative  humidity)  at 
55°C  (130°F)  and  16  hours  U-V  light  at  60°C  (140°F). 
The  sections  were  visually  inspected  after  each 
cycle  for  the  first  3  cycles,  then  they  were  in- 
spected at  regular  intervals  up  to  50  cycles. 


Results  and  Discussion 

The  specimens  subjected  to  soak-and-dry  cycles 
exhibited  the  majority  of  change  during  the  first 
one  or  two  cycles.  This  change  was  an  obvious 
bulging  of  the  sides  of  the  crossarm  due  to  the 
irreversible  swelling  in  thickness  of  the  sides, 
which  was  restrained  at  the  gluelines  by  the 
smaller  in-plane  swelling  of  the  top  and  bottom. 
There  was  some  minor  glueline  separation.  The 
surface  of  the  phenolic  CWM  was  rougher,  with  some 
flakes  breaking  away  from  the  surface,  compared 
to  the  isocyanate  CWM. 

As  the  cycling  proceeded  there  was  little 
day-to-day  change.  At  the  end  of  18  cycles  the 
gluelines  had  slightly  more  separation  and  there 
was  minor  checking  in  the  CWM.  Inspection  of  the 
slices  showed  that  the  glueline  separation  was 
only  a  small  part  on  the  outside  with  the  interior 


FIELD  AND  SERVICE  TESTING 


The  durabi 
being  evaluated 
in  the  ground  i 
December  1979. 
resistance  to  b 
periencing  some 
good  weathering 
COMARMS™  were  i 
of  systems  are 


lity  of  several  CWM  systems  is  | 
by  using  short  pole  stubs  inse|i 

n  Florida.  They  were  installed  i 
After  3  years  they  showed  good 

iodeterioration  and, although  eX' 'j 
checking  in  the  material,  showe(ii 
properties.  In  addition  sever. 

nstalled  above  ground.  A  numbe; 

performing  wel 1 . 


The  products  are  undergoing  extensive  ser' 
testing.  Approximately  twenty  40-foot  COMPOLE: 
have  been  installed  by  various  utilities  mainl; 
the  Midwest.  The  first  was  installed  in  Hough  ; 
Michigan  in  September  1980.  During  instal  latic  ri 
the  COMPOLES™  were  treated  similarly  to  solid  v  d:! 
poles  with  no  difficulties  encountered.  The  pel:; 
can  be  easily  climbed  and  can  be  readily  drills : 
if  required. 

The  Electric  Power  Research  Institute  is 
sponsoring  a  project  to  evaluate  the  COMARMS™  "' 
four  areas  of  the  United  States.  These  are  the 
Upper  Peninsula  of  Michigan,  the  Pacific  Northv;,, 
the  Interior  Southwest  and  the  Gulf  States.  Fcr.' 
crossarms  have  been  installed  by  a  utility  in  (3:i 
area.  These  will  be  inspected  regularly  and  ai  tf 
five  years  half  of  the  crossarms  will  be  testec '; 
to  determine  strength  properties  to  see  what  e1 - 
feet  weathering  has  had  on  strength  properties. 

At  the  request  of  the  City  of  Houghton,  2^  j 
lighting  standards  were  produced.  Most  of  thes^ 
were  installed  in  July  1982.  Figure  4  shows  se/ 
eral  of  these  COMLITES™.  The  lighting  standarc; 
were  designed  as  a  box  beam  approximately  5-by- 
inches  in  cross-section  and  25  feet  long.  The> 
were  left  hollow  to  allow  the  electric  cable  tc 
pass  down  from  the  light  to  the  ground.  The  su' 
face  of  the  material  was  grooved  and  stained  tc 
duplicate  light  standards  already  being  used 
which  were  made  from  finger  jointed  and  laminat? 
southern  pine.  The  composite  lighting  standard 
produced  a  very  aesthetic  product. 
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CONCLUSIONS 


Using  specific  types  of  phenol  formaldehyde 
:  socyanate  adhesives  we  found  that  isocyanate- 
red  material  has  superior  initial  strength  and 
Koits  improved  durability  at  the  same  adhesive 


Several  preservative  systems  can  be  incorporated 
rie  material  with  minimal  effects  on  initial 
ingth  or  on  strength  after  accelerated  weathering. 


Accelerated  tests  give  an  indication  of  how 
a  composite  material  will  behave  when  comparison 
tjrial  is  included.  However,  some  anomalies  may 
o.ii!\Jlop  due  to  high  temperatures  involved  in  cyclic 

teiising. 
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Table  1. --Bending  strength  (MOR)  and  equilibrium  moisture  content  (EMC) 
for  phenolic-bonded  and  isocyanate-bonded  material  under  three 
environmental  conditions 


Cond" 

tions 

Temp. 

RH 

\. 

%_ 

21 

50 

27 

70 

21 

90 

Phenol -formaldehyde 


MOR- 


1/ 


EMC 


1/ 


Isocyanate 


MOR-^ 


EMC 


1/ 


psi 


12280 

7.00 

10680 

9.99 

8510 

15.06 

_£S1 


14790 

6.37 

13860 

8.97 

12250 

12.65 

1/   Adjusted  to  40  pcf  density 


Table  2. --Average  bending  strength  and  stiffness  values  before  and  after  accelerated  weathering 


Bending 

Strength-^ 

Strength 

Bending 

Stiffness-^ 

Stiffness 

Specimen- 

Preservati 

ve 

Control 

Weathered 

Loss 

Control 

Weather 

ed 

Loss 

I 

None 

psi 

psi 
12050 

% 

psi  X  10^ 
2.25 

psi  X  1 
2.19 

06 

0/ 

15200 

20.7 

2.5 

P 

None 

11550 

7940 

31.3 

2.04 

1.64 

19.5 

I 

Sodium 

Pen 

ta 

13800 

11820 

14.3 

2.28 

2.06 

9.7 

P 

Sodium 

Penta 

12250 

8170 

33.3 

2.10 

1.88 

10.8 

I 

CCA 

14090 

6620 

53.0 

2.30 

2.07 

10.0 

P 

CCA 

11190 

4300 

61.6 

2.13 

1.54 

27.7 

I 

ACA 

13760 

6970 

49.3 

2.33 

2.02 

13.4 

P 

ACA 

11680 

4140 

64.5 

1.99 

1.72 

13.5 

DF  Plywood 

None 

6190 

5850 

5.5 

1.02 

0.86 

15.0 

OF  Plywood 

CCA 

6190 

3250 

47.5 

1.02 

0.74 

27.0 

DF  Plywood 

Penta 

6270 

4900 

21.9 

0.88 

0.74 

15.6 

Aspen  Wood 

None 

10450 

8820 

15.6 

1.49 

1.38 

7.0 

Aspen  Wood 

CCA 

10450 

5140 

50.8 

1.49 

1.46 

2.0 

V  I  -  isocyanate-bonded  CWM 

P  -  phenol -formaldehyde-bonded  CWM 
DF  -  Douglas-fir 
2/   Adjusted  to  40  pcf  density 
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Table  3. --Average  bending  strength  data  for  unweathered  and  weathered  material 
treated  with  various  preservatives 


Preservative 


Bending  Strength-       Strength 
Unweathered    Weathered      Loss 


Untreated 

Sodium  Pentachlorophenoxide 
Pentachlorophenol /Creosote 
Pentachlorophenol/P9  Oil 
Ammoniacal  Pentachlorophenol 
Animoniacal  Copper  Naphthenate 
Ammoniacal  Copper  Pentachlorophenol 
Ammoniacal  Copper  Arsenate  (ACA) 
Chromated  Copper  Arsenate  (CCA) 
Alkyl  Ammonium  Compound  (AAC) 
AAC  +  Copper  Chloride 
Copper  Complex 
Copper  Oxine 


psi 


% 


12150 

9670 

20.4 

14360 

11390 

20.7 

12940 

10010 

22.6 

11850 

9820 

17.1 

12660 

10140 

19.9 

11400 

7400 

35.1 

10950 

7660 

30.0 

10140 

7690 

24.2 

11500 

7920 

31.1 

13100 

9690 

26.0 

10330 

7830 

24.2 

11440 

8980 

21.5 

5710 

5190 

9.1 

y   Adjusted  to  40  pcf  density 


COMPOSITE 
WOOD  MATERIAL 


CORE 


JKTERFACE 
ADHESIVE 


COMPOSITE 
WOOD  MATER  t 


CORE 


Figure  1 .--Cross-section  of  composite  wood 
utility  pole  showing  laminations  required  to 
achieve  wall  thickness. 


Figure  2. --I1 lustration  of  composite  wood  cro;^ 
arm. 
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Figure  3. --Composite  wood  decay  stakes  in  Florida  test  plot,  used  for  ground  contact  evaluation. 


Figure  4. --Composite  wood  street  lighting  standards  in  Houghton,  Michigan. 
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PRESERVATIVE  TREATED  SOUTHERN  HARDWOOD  FLAKEBOARD^/-/-/ 

4/ 
Paul  H.  Short  and  Duane  E.  Lyon- 


Abstract.--Two  preservatives,  copper-8-quinolinoTate- 
(PQ-56)  and  didecyl -dimethyl -ammonium  (CWP-41 )  were  eval- 
uated for  efficacy  and  effect  on  properties  of  flakeboards 
made  from  southern  species.  PQ-56  was  the  better  preser- 
vative, but  it  adversely  affected  properties.  CWP-41  did 
not  affect  properties,  and  may  have  adequate  efficacy  at 
higher  treatment  levels. 


INTRODUCTION 

Several  factors  have  contributed  to  the  ac- 
:e'tance  of  structural  boards  made  from  northern 
icjdwood  flakes.  Included  among  these  factors 
ar:  (1)  the  decreasing  supply  and  increasing 
nevest  cost  of  peelable  logs  for  plywood  produc- 
tin;  (2)  the  ability  to  locate  these  board  manu- 
fcturing  plants  closer  to  the  large  market  areas 
Dithe  U.S.;  (3)  the  increasing  acceptability  of 
sluctural  board  products;  and  (4)  the  inherent 
bfjefits  of  this  type  board  compared  to  plywood 
(Css  1980).  Coupled  with  these  factors  in  the 
S(th  is  the  availability  of  a  mixture  of  low- 
gtde  hardwoods  that  may  be  suitable  as  a  flake- 
b(]rd  furnish.  This  potential  flakeboard  furnish, 
wl;ch  includes  both  low-  and  high-density  wood 
si'icies,  needed  to  be  economically  utilized  as  an 
ii'entive  for  landowners  to  convert  cut-over 
iJds  to  southern  pine  production. 


Unfortunately,  these  structural  boards  are 
sdject  to  termite  and  fungal  attack,  especially 
iithe  high-risk  areas  of  the  southern  and  south- 
e.itern  U.S.  Although  many  insecticides  and 
fijgicides  are  currently  being  evaluated  (Hall 
eijal.  1982),  research  is  lacking  on  the  use  of 
c-iper-8-quinolinolate  (PQ-56)  and  didecyl- 
diethyl -ammonium  chloride  (CWP-41)  with  flake- 
bird.  It  is  believed  that  these  two  wood  pre- 
s'fvatives  are  most  likely  to  remain  acceptable 
the  U.S.  Environmental  Protection  Agency. 


VPaper  presented  at  Workshop  on  Durability, 
P'^sacola,  FL,  October  5-7,  1982. 

2^/The  authors  wish  to  express  their  appre- 
cjtion  for  the  help  given  them  by  Dr.  Terry  L. 
Aourgey,  Plant  Pathologist,  Mississippi  Forest 
P)ducts  Utilization  Laboratory,  Mississippi 
Site  University,  Mississippi  State,  MS. 

3^/Mention  of  company  or  tradename  is  solely 
t  identify  the  material  used  and  should  not  be 
iterpreted  as  an  endorsement  by  the  Mississippi 
Sate  University  or  the  U.S.  Department  of  Agric. 

4/The  authors  are  Associate  Professors  at 
tp  Mississippi  Forest  Products  Utilization 
LiDoratory,  Mississippi  State  University, 
tesissippi  State,  MS. 


Consequently,  the  objective  of  this  research  was 
to  evaluate  the  feasibility  of  treating  exterior- 
grade  hardwood  flakeboard  with  these  two  wood 
preservatives. 


PROCEDURE 

Materials 

The  processing  variables  investigated  are 
listed  in  Table  1.  Three  trees  of  each  wood 
species  in  the  6-  to  8-inch  diameter  class  were 
harvested  from  the  John  Starr  Memorial  School 
Forest,  Mississippi  State  University,  located  in 
northeast  Mississippi.  After  debarking,  the 
bolts  were  flaked  in  a  Fibrexa  drum  flaker. 
Flakes  were  2.50  inches  long,  0.015-inch  thick, 
and  had  random  width.  The  flakes  were  dried  to 
less  than  5  percent  moisture  content  in  a  kiln 
at  150OF. 

Forasite  22-743,  a  water  soluble  phenol- 
formaldehyde  resin  was  obtained  from  Reichhold 
Chemicals,  Incorporated,  and  diluted  to  40  per- 
cent resin  solids  prior  to  addition  to  the  wood 
flakes.  The  diluted  resin  had  a  viscosity  of 
approximately  150  cps  and  a  pH  of  9.5. 

A  wax  emulsion,  GMW-135,  was  obtained  from 
Perkins  Industries,  and  sprayed  onto  the  flakes 
at  a  concentration  of  48  percent  wax  solids. 

The  two  preservatives,  CWP-41  and  PQ-56 
were  obtained  from  Chapman  Chemical  Company.  The 
CWP-41  is  manufactured  by  Lonza,  Incorporated, 
and  sold  as  Bardac  2250.  PQ-56  and  CWP-41  are 
manufactured  as  solutions  with  concentrations  of 
10  and  50  percent,  respectively.  The  pH  was  1.5 
and  7.4  for  the  PQ-56  and  CWP-41,  respectively. 


Flakeboard  Manufacture 

Flakeboard  manufacturing  conditions  were: 

Board  size:  0.625-in.  by  22  in.  by  24  in. 

Resin:  Liquid  phenol -formaldehyde  spray 
applied  at  6%.   (based  on  ovendry 
weight  of'  flakes). 
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Wax:  Wax  emulsion  spray  applied  at  1% 

(based  on  ovendry  weight  of  flakes). 

Mat  moisture  content:  13  -  14%. 

Mat  construction:  Homogeneous 

Press  temperature:  340  F 

Press  cycle:  Press  to  stops  and  hold  at 
570  psi  for  1.5  min. , 
reduce  pressure  to  285  psi 
and  hold  for  6.5  min. 

Total  press  time:  Approximately  9  min. 

Postcure:  Boards  were  heated  in  an  oven 
at  212  F  for  8  hours  . 

The  appropriate  weight  of  the  kiln-dried 
flakes  for  three  boards  was  blended  with  the 
required  weight  of  each  additive  in  a  rotating 
drum  blender  equipped  with  spray  nozzles.  The 
required  amounts  of  preservative,  wax,  and 
resin  were  added  consecutively.  Total  blending 
time  was  approximately  15  minutes.  A  post- 
blending  period  of  15  minutes  was  included  to 
remove  excess  moisture  and  to  ensure  adequate 
mixing  of  ingredients.  This  blending  procedure 
was  duplicated  to  provide  sufficient  material 
for  six  flakeboards. 

After  blending,  the  appropriate  weight  of 
flakes  was  manually  felted  into  22-  by  24-inch 
mats.  The  felted  mats  were  pressed  to  stops 
in  an  electrically  heated  press.  Target  densi- 
ties were  45  and  50  pcf. 


Flakeboard  Properties 

Table  2  lists  the  tests,  exposure  con- 
ditions and  replications  for  each  treated 
flakeboard  type.  All  of  the  flakeboards  were 
cut  into  test  specimens,  conditioned  at  65% 
relative  humidity  and  68° F,  and  tested  accord- 
ing to  standard  procedures  (ASTM  D  1037-72a). 
The  in-plane  crushing  (C)  stress  was  determined 
by  loading  3-  by  3-inch  test  specimens  parallel 
to  the  face  until  failure.  The  value  reported 
was  the  stress  at  the  proportional  limit  per 
unit  of  cross-sectional  area.  The  resistance 
of  each  board  to  decay,  termite  and  mold  was 
evaluated  according  to  standard  procedures  with 
some  modifications.  All  test  specimens  were   * 
0.625  by  0.375  by  0.750  inches.  There  were 
three  replications  per  treatment  for  each  test. 
The  procedures  are  described  as  follows: 

Decay  tests  were  conducted  using  the  agar- 
block  procedure  (Amburgey  1976).  Decay  cham- 
bers were  8-ounce  French  square  bottles  con- 
taining 30  ml  of  2%  malt-agar  (20  g  Difco  malt 
extract,  15  g  Difco  bacto-agar,  1000  ml  dis- 
tilled water).  Sterilized  decay  chambers  were 
laid  on  one  side  until  the  agar  solidified  and 
then  inoculated  with  a  pure  culture  of  the 
brown-rot  wood-decay  fungus  Gloeophyllum 


trabeim   (Pers.  ex  Fr.)  Murr.  When  fungal  grc « 
had  covered  the  agar  surface,  a  sterile,  2-mn 
thick  support  was  placed  on  the  surface  of  t\ 
mycelium  in  each  bottle  to  serve  as  a  support 
the  test  specimens.  All  test  specimens  and  c: 
trols  (0.75-in.  cubes  of  southern  yellow  pine^ 
sapwood)  were  sterilized  using  ethylene  oxide* 
before  being  placed  in  the  decay  chambers. 

Tests  of  resistance  to  subterranean  terni 


(3 


were  conducted  according  to  AWPA  Standard  M12 
except  for  block  size.  Southern  yellow  pine 
wood  blocks  (0.750-in.  cubes)  were  used  as  co 
trols. 

Mold  test  specimens  were  momentarily  im- 
mersed in  an  aqueous  spore  suspension  of  mold 
fungi  obtained  by  mixing  spores  removed  from  i 
cultures  of:  Altemaria  altemata   (Fr.)  Keis 
Trichoderma   sp, ,  Aureobasidium  putlulans   (de 
Bory)  Arnaud,  Aspergillus  niger   van  liegham, 
Ceratooystis   sp. 

The  inoculated  test  specimens  were  then 
placed  in  covered  plastic  crisper  dishes  (12 
9  by  4  in.)  containing  a  layer  of  2  percent  Wi 
agar  covered  by  a  piece  of  southern  yellow  pi 
sapwood  veneer.  The  specimens  were  placed  oni 
the  surface  of  the  veneer.  The  crisper  dishe.s 
were  incubated  for  10  weeks  in  a  controlled  ec 
vironment  chamber.  After  10  weeks,  the  perce? 
of  specimen  surface  covered  by  mold  was  deter' 
mined. 

Southern  yellow  pine  sapwood  blocks  (0.7' 
in.  cubes)  were  used  as  controls. 

The  mechanical  and  physical  data  were 
adjusted  to  average  density  values  by  the  use 
of  regression  analyses.  Although  this  proced 
prohibits  a  comparison  of  means  between  treat 
ments,  the  rather  large  variation  in  test  re- 
sults caused  by  inherent  density  variation  ma 
a  comparison  of  means  almost  useless.  By  ad- 
justing the  data  to  an  average  density,  trend 
the  test  results  culd  be  evaluated. 


RESULTS  AND  DISCUSSION 

This  study  clearly  demonstrates  the  need 
consider  carefully  the  loss  of  bond  integrity 
that  occurs  when  flakeboards  are  weathered. 
Property  requirements  for  2-BF  flakeboard, 
American  National  Standard  for  Mat-Formed 
Particleboard,  A208.1,  (ANSI)  requires  a  miniii 
internal  bond  (IB)  strength  of  50  psi.  The  o 
weathered  flakeboards  maintaining  an  acceptab  i 
IB  strength  were  sweetgum  boards  which  had  an 
average  IB  strength  of  70  psi  at  a  density  o 
50  pcf.  The  addition  of  CWP-41  reduced  the 
average  IB  strength  to  60  psi.  Consequently, 
the  discussion  of  the  results  in  the  text  is 
restricted  to  ranges  in  values  and  the  signi- 
ficance of  the  findings.  Complete  test  resul  '■ 
may  be  obtained  from  the  authors. 
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Unweathered  Flakeboard  Properties 

|Copper-8-quino1 inolate  Treated  Flakes 

Internal  bond  strengths  of  the  unweathered, 
6  treated  flakeboards  are  given  in  figures 
d  2.  Results  show  that  the  addition  of  this 
ervative  decreased  the  IB  strengths  of  the 
ted  flakeboards.  The  amount  of  loss  was 
ndent  on  addition  level,  flake  species  and 
aboard  density.  The  largest  loss  occurred 
pine  flakeboards  at  a  density  of  52  pcf 
treated  at  an  addition  level  of  0.11  pcf. 
trength  decreased  from  200  to  10  psi ,  a  95% 
.  The  smallest  loss  (13%)  occurred  when 
e  oak  flakeboards  at  a  density  of  48  pcf 
treated  at  an  addition  level  of  0.02  pcf  or 
e  IB  strength  decreased  from  80  to  70  psi . 
he  0.02  pcf  treatment  level,  all  species 
pt  hickory  produced  flakeboards  with  IB 
ngths  greater  than  the  required  50  psi.  At 
0.11  pcf  treatment  level,  only  sweetgum 
eboards  had  IB  strengths  greater  than  50  psi. 


In  addition  to  the  preservative  treatment 
jfects,  results  indicate  a  strong  dependency  of 
.  ;Bstrength  on  species.  This  result  may  be  due 
■,;ra  combination  of  variables,  including  species 
iesity,  flake  geometry,  pH  and  buffering 
'  jfbcts  of  the  specific  species. 

The  lower  the  density  of  the  species,  the 
liher  the  compaction  ratio  of  the  boards.  Com- 
Oction  ratio  (CR)  is  defined  as  the  ratio  of 
DcVd  to  species  density.  Compaction  ratios  for 
t\'  various  flakeboard  types  are  listed  in  table 
3j  A  linear  regression  of  IB  versus  CR,  IB  = 
Mf'.O  (CR)  -76.2,  has  a  R  value  of  0.95  for  the 
;4fpcf  boards.  This  correlation  between  IB  and 
-[.supports  the  belief  that  intimate  flake  con- 
tft  appears  to  be  the  major  factor  affecting 
b('d  integrity  in  flakeboards.  Hse  et  al .  (1975), 
r(,orted  similar  results.  The  amount  of  resin 
pi^  board  was  constant  within  a  density  level, 
bi   the  amount  of  resin  per  wood  flake  would  de- 
p(,d  on  the  specific  gravity  of  the  wood  species 
ai;  flako  geometry.  There  were  obvious  dif- 
fi-ences  in  the  flake  geometry  of  the  five 
S'Cies,  but  no  attempt  was  made  to  correlate 
f  ke  geometry  to  flakeboard  properties.  More 
r  earch  needs  to  be  done  in  this  area. 

Flake  pH  and  buffering  effect  were  determined 
f'  each  of  the  flake  species.  The  results  are 
S)wn  in  figure  3  and  summarized  in  table  3. 
Pie  flakes  had  the  lowest  initial  pH,  4.5,  and 
h)   the  strongest  buffering  effect,  2.1  (a  pH/mil- 
';'iJioles  NaOH).  Apparently,  the  pine  extractives 
doress  the  flake  pH  and  contribute  to  the  buf- 
f'ing  effect  at  high  pH.  Hickory  flakes  had  the 
hjhest  initial  pH,  5.6,  and,  along  with  sweetgum 
fakes,  had  the  weakest  buffering  effect,  6.7 
(  pH/millimoles  NaOH).  There  appears  to  be  a 
p^jr  linear  correlation  between  IB  and  initial 
F  (R  =  0.14),  and  also  between  IB  and  buffering 
eFect  (r2  =  0.12).  Consequently,  initial  flake 
p.  and  buffering  effect  are  not  major  factors 
rlating  IB  strength  to  species. 


However,  it  is  plausible  that  the  combined 
acidic  and  buffering  characteristics  of  the  wood 
extractives  and  PQ-56  influence  the  chemical 
reactions  that  occur  during  bond  formation  be- 
tween wood  flakes.  PQ-56  has  a  pH  of  approxi- 
mately 1.5.  As  the  pH  of  the  resin  medium  is 
reduced,  the  alkaline  buffer  of  the  resin  is 
neutralized,  causing  the  resin  cure  rate  to  be 
reduced.  Consequently,  in  the  allotted  press 
time  bond  formation  in  the  pine  flakeboards  may 
not  have  had  sufficient  reaction  time.  Pine 
flakes  had  the  lowest  pH  and  exhibited  the 
greatest  buffering  (table  3)  and  showed  the 
greatest  loss  in  IB  strength  when  treated  with 
PQ-56.. 

The  decrease  in  IB  strength  of  the  various 
flakeboards  also  could  be  caused  by  localized 
acid  hydrolysis  of  the  wood  substrate  by  the 
preservative.  Whatever  the  cause,  sweetgum 
flakeboard  appears  to  be  the  only  species  tested 
which  can  be  treated  with  PQ-56  at  0.11  pcf  and 
maintain  acceptable  IB  values. 


In-plane  crushing  (C) 


weathered  PQ-56 
figures  4  and  5 
boards  at  a  den 
decrease  of  53% 
two  flakeboard 
decrease  in  IB 
Similar  losses 
higher  density 
higher  density 
due  to  the  grea 


stress  of  the  un- 
treated flakeboards  is  given  in 
.  The  pine  and  hickory  flake- 
sity  of  48  pcf  showed  an  average 
in  C  stress.  Note  that  these 
types  also  showed  the  greatest 
strengths  when  treated  with  PQ-56. 
in  C  stress  were  observed  for  the 
flakeboards,  53  pcf.  But,  the 
boards  had  the  greater  C  values 
ter  compaction  ratios. 


Except  for  pine  flakeboards,  the  species 
dependency  of  the  C  values  followed  the  same 
order  as  the  IB  values.  The  average  lower  C 
value  of  the  pine  flakeboards  cannot  be  ex- 
plained. Although  this  board  property  is  based 
on  a  state  of  combined  stresses,  the  linear 
relationship  between  IB  and  C  values  of  untreated 
flakeboards  has  a  R^  value  of  0.69.  The  C  test 
is  much  quicker  and  appears  to  be  more  precise 
than  the  IB  test.  Also,  the  C  test  is  indicative 
of  the  bond  integrity  of  flakeboards  without  the 
dependency  of  rather  high-quality  board  surfaces 
that  are  required  for  the  IB  test. 

Thickness  swell  (TS)  values  of  the  un- 
weathered PQ-56  treated  flakeboards  are  given  in 
figures  6  and  7.  Without  exception,  the  addition 
of  this  preservative  adversely  affected  the  TS 
properties  of  the  treated  flakeboards.  At  the 
0.11  pcf  addition  level,  TS  for  the  43  pcf  boards 
ranged  from  41%  for  the  sweetgum  boards  to  60% 
for  the  pine  boards.  Increasing  board  density 
did  not  substantially  change  this  trend.  Except 
for  the  pine  boards,  increases  in  TS  of  flake- 
boards treated  at  the  0.02  pcf  addition  level 
were  similar  to  increases  observed  for  the  higher 
addition  levels.  Apparently,  the  0.02  pcf  addi- 
tion level  is  beyond  a  threshold  value  for  inter- 
ference with  bond  formation  between  flakes.  This 
trend  is  exemplified  by  a  fairly  general  increase 
of  29%  in  TS  of  the  treated  flakeboards. 
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Usually  higher  density  boards  swell  more 
than  lower  density  boards.  Apparently,  the 
difference  between  the  two  density  levels  was 
not  large  enough  to  observe  the  expected  dif- 
ference in  associated  TS  values. 

The  variation  in  TS  with  respect  to  species 
could  be  caused  by  differneces  in  species  den- 
sity, flake  geometry,  etc.  Generally,  at  a 
constant  flakeboard  density,  boards  made  of 
lower  density  species  will  exhibit  greater  TS. 
This  is  due  to  the  effects  of  the  flake  compres- 
sion previously  described.  Results  of  thickness 
swell  do  not  follow  this  expected  trend,  imply- 
ing that  flake  geometry,  chemical  make-up, 
and/or  some  other  processing  parameter  is  the" 
controlling  factor.  Consequently,  the  expected 
negatively  correlated  relationship  between  IB 
and  TS  was  not  observed. 

Modulus  of  rupture  (MOR)  and  modulus  of 
elasticity  (MOE)  of  the  unweathered  PQ-56 
treated  flakeboards  are  shown  in  figures  8 
through  11.  All  unweathered  flakeboards  had 
average  MOR  values  in  excess  of  the  minimum  3000 
psi  required  by  ANSI.  Only  white  oak  flakeboard 
at  a  density  of  45  pcf  did  not  have  the  minimum 
500  X  103  psi  MOE  value  required  by  ANSI.  Ex- 
cept for  pine  flakeboards,  the  addition  of  PQ-56 
did  not  greatly  decrease  the  MOR  or  MOE.  At 
both  45  and  49  pcf  density  levels,  the  pine 
flakeboards  treated  at  0.11  pcf  retained  approx- 
imately 46%  and  80%  of  their  MOR  and  MOE  values, 
respectively.  These  reductions,  being  greater 
than  50%,  make  PQ-56  treated  pine  flakeboards 
unacceptable  according  to  ANSI  Standards. 

The  order  of  the  species  with  respect  to 
decreasing  MOR  was  similar  to  that  found  for  IB. 
This  would  be  expected,  considering  that  both 
bending  strength  and  IB  are   positively  corre- 
lated to  the  CR  (Moslemi  1974).  In  addition  to 
CR,  MOR  is  also  dependent  on  the  differential 
density  over  the  thickness  profile  (density  pro- 
file), whereas  IB  is  also  sensitive  to  the  qual- 
ity of  bond  formed  between  flakes. 

Flake  geometry  would  have  a  major  influence 
on  both  the  density  profile  and  quality  of  bond 
formed  during  the  fabrication  of  the  flakeboards. 
Maloney  (1977)  has  reported  that  although 
relationships  between  flake  geometry  and  board 
properties  do  exist,  the  relationships  are  not 
clearly  defined. 

Decay  resistance  of  the  unweathered  PQ-56 
treated  flakeboards  is  shown  in  figures  12  and 
13.  The  efficacy  of  the  PQ-56  as  a  fungicide  at 
the  0.11  pcf  treatment  level  was  very  evident. 
Although  the  extent  of  efficacy  was  species 
dependent,  the  change  in  flakeboard  density  from 
48  to  52  pcf  had  little  effect.  At  a  flakeboard 
density  of  48  pcf  and  0.11  pcf  treatment  level, 
average  weight  losses  due  to  decay  ranged  from 
6.4%  for  hickory  boards  to  0.3%  for  pine  boards. 
Compared  to  controls,  these  values  represent  a 
65%  and  98%  reduction  in  weight  loss  for  the  two 
species,  respectively.  Similar  results  were 
observed  for  the  higher  density  flakeboards. 


The  well  known  natural  decay  resistance  ( {,, 
white  oak  was  evident  (Scheffer  and  Cowling  l!| 
Untreated  flakeboards  at  a  density  of  48  pcf  ]■■ 
average  weight  losses  due  to  decay  ranging  fni 
21.6%  for  sweetgum  boards  to  14.1%  for  white  (s 
boards  (fig.  12).  The  average  weight  loss  fot 
the  untreated  pine  flakeboards  at  a  density  o1 
pcf  was  17.9%,  and  the  pine  wood  control  blochi 
had  an  average  weight  loss  of  16.7%.  This,  i1 
appears  that  the  medium-density  pine  flakeboar 
may  have  approximately  the  same  decay  suscepti 
bility  as  southern  yellow  pine  sapwood. 

Termite  resistance  of  the  unweathered,  PC  ■ 
treated  flakeboards  is  shown  in  figures  14  anc 
This  observation  is  reasonable  considering  the 
data  on  the  use  of  PQ-56  fungicide. 

All  the  flakeboards  treated  at  0.11  pcf  h 
less  than  4%  weight  loss,  and  less  than  8%  whe  i; 
treated  at  0.02  pcf.  These  values  represent 
substantial  improvements  in  termite  resistances 
considering  that  the  untreated,  48  pcf  flakebO'|i 
had  weight  losses  ranging  from  14.5%  for  pine 
boards  to  5.5%  for  hickory  boards.  At  the  0.1 
pcf  treatment  level,  pine  flakeboards  had  a  3.  j 
weight  loss,  and  the  hickory  flakeboards  had  a| 
3.0%  weight  loss.  Both  visual  observations  of 
blocks  and  weight  losses  of  blocks  caused  by 
termite  feeding  indicate  that  PQ-56  at  0.11  pc 
was  very  effective  in  protecting  flakeboards  f 
attack  by  subterranean  termites.  Thus,  there 
a  77%  improvement  in  termite  resistance  of  the 
PQ-56  treated  pine  boards.  Hickory  flakeboard 
with  their  rather  high  natural  resistance  to 
termite  attack,  may  not  require  treatment  for 
termite  control . 

The  results  on  tc-rmite  resistance  are  bas  i 
on  weight  loss  data  of  treated  and  untreated 
flakeboards  and  a  visual  evaluation  of  test  sp  ( 
mens  as  established  by  AWPA  Standard  M12-72. 
Although  the  visual  evaluation  is  a  subjective 
evaluation,  the  results  of  the  visual  evaluati  t 
complement  the  weight  loss  results  (figs.  14  a  ( 
15). 

The  oaks  and  hickories  appeared  to  have  a 
relatively  higher  natural  resistance  to  termiti 
attack  than  the  sweetgum  and  pine  boards.  Weiif 
loss  by  termite  attack  was  closely  related  to  f 
species  density;  i.e.,  as  flakeboard  density 
increased,  weight  loss  decreased  (r2  =  0.94).  '^ 
trend  also  appeared  to  exist  with  increasing  pir| 
density.  The  higher  density  boards  had  the  lev 
weight  loss  due  to  termite  attack.  Increasing 
flakeboard  density  8%  decreased  weight  loss  du( 
termite  attack  more  than  30%. 

Control  samples  of  southern  yellow  pine  wc: 
blocks  had  an  average  weight  loss  of  13.7%.  Th 
it  appears  that  resistance  of  pine  flakeboards  t 
termite  attack  is  similar  to  that  for  solid  woe j 

Mold  resistance  of  the  unweathered  PQ-56 
treated  flakeboards  is  shown  in  figures  16  and 
The  effect  of  the  two  treatment  levels  were  sir 
lar,  and  efficacy  for  controlling  the  growth  of 
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vi  fungi  was  evident.  At  a  flakeboard  density 
8  pcf,  the  surface  coverage  by  the  mold  fungi 
Tihe  untreated  flakeboard  test  specimens  ranged 
rn  100°^  for  pine  boards  to  15.0%  for  white  oak 
icrds.  Untreated  hickory  flakeboards  had  a  22% 
uface  coverage.   At  the  same  density  level, 
Y   surface  coverage  of  the  0.11  pcf  treated 
ikeboards  ranged  from  approximately  40%  for 
)i,8  to  6%   for  hickory  boards.  Compared  to  con- 
;tls,  these  values  represent  an  efficacy  of  60% 
'ir  73%  for  the  pine  and  hickory  boards,  respec- 
;iely.  Increasing  the  board  density  to  52  pcf 
irroved  the  efficacy  of  PQ-56.  Pine  flakeboards 
M   a  surface  coverage  of  approximately  23%, 
rfresenting  a  43%  increase  in  efficacy  by  in- 
cuasing  board  density  8%. 

Mold  fungi  do  not  usually  deteriorate  the 
ci  1  wall  of  wood  but  grow  either  on  the  surface 
O'within  the  cell  lumens,  living  mainly  on 
si|ars  and  starches  found  in  ray  parenchyma 
{ lygreen  and  Bowyer  1982).  Although  flake 
gmetry  is  believed  not  to  have  an  influence  on 
't!- severity  of  attack  by  fungi  on  flakeboards 
':()slemi  1974),  flake  geometry  would  be  directly 
r  ated  to  the  surface  density  of  the  associated 
f ikeboards.  The  greater  the  surface  densifi- 
cnon  of  the  flakeboards,  the  more  difficult  it 
Wild  be  for  mold  hyphae  to  penetrate  the  flake- 
bird  surface,  Density  profiles  were  not  deter- 
med  for  the  various  flakeboards,  but  there  is 
aiirect  relationship  between  MOR  and  mold 
Ci/erage.  The  migration  of  extractives  to  the 
arfaces  of  the  flakeboards  during  board  consoli- 
ction  in  the  hot  press  may  also  explain  the 
icrease  in  mold  coverage  of  the  higher  density 
^ards. 

A  summary  of  the  efficacy  of  PQ-56  as  a  fun- 
cide,  termiticide  and  mildewcide  for  flakeboard 
shown  in  table  4.  As  expected,  the  ranking  of 
akeboard  by  species  with  respect  to  improvement 
resistance  to  biological  deterioration  was 
milar  for  both  decay  and  termite  tests.  Al- 
ough  increase  in  mold  resistance  in  PQ-56 
eated  samples  was  somewhat  less  than  the  other 
operties  tested,  mold  resistance  would  not  be 
critical  in  most  in-service  applications.  The 
ding  market  would  be  a  noted  exception, 
nsidering  these  biological  test  results  to- 
ther  with  the  observation  that  treated  sweetgum 
jakeboards  were  the  only  boards  with  acceptable 
trength  properties,  it  would  be  technically 
easible  to  use  PQ-56  as  a  preservative  for 
•lakeboards  made  with  sweetgum. 

.  Didecyl-Dimethyl-Ammonium  Chloride  Tested 
Flakes 

j   Internal  bond  strengths  of  the  unweathered, 
pP-41  treated  flakeboards  are  given  in  figure  2, 
or  52  pcf  density  flakeboards,  this  preservative 
'educed  the  IB  strengths  approximately  the  same 
mount  for  both  treatment  levels  of  0.2  and  0.3 
iCf.  Internal  bond  strength  was  reduced  from 
jlO  to  180  psi  for  sweetgum,  from  200  to  160  psi 
for  pine,  and  from  100  to  70  psi  for  hickory 
I'oards.  These  values  represent  strength  losses 


of  14%,  20%,  and  30%  for  the  three  board  types, 
respectively.  But  all  treated  flakeboards  had 
average  IB  strengths  greater  than  the  minimum 
ANSI  requirement  of  50  psi.  Test  results  appear 
to  indicate  that  the  difference  between  the 
treatment  levels  was  not  great  enough  to  produce 
noticeable  changes  in  IB  strengths.  Results  do 
indicate  that,  at  the  addition  levels  tested,  the 
CWP-41  preservative  did  not  adversely  affect  IB 
results  as  much  as  did  the  PQ-56  preservtive. 
One  reason  for  this  could  be  that  CWP-41  has  a 
pH  of  approximately  7.4,  thus  it  would  cause  less 
interference  with  the  chemical  reactions  of  the 
bonding  mechanism  and  less  localized  hydrolysis 
than  tould  have  occurred  with  the  relatively 
higher  acidic  PQ-56  preservative. 
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Thickness  swell  values  of  the  unweathered 
CWP-41  treated  flakeboards  are  given  in  figure  7. 
The  addition  of  this  preservative  to  pine  flake- 
boards did  not  affect  the  TS  values.  The  pre- 
servative did  adversely  affect  the  TS  values  of 
both  the  sweetgum  and  hickory  boards,  but  not  to 
the  same  extent  as  did  the  PQ-56  treatments.  The 
TS  values  increased  from  7  to  25%  for  the  0.30 
pcf  treated  sweetgum  and  from  25  to  38%  for  the 
treated  hickory  flakeboards. 

Modulus  of  rupture  and  modulus  of  elasticity 
values  of  the  unweathered  CWP-41  treated  flake- 
boards are  given  in  figures  9  and  11,  respec- 
tively. Neither  the  MOR  nor  MOE  properties  of 
the  sweetgum  and  hickory  flakeboards  were  ad- 
versely affected  by  the  perservative  treatment. 
There  appears  to  be  a  slight  improvement  in  these 
properties  for  the  pine  flakeboards  when  treated 
with  CWP-41. 

Decay  resistance  of  the  unweathered  CWP-41 
treated  flakeboards  is  shown  in  figure  13.  Both 
treatment  levels  of  the  preservative  did  not 
greatly  change  the  amount  of  decay  resistance  of 
the  treated  hickory  flakeboards.  But  there  did 
appear  to  be  some  protection  provided  by  the 
treatment  to  the  sweetgum  and  pine  boards.  The 
amount  of  decrease  in  decay  resistance  was  approx- 
imately 28%  and  23%  for  the  sweetgum  and  pine 
boards,  respectively.  Generally,  there  were  no 
substantial  differences  between  the  efficacies 
of  the  two  CWP-41  treatment  levels. 

Termite  resistance  of  the  unweathered  CWP-41 
treated  flakeboards  is  shown  in  figure  15.  There 
appears  to  be  substantial  improvement  in  the 
resistance  to  termite  attack  with  the  addition  of 
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this  preservative,  especially  at  the  0.30  pcf 
level.  But,  the  effect  was  only  observed  for 
the  sweetgum  and  pine  boards.  Although  the 
weight  loss  due  to  termite  attack  of  the  treated 
flakeboards  was  only  about  3%  for  all  three  wood 
species  evaluated,  untreated  hickory  had  an 
average  weight  loss  of  only  3%.  As  with  the 
PQ-56  treated  flakebords,  visual  evaluation  data 
as  established  by  AWPA  substantiated  the  weight 
loss  data. 

Mold  resistance  of  the  unweathered  CWP-41 
treated  flakeboards  is  shown  in  figure  17.  The 
0.30  pcf  treatment  level  of  preservative  did 
increase  the  resistance  to  mold  of  the  sweetgum 
and  pine  boards  by  approximately  38%.  There 
appeared  to  be  very  little  effect  on  the  re- 
sistance to  mold  by  the  0.20  pcf  treatment  level 
in  all  three  species  of  flakeboards. 

A  summary  of  the  efficacy  of  CWP-41   with 
flakeboard  is   shown  in  table  5.     A  comparision  of 
the  two  preservatives,   PQ-56  and  CWP-41,   indi- 
cates that  the  acidic  preservative,   PQ-56,   is 
generally  a  better  preservative  at  approximately 
one-third  the  loading  rate  than  the  neutral    pre- 
servative, CWP-41    (tables  4  and  5).     The  cost  of 
PQ-56  is  aproximately  10-fold  that  of  CWP-41. 
This  rather  large  cost  differential  would  economi- 
cally justify  much  higher  loading  rates  of  the 
CWP-41   preservative. 


Weathered  Flakeboard  Properties 

Internal  bond  strength  of  test-fence- 
weathered,  untreated  sweetgum  flakeboards  is 
shown  in  figure  18.  It  became  apparent  during 
this  study  that  the  amount  of  variation  in 
weathered  IB  samples  was  much  larger  than  that  of 
unweathered  samples.  Thus,  the  number  of  IB 
samples  needs  to  be  rather  large  for  statistical 
analysis  to  be  meaningful.  Consequently,  only 
trends  in  IB  test  results  are  reported.  Results 
indicate  that  the  sweetgum  flakeboards  were  the 
only  boards  that  had  an  average  IB  strength 
greater  than  50  psi  after  a  3-month  exposure.  The 
untreated  sweetgum  flakeboards  decreased  from  an 
initial  IB  of  210  psi  to  70  psi  after  a  3-month 
exposure.  This  is  only  a  33%  strength  retention. 
After  a  6-month  exposure,  the  IB  strength  was 
below  50  psi . 

The  PQ-56  treated  sweetgum  boards,  at  both 
addition  levels,  had  average  IB  strengths  below 
50  psi  after  3-months  on  the  test  fence.  The 
CWP-41  treated  sweetgum  boards  had  somewhat  higher 
IB  strength  than  the  PQ-56  treated  boards,  but 
the  values  were  only  marginal. 


Flakeboards  Made  with  a  Species  Mixture 

Properties  of  flakeboards  made  with  a  mix- 
ture of  the  wood  species  are  shown  in  the  respec- 
tive figures  previously  noted.  Table  6  contains 
the  rule  of  mixture  data  of  the  untreated  and 
unweathered  flakeboards.  Predicted  board  prop- 


erties were  determined  using  the  rule  of  mix- 
tures. 

Generally,  the  mechanical,  physical,  and 
biological  properties  follow  the  rule  of  mixtun 
fairly  well.  For  example,  the  untreated  flake- 
boards had  an  actual  MOR  of  3420  psi  and  a  pre- 
dicted MOR  of  3720,  a  9%  difference.  The  biolo^ 
cal  properties  showed  similar  results.  Weight 
loss  due  to  decay  was  19.4%  compared  to  a  pre- 
dicted loss  of  18.1%,  a  7%  difference.  Weight 
loss  due  to  termite  attack  was  10.0%  and  weight 
loss  due  to  mold  fungi  was  32.0%,  representing 
a  1%  and  13%  difference  from  the  predicted  valu 
respectively. 

These  results  indicate  that  a  specific  pro 
erty  of  a  flakeboard  made  from  a  mixture  of  woo 
species  can  generally  be  predicted  from  data  fo 
individual  species.  Except  for  IB,  TS,  and  moT 
resistance,  the  predicted  values  were  within  10' 
using  the  rule  of  mixture. 


CONCLUSION  ■ 

These  conclusions  summarize  the  findings  o' 
the  evaluation  of  the  properties  and  durability 
of  copper-8-quinolinolate  (PQ-56)  and  didecyl- 
dimethyl -ammonium  chloride  (CWP-41)  treated  2-Bfljl 
flakeboard.  ! 

1.  The  acidic  preservative,  PQ-56,  at  a 
loading  rate  of  0.02  pcf  adversely  affects  flake- 
board quality. 

I 

2.  The  neutral  preservative,  CWP-41,  at  a 
loading  rate  of  0.30  pcf  does  not  greatly  affect 
flakeboard  quality. 

3.  Static  bending  strength  and  internal  bcis 
strength  of  flakeboards  are  wood  species  dependei' 

4.  Of  the  five  species  evaluated,  only 
sweetgum  flakeboards  had  the  best  weathering 
durabil ity. 

5.  Efficacy  of  the  PQ-56  preservative  at  a 
loading  of  0.02  pcf  was  demonstrated. 
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Table  1 .--Flakeboard  variables 


1/ 


Variable 


Level 


Flakeboard  density,'— 

A.  45  pcf 

B.  50  pcf 

Wood  species  (species  code) 

A.  Liquidambar  styraciflua   L. 
^weetgum  (S) 

B.  Pinus  taeda   L. 
Loblolly  pine  (P) 

C.  Quercus  falcata  Miahx. 
Southern  red  oak  (RO) 

D.  Quercus  alba   L. 
White  oak  (WO) 

E.  Carya   sp. 
Hickory,  true  (H) 

F.  Mixture  of  species  A  -  E 
(20%,  wt.  basis) 


Preservative  treatment 


3/ 


A.  Didecyl -dimethyl -ammonium 
chloride  (CWP-41) 

1.  0.20  pcf 

2.  0.30  pcf 

B.  Copper-8-quinolinolate  (PQ-56) 

1.  0.02  pcf 

2.  0.11  pcf 

C.  Control  (0  pcf) 

Six  boards  were  made  for  each  combination 
of  variables.  Three  replications  of  each  board 
type  were  used  for  unweathered  and  weathered 
board  analyses.  Consequently,  198  flakeboards 
were  processed. ^ 

J_/A11  unlisted  variables  were  set  at  levels 
based  on  commercial  processing  systems. 

2^/Boards  at  50  pcf  were  made  using  only 
hickory,  sweetgum,  and  pine  flakes. 

3^/Preservative  CWP-41  was  added  only  to 
flakeboards  at  a  density  of  50  pcf. 
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Table  2. --The  mechanical  and  physical  property  evaluations  of 
PQ-56  and  CWP-41  treated  flakeboards 


Exposure 


Unweathered 


Test-fence- 
weathered 


Test 


MOR  &  MOE 
TS 

In-plane 
crushing 

IB 

Termite 
Decay 
Mold 
IB 


Duration    Replications/Board-' 


1/ 


3,  6,  &  9  months 


]_/Six  boards  were  manufactured  for  each  set  of  variables 
(Tabfe  1).  Three  boards  were  used  in  the  testing  of  unex- 
posed test  specimens,  and  three  boards  were  used  for  the 
testing  of  exposed  test  specimens. 


Table  3.--Flakeboard  compaction  ratios,  pH,  and  buffering  effects 


1/ 


Species 

code^^ 

Speci 

fie  gr 

S 

0.49 

P 

0.51 

RO 

0.68 

WO 

0.74 

H 

0.76 

Compaction  ratio 


Buffering  effect 
pH    (pH/millimoles  NaOH) 


1.57 

5.1 

6.7 

1.51 

4.5 

2.1 

1.13 

4.9 

6.1 

1.04 

5.0 

5.3 

1.01 

5.6 

6.7 

]_/Wood  species'  specific  gravity  is  based  on  weight  when  ovendry  and  volume  at  12% 
moisture  content  (bark  excluded). 
1/See  table  1  for  species  code. 
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rajle  4.-- 
PQ-56) 

-Efficacy  of  copper-8- 
with   flakeboartlly 

quinolinolate 

:>iaiy 

Biological   agent 
lermi  te 

Mold 

_                                                              0  av^f^an^ 

F(98)2y 

1 

S   (86) 

H    (77) 

s!(97) 

R   (77) 

S   (68) 

R((93) 

RO   (74) 

RO    (64) 

W(l(86) 

WO   (52) 

P    (63) 

M65) 

i            1    /T-, 

>   -.  -l-mr> 

H    (45) 

WO    (50) 

(ctiVe  ingredient).     Flakeboard  density 
eiials  48  pcf.     Percentages  are  the  amounts 
ol improvement  of  treated  samples  compared 
t  untreated  control   samples. 

2/See  table  1    for  species  code 


Table  5. --Efficacy  of  didecyl -dimethyl -ammonium 
chloride   (CWP-41)   with  flakeboardly 


Decay 


Biological  _age^nt 
Termi te        ~ 


Mold 


S  (28)2y 
P  (23) 
H  (6) 


-Percent-- 
P  (68) 
S  (66) 
H  (-17) 


P  (38) 
S  (38) 
H  (14) 


J^/Treatment  level  equals  0.3~pcf  (actfve" 
i  ngred'ient).  Flakeboard  density  equals  52  pcf. 
Percentages  are  the  amounts  of  improvement  of 
treated  samples  compared  to  untreated  control 
sampl es. 

2/See  table  1  for  species  code. 


Table  6. --Rule  of  mixture  data  of  untreated  and  unweathered 
flakeboards  made  of  a  20  percent  mixture  of  five  wood 
species 


Value 


Property  Actual 

MOR,    psi  3420 

MOE,    103  psi  580 

IB,   psi  100 

C,  psi  1100 
TS,  %  33 

D,  %  19.4 
T,  7o  10. n 
M,   %  32.0 


Predicted 


3720 
590 
120 
1020 
25 
18.1 
10.1 
36.3 


"T/PTopeFty  code:   C  =  in-plane  crushing 

D  =  decay  resistance 

T  =  termite  resistance 

M  =  mold  resistance 


Di  fference 


Percent 

9 

2 
20 

7 
24 

7 

1 
13 
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Figure  1. --Internal  bond  strengths  of  unweathered 
PQ-56  treated  flakeboards  at  a  density  of  48 
pcf . 
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Figure  2. --Internal  bond  strengths  of  unweathere 
PQ-56  and  CWP-41  treated  flakeboards  at  a 
density  of  52  pcf. 
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Figure  3. --Flake  titration  curves, 


Figure  4. --In-plane  crushing  stress  of  unweatherei 
PQ-56  treated  flakeboards  at  a  density  of  48 
pcf. 
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Fijre  5. --In-plane  crushing  stress  of  unweatherecJ, 
p-56  and  CWP-41    treated  flakeboards  at  a  den- 
iity  of  53  pcf. 
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Figure  6. --Thickness  swell   values  of  unweathered, 
PQ-56  treated  flakeboards  at  a  density  of  43 
pcf. 
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Fgure  7. --Thickness  swell  values  of  unweathered, 
PQ-56  and  CWP-41  treated  flakeboards  at  a 
density  of  48  pcf. 


Figure  8. --Modulus  of  rupture  of  unweathered, 
PQ-56  treated  flakeboards  at  a  density  of  45 
pcf. 
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Figure  9. --Modulus  of  rupture  of  unweathered, 
PQ-56  and  CWP-41   treated  flakeboards  at  a  den- 
sity of  49  pcf. 
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Figure  11. --Modulus  of  elasticity  of  unweathered, 
PQ-56  and  CWP-41  treated  flakeboards  at  a 
density  of  49  pcf. 
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Figure  10. --Modulus  of  elasticity  of  unweathere(<ij 
PQ-56  treated  flakeboards  at  a  density  of  45 
pcf. 
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Figure  12. --Weight  losses  due  to  decay  by  Gloeo- 
phyllum  trdbeum  of  unweathered,   PQ-56  treated 
flakeboards  at  a  density  of  48  pcf.     Southern 
yellow  pine  control   blocks  had  19.3%  weight 
loss. 
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e  13. --Weight  losses  due  to  decay  by  Gloeo- 


p}\llum  trabewn  of  unweathered,   PQ-56  and  CWP-41 
trated  flakeboards  at  a  density  O'f  52  pcf. 
Sc'thern  yellow  pine  control   blocks  had  19.3% 
w€ght  loss. 
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itre  15. --Weight  losses  due  to  termite  attack  of 
ijweathered,   PQ-56  and  CWP-41   treated  flake- 
l|ards  at  a  density  of  52  pcf.     Southern  yellow 
ijne  control   blocks  had  13.1%  weight  loss. 
Hmerical    ratings  described  on  Figure  14. 
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Figure  14. --Weight  losses  due  to  termite  attack  of 
unweathered,  PQ-56  treated  flakeboards  at  a 
density  of  48  pcf.  Southern  yellow  pine  control 
blocks  had  13.1%  weight  loss.  Numerical  ratings 
are  average  values  based  on  visual  evaluation  of 
test  samples;  AWPA  Standard  Ml 2-72. 
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Figure  16. --Surface  coverage  due  to  mold  of  un- 
weathered,  PQ-56  treated  flakeboards  at  a 
density  of  48  pcf.     Southern  yellow  pine  control 
blocks  had  100%  coverage. 
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Figure  17. --Surface  coverage  due  to  mold  of 
unweathered,  PQ-56  and  CWP-41  treated  flake- 
boards  at  a  density  of  52  pcf.  Southern  yellow 
pine  control  blocks  had  100%  coverage. 
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Figure  18. --Internal  bond  strengths  of  test-fei?c| 
weathered,  untreated  sweetgum  flakeboards  atis( 
density  of  52   pcf. 


I 


n 


182 


RESEARCH  NEEDS  ON  DURABILITY  OF  STRUCTURAL  PANELSly 

by 

E.  W.  Price  and  R.  C.  Tangly 


The  development  of  structural  panels  has  taken  several  years  and  many 
individuals.  Durability  and  evaluation  techniques  are   still  a  major  concern 
of  the  industry,  scientists,  and  users.  The  concluding  session  of  the  Workshop 
on  Durability  of  Structural  Panels, October  5-7,  1982,  held  in  Pensacola,  Florida, 
and  sponsored  by  Southern  Forest  Experiment  Station  and  Auburn  University  was 
devoted  to  a  discussion  on  research  needs.  The  discussion  was  concluded  by 
obtaining  a  list  of  10  durability  problems  and  concerns  voiced  by  the  26 
participants.  Without  prioritization,  the  concerns  voiced  were: 

•  Real  life  performance  requirements  based  on  reliable  field  data  are 
wanting. 

•  Current  test  methods  are  not  adequate  to  predict  real  life  performance. 

*»  Products  are  or  will  be  marketed  that  will  not  last  for  the  expected 
service  1 ife. 

•  A  centralized  body  is  needed  to  coordinate  efforts  directed  towards 
the  understanding  of  durability  problems  and  lead  in  establishing 
standardization  for  test  procedures. 

•  An  analysis  to  determine  the  influence  of  major  degradation  factors, 
such  as  weathering,  biological  creep,  and  stress  rupture,  is  desired. 

•  Inconsistencies  in  product  qualification  procedures  exist. 

•  Information,  approaches,  and  solutions  to  durability  problems  or  other 
building  materials  should  be  more  effectively  utilized. 

•  The  user  is  not  properly  educated  about  the  correct  application  to 
obtain  maximum  product  performance. 

•  A  greater  participation  of  all  parties  (i.e.,  users,  producers, 
general  interest  groups)  is  required  in  addressing  the  durability 
problems. 

•  Short  term  test  methodology/approach  for  manufacturers  to  predict  long 
term  durability  behavior  of  products  is  insufficient. 


VSummary  of  the  discussion  session  at  Workshop  on  Durability  of  Panel 
Products,  Pensacola,  FL,  October  5-7,  1982. 

2/Authors  are  Principal  Wood  Scientist,  Southern  Forest  Experiment 
StatTon,  Forest  Service-USDA,  Pineville,  LA  71360,  and  Professor,  Department 
of  Forestry,  Auburn  University,  AL  36849. 
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The  use  of  trade  or  company  names  of  products  or  ser- 
vices in  these  Proceedings  is  for  the  benefit  of  the  reader. 
Such  use  does  not  constitute  an  endorsement  or  approval  of 
any  service  or  product  by  the  Conference  sponsors  to  the 
exclusion  of  others  that  may  be  suitable. 


Remarks  about  pesticides  and  fungicides  appear  in  some 
technical  papers  contained  in  these  Proceedings.  Publication 
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PREFACE 

This  volume  contains  107  papers  presented  at  the  Third  Biennial  Southern  Silvicultural  Research 
Conference  held  November  7-8,  1984,  in  Atlanta,  GA.   The  papers  are  organized  into  13  subject  matter  artj 
encompassing  the  broad  array  of  Interests  of  silvicultural  researchers.  * 

Initiated  in  1980  and  scheduled  in  even-numbered  years  therafter.  Southern  Silvicultural  Research 
Conferences  provide  a  forum  for  scientists  actively  engaged  in  silvicultural  research  to  report  their  i 
study  results,  to  present  new  concepts  and  techniques,  to  discuss  topics  of  mutual  interest,  to  coorditiu 
cooperative  efforts,  and  to  stay  current  on  developments  In  the  field.  Nonresearchers  have  found  the  C)| 
f erences  and  their  proceedings  to  be  valuable  sources  of  information  on  current  and  developing  trends  i  i' 
southern  silviculture.  They  have  contributed  significantly  to  the  success  of  the  conferences  through 
their  participation  in  discussions  and  their  informal  contacts  with  research  specialists. 

The  Third  Biennial  Conference  was  sponsored  by  the  Southern  and  Southeastern  Forest  Experiment 
Stations  of  the  USUA  Forest  Service,  the  Southern  Region  of  the  National  Association  of  Professional 
Forestry  Schools  and  Colleges,  and  the  Southern  Industrial  Forestry  Research  Council.   Representatives  ) 
these  organizations  who  served  on  the  Steering  Committee  are; 

John  W.  Henley,  Conference  Cochairman,  Soutliern  Forest  Experiment  Station, 
New  Orleans,  LA 

Gordon  D.  Lewis,  Conference  Cochairman,  Southeastern  Forest  Experiment 
Station,  Asheville,  NC 

Eugene  Shoulders,  Program  Chairman,  Southern  Forest  Experiment  Station, 
Pineville,  LA 

Gordon  R.  Condit,  Boise  Cascade  Company,  DeRidder,  LA 

Harvey  E.  Kennedy,  Jr.,  Southern  Forest  Experiment  Station,  Stoneville,  MS 

Rex  B.  McCullough,  Weyerhaeuser  Company,  Federal  Way,  WA 

James  W.  McMinn,  Southeastern  Forest  Experiment  Station,  Athens,  GA 

W.  Henry  McNab,  Southeastern  Forest  Experiment  Station,  Asheville,  NC 

David  Wm.  Smith,  Virginia  Polytechnic  Institute  and  State  University, 
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John  R.  Toliver,  Louisiana  State  University,  Baton  Rouge,  LA 

Special  thanks  are  extended  to  the  contributors  who  prepared  and  presented  the  research  papers,  a  • 
to  the  17  moderators  who  presided  over  topic  sessions  and  maintained  a  very  strict  time  schedule.   Tha 
also  go  to  others  who  submitted  abstracts  for  consideration  by  the  Program  Committee,  and  to  those  who 
attended  the  Conference  and  participated  in  the  discussions  of  the  presented  papers. 


Papers  have  been  published  in  this  Proceedings  as  they  were  submitted  by  the  authors — in  camera- 
ready  form.   Authors  are  responsible  for  the  content  and  accuracy  of  their  papers.   Printing  and  produ 
tion  were  supervised  by  the  Southern  Forest  Experiment  Station,  USDA  Forest  Service,  New  Orleans, 
Louisiana. 
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SEVERE  TOP  PRUNING  IMPROVES  WATER  OAK  SEEDLING  GROWTH^ 

2 

John  C.  Adams 


Abstract.   Two  pruning  and  one  leaf  stripping  treatments  were 
applied  to  a  uniform  group  of  water  oak  (Quercus  nigra  L.) 
seedlings.   The  purpose  was  to  evaluate  the  effect  of  the 
pruning  on  total  height  and  growth  of  the  seedling  following 
planting.   After  two  years,  the  pruned  treatment  had  not 
equaled  the  total  height  of  the  check  but  were  growing  at  a 
much  faster  rate  and  appeared  to  be  in  a  higher  state  of  vigor 
than  unpruned  seedlings.   New  growth  in  the  first  two  years 
was  52%  greater  in  the  pruned  seedlings  than  in  the  unpruned. 
Reduction  of  the  size  of  the  seedlings  by  pruning  was  noted  as 
advantageous  for  handling  ease. 


INTRODUCTION 

Water  oak  (Q.  nigra  L.)  plantation  establish- 
ent  in  the  lower  middle  South  has  been  rather 
rratic,  primarily  because  barerooted  seedlings 
re  slow  growing  initially  or  suffer  from  various 
Drms  of  dieback  resulting  in  a  poor  competitive 
asition  in  the  emerging  vegetation  (Adams  1983). 

The  use  of  bareroot  stock  is  desirable  for 
iny  planting  situations  but  without  the 
tablishment  of  vigorous,  actively  growing 
Jedlings,  the  plantation  concept  for  this  species 
IS  little  chance  for  success.   The  production  of 
Iter  oak  seedlings  in  the  nursery  is  relatively 
isy  and  inexpensive.   Often  1-0  seedlings  are 
ither  large  at  the  end  of  the  nursery  season  and 
lis  large  size  creates  two  different  problems. 
le  is  the  physical  handling  of  the  seedlings, 
specially  in  bundles  of  100  or  more,  and  two, 
le  root/shoot  ratio  may  exceed  an  optimum  for 
iximization  of  vigorous  early  growth  of  newly 
.anted  seedlings. 

Water  oak  is  a  good  mast  producer  for  wild- 
fe,  grows  fast  once  seedlings  are  well 
itablished,  and  produces  desirable  wood  products. 


Paper  presented  at  3rd  Biennial  Southern 
Ivicultural  Research  Conference,  Atlanta, 
orgia,  November  7-8,  198A . 


Dr.  John  C.  Adams,  Associate  Professor, 
hool  of  Forestry,  Louisiana  Tech  University, 
ston,  LA  71272. 


Because  the  species  is  versatile,  water  oak  is 
in  demand,  especially  for  the  small  forest 
landowner  or  farm  woodlot  owner  desiring  a  hard- 
wood timber  species  that  grows  well  and  is 
productive  for  wildlife. 

Small  plantation  plantings  usually 
involve  barerooted  stock  and  planting  with  a 
dibble  with  little  or  no  cultivation  following 
seedling  establishment.   Therefore,  the  newly 
planted  seedlings  must  establish  good  root/soil 
contact  and  produce  vigorous  growth  to  be 
competitive.   The  production  of  this  vigorous 
growth  in  many  cases  is  missing  and  to  counter 
the  effects  of  slow  initial  growth  and/or  die- 
back,  several  treatments  were  applied  to  a  group 
of  water  oak  seedlings  to  determine  a  better 
method  of  handling  and  planting  to  ensure  success 
with  a  minimum  of  problems. 


METHODS  AND  PROCEDURES 


In  January,  1982,  water  oak  seedlings 
were  obtained  from  the  Office  of  Forestry  nursery 
in  Columbia,  Louisiana.   Seedlings  were  sorted 
and  2A6  trees  approximately  uniform  in  size 
(root  and  shoot)  were  selected  for  the.<?tudy. 
These  were  planted  with  a  dibble  one  by  one 
meter  spacing  on  a  small  bottom  site  located  on 
the  Louisiana  Tech  University  Farm. 

The  planting  was  divided  into  ten  blocks 
with  four  treatments  per  block.   Each  treatment/ 
bJock  was  represented  by  six  trees.   Treatments 
were  pruning  to  2.5  cm,  pruning  one-half  of  the 
total  height,  stripping  all  the  leaves  and  a  check 
(no  pruning  or  stripping). 
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At  the  end  of  the  second  growing  season 
40  seedlings  (one  seedling  per  plot  per  repli- 
cation) were  excavated  for  root  development 
evaluations . 

Experimental  design  was  a  randomized 
block  and  analysis  was  performed  for  initial 
height,  first-  and  second-year  height  and  growth, 
and  root  growth.   Vigor  of  the  seedlings  was  also 
evaluated. 


RESULT  AND  DISCUSSION 


At  the  beginning  of  the  study, 
measurements  for  height  and  root  size  before 
application  of  the  treatments  indicated  that  the 
Initial  random  sample  was  statistically  equivalent. 
At  the  end  of  the  first  year  there  were  highly 
significant  (P  >  0.01)  differences  in  height. 
The  check  and  the  leaf  stripping  treatment  were 
different  from  the  two  pruning  treatments  by 
14.06  cm  or  24.75%  in  height  (Table  1).   However, 
when  new  growth  from  terminal  bud  or  from  point 
of  pruning  (an  advantageous  bud) is  considered, 
a  completely  different  picture  emerges.   The 
check  and  leaf  stripping  treatments  grew  11.53  cm 
and  6.21  cm,  respectively,  while  the  pruning  to 
2.5  cm  grew  39.51  cm  (70%  greater  than  the  check) 
and  pruning  half-height  grew  22.1  cm  (48%  greater 
than  the  check) . 

At  the  end  of  the  second  year,  the  same 
pattern  was  observed.  There  was  significant 
difference  (P  ■■  0.01)  in  height  between  the 


treatments  but  when  new  growth  is  considerd,  the 
perspective  of  seedling  height  completely  change  ' 
Both  the  pruning  treatments  had  32  cm  growth, 
whereas,  the  check  and  the  stripping  of  leaves   j 
grew  26  cm  or  an  18  percent  difference  in        ! 
growth  (Table  1) . 

In  the  first  two  growing  seasons,  total 
new  growth  was  37.9  cm,  71.9  cm,  54.1  cm,  and  j 
32.5  cm  for  the  check,  2.5  cm  prune,  half-height  [ 
prune,  and  leaf  stripping  respectively.  The  new. 
growth  observed  in  the  pruning  treatments  had  j 
larger  leaves  with  a  darker  green  color,  and  the  I 
plants  generally  appeared  to  be  in  a  higher  statu 
of  vigor  and  to  be  very  competitive.  The  check  j 
and  the  leaf  stripping  treatment  generally  appeal 
to  exhibit  transplant  shock  with  little  growth  ii 
the  first  season  and  an  obvious  lack  of  vigor  ir 
the  appearance  of  the  individual  plants. 


The  objective  of  this  study  was  to  determir 
the  effect  the  treatments  had  on  the  growth  of 
the  seedlings.   Therefore,  competition  from 
other  seedling  and  plants  was  kept  at  a  minimum 
and  no  data  on  survival  potential  of  the 
different  treatments  is  available.   However,  im 
several  earlier  plantation  establishments,  the 
low  vigor  associated  with  the  first  and  second 
years  of  plantation  life  has  resulted  in 
unacceptable  mortality  rates,  and  surviving  tveit 
were  very  slow  in  responding  to  the  competition 
of  natural  vegetation  (Adams  1983) .   Woessner 
(1972)  found  that  there  was  some  survival 
problems  when  he  root  and  shoot  pruned  and  then 
field  planted  in  an  area  of  low  summer  rainfall 
However,  Hammond  (1970)  and  Toliver  et  al.  (198 


Table  1.   First  and  second  year  height  and  growth  of  pruned 
and  unpruned  water  oak  seedlings. 


Treatment 


Initial    Height 
Height   1st  Season 


Height 
2nd  Season 


First  Year 
Growth 


Second  Year 
Growth 


Total 
Growth 


Check 


Prune  (1/2 
height) 


47.4 


Prune  (2.5  cm)   45.4 


45.9 


Strip  leaves    48.6 


cm 

58.9 
40.5 

45.1 
54.8^ 


A 


B 


cm 
85.3 
72.9 

77.1 
81.1^ 


A 


B 


cm 
11.5^ 
39.5^ 

22.1^ 
6.2^ 


26.4^ 
32.4^ 

A 

32.0 
26.3^ 


37.9 


71.9 


34.1 


32.5 


AB 


Means  with  the  same  letter  are  not  significantly  different. 


iound  no  significant  differences  in  various  root/ 
ihoot  pruning  treatments,  either  after  the  first 
ear  or  the  five  year  survival  counts . 

The  use  of  a  pruning  treatment  to  2.5  cm 
f  height  resulted  in  the  seedlings  growing  at  a 
ignificantly  higher  rate  than  that  of  the  check, 
irst-year  growth  was  30  percent  greater  than 
hat  of  the  check  and  at  the  end  of  the  second 
ear,  was  50  percent  greater  in  new  growth. 
Ithough  total  height  was  less  for  the  prune 
reatments,  the  vigor  and  speed  of  initial  growth 
hould  give  these  seedlings  a  competitive 
dvantage  over  those  in  a  low  state  of  vigor  and 
rowing  very  slowly. 

Observation  after  planting  and  applying 
he  treatments,  indicated  the  pruned  seedlings 
tarted  sprouting  as  soon  as  leaf  initiation 
38  observed  in  established  water  oak  trees. 
16  check  and  seedlings  with  leaves  removed  were 
Bveral  weeks  behind  in  growth  initiation  and 
rowth  was  slow.   The  early  growth  start  puts 
18  pruned  seedlings  in  a  competitive  position 
Dmpared  to  the  taller,  but  less  vigorous. 
Lower  growing  check.   Larson  (19  75)  presents  some 
/idence  that  indicates  a  similar  fast  leaf 
litiation  when  northern  red  oaks  seedlings  were 
jp  pruned  and  planted. 

Because  there  was  a  larger  difference 
1  growth  between  the  treatments,  root  systems 
:re  examined.   The  expectation  was  that  there 
)uld  be  a  root  size  difference  between  the  fast 
id  slow  growing  treatments.   However,  there  was 

statistical  difference  detected  for  root  dry 
Ight,  length,  or  width,  and  the  same  size  root 
stems  were  supporting  both  the  slow  growing 
d  fast  growing  groups  of  seedlings. 


Whether  or  not  the  fast  new  growth  will 
)ntinue  and  the  pruned  trees  exceed  the  unpruned 
i   size,  there  is  an  advantage  in  the  physical 
.ndling  of  the  oak  seedlings  when  they  are 
'uned.   Unlike  pine  seedlings  which  are  commonly 
.eked  1000  seedlings  per  bundle  or  bag,  oak 
: edlings  are  so  large  that  100  per  bundle  is 
i  connnon  practice.   Several  thousand  seedlings 
^e  difficult  to  handle  simply  because  of  the 
Ilk  involved.   Even  if  growth  differences  are 
It  considered,  the  advantage  of  handling  ease 
<   pruned  seedlings,  both  in  bundles  for  storage 
Id  in  the  field  for  planting,  is  considerable. 


pruned  trees.   The  new  growth  of  the  seedlings 
pruned  to  2.5  cm  was  52%  greater  than  the  unpruned 
trees. 

If  the  growth  slows  on  pruned  trees  and 
the  unpruned  start  growing  at  a  faster  rate,  then 
the  net  effect  will  be  a  product  about  the  same 
size.   However,  the  vigor  associated  with  the 
pruned  seedling  sprouts  may  increase  survival  and 
result  in  more  stems  per  acres.   If  growth  and 
survival  become  equal  over  time,  the  advantage 
of  less  bulk  and  weight,  plus  ease  of  planting, 
will  still  favor  the  use  of  the  pruning  techniques 
with  this  species. 
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CONCLUSIONS 


Pruning   the    top   of  water   oak  seedlings, 
<jther   to   2.5   cm  or   one-half   of    the  height, 
lisults   in  a  vigorous,    fast   growing  sprout.      The 
flrout  growth   did  not  exceed    the   unpruned   in 
ital  height  bat  was   much  more  vigorous   and 
sould  be   in  a  much  better   competitive   position 
i  relation   to  other   competiting  vegetation, 
tfr?  growth   after    two  years  was   44%   greater    for 


A  15-DAY  HYDROPONIC  SYSTEM  FOR  MEASURING 


ROOT  GROWTH  POTENTIAL- 


1/ 


Laura  E.  DeWald,  Peter  P.  Feret,  and  Richard  E.  Kreh- 


2/ 


Abstract. — Seedling  root  growth  potential  is  correlated 
with  field  performance.  A  standard  test  to  measure  this 
parameter  is  time  consuming  and  involves  some  special 
equipment.  This  study  describes  a  15-day  hydroponic  system 
developed  as  an  alternative  to  the  standard  24-day  soil  root 
growth  potential  test  system  for  measuring  loblolly  pine 
root  growth  potential.  The  hydroponic  system,  which  floats 
seedlings  on  top  of  water  in  fish  aquariums,  results  in 
fewer  numbers  of  new  roots  and  less  total  length  of  new 
roots.  However,  the  relative  root  growth  potential  results 
are  comparable  to  the  standard  24-day  soil  test.  The  15-day 
hydroponic  system,  a  viable  alternative  for  measuring 
loblolly  pine  root  growth  potential,  is  a  less  expensive, 
simpler,  and  faster  method  than  the  standard  soil  test 
system. 


INTRODUCTION 


Decreased  southern  pine  pi 
has  been  a  growing  concern   fo 
years.   Venator   (1981)   attr 
third  of   the  mortality  of 
seedlings   to  poor  stock  qua 
handling  procedures.    Seedl 
traditionally    been    evalu 
morphological   characteristic 
Wakeley  (1948),  which  are  used 
to  grade   the   seedlings, 
morphological   grades   do 
correlate   well   with   surv 
performance  (Ritchie  and  Dunl 
1948). 


antation  survival 
r  the  past  several 
ibutes  nearly  one 

newly  outplanted 
lity  and  improper 
ing  quality  has 
ated  by  the 
s   described   by 

in  many  nurseries 
However,    these 

not  necessarily 
ival  and  field 
ap  1980,   Wakeley 


The  initial  survival  of  transplanted 
seedlings  depends  largely  on  the  ability  of 
their  root  sytems  to  rapidly  replace  the  roots 
lost  during  transplanting  and  handling,  and  to 
regenerate  new  roots  to  re-establish  contact 
with  the  soil.  Stone  (1955)  was  the  first  to 
report  that   tree  seedlings  vary  widely   in  the 
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ability  to  regenerate  roots.    This  ability,  t  ^ 
seedling's  root  growth  potential   (RGP),   can  bdj 
used  as  a  measure  of   seedling  physiological  | 
quality   (Ritchie  and   Dunlap   1980)   and  it 
correlated  with   seedling   survival   and  fiel< 
performance  (Feret  et  al.    1984,   Sutton  1980 
Burdett  1979,  Stone  and  Norberg  1979,   Jenkinsoi 
1978,  Rhea  1977,  Stone  et  al.  1962,  Stone  1955) 

Th?  degree  to  which  a  seedling  possesses  thi 
ability  to  regenerate  roots  cannot  be  visuall 
determined  and  this  led  to   the  development  of 
test  by  Stone  (1955)  which  has  become  a  standar 
test   to  measure   seedling   RGP.    This  tes 
involves  removing  any  white   growing  tips  from 
sample  of  seedlings,    pruning  the  roots  to 
specified  length,   and  planting  the  seedlings  i 
an  environment  optimum  for   root  growth.   Afte 
20  to  30   days   the   seedlings  are  careful! 
excavated   and   their   new   root   growth   i 
quantified. 

Ritchie  and  Dunlap  (1980)   describe  a  need  t  j 
develop  a  faster  method  for  evaluating  seedlin 
RGP  than  this   standard  test   and  a  simple' 
testing  system  would  be  beneficial.    It  is  th  I 
objective  of   this  study  to  develop  a  simplex 
less  expensive,    and  quicker  test  to  evaluat 
loblolly  pine   (Pinus  taeda  L.)    root  growt  i 
potential. 


"Wi 


MATERIALS  AND  METHODS 


Two  RGP  testing  systems  were  used  in  the 
':udy.  A  system  similar  to  the  standard  test, 
lere  seedlings  were  grown  for  24  days  in  soil, 
(IS  compared  to  a  15-day  hydroponic  system.  The 
ledlings  used  in  this  study  were  1-0  loblolly 
jne  seedlings  grown  operationally  by  the 
'rginia  Division  of  Forestry  at  their  New  Kent 
Irsery,  Providence  Forge,  Virginia.  Samples  of 
!xty  seedlings  were  hand-lifted  from  the 
irsery  on  September  1,  19,  October  6,  25, 
Ivember  11,  22,  and  December  13,  1983,  and  on 
Jnuary  19,  February  2,  March  1,  13,  and  April 
ij  1984.  On  November  22  and  December  13,  1983, 
a[d  February  2,  1984  an  additional  240  seedlings 
vixe  hand-lifted,  placed  into  double  layered 
plyethylene  bags,  and  stored  at  0  C,  50  percent 
rlative  humidity  for  3,  6,  9,  and  12  weeks. 
Te  freshly  lifted  seedlings  on  the  three  cold 
sprage  lift  dates  were  used  as  a  zero  storage 
t^atment.  Following  each  lift  or  cold  storage 
t;atment,  the  seedlings  had  their  root  systems 
pined  to  12  cm  below  the  root  collar  and  any 
n;  white  growing  tips  were  removed.  Thirty 
s^dlings  each  were  then  placed  into  the  two  RGP 
t^t  systems. 

Fifteen  seedlings  were  grown  hydroponically 

iiitwo  replicate  37.8   liter  (10  gallon)   fish 

ailariums    in   a    greenhouse   at   Virginia 

P(iytechnic  Institute  and  State  University  for 

lljdays.    In  this   testing  system  the  seedlings 

Vte  suspended  in  tap-water  by  inserting  them  at 

tldr  root  collars  into  slots  cut  into  sytrofoam 

retangles,  and  then  these  styrofoam  pieces  were 

flated  on  top  of  the  water.   Air  was  bubbled 

iip  the  water  through  two  air  stones   in  each 

acjarium  using  diaphragm  air  pumps.   The  water 

tcperature  was   maintained  at   ambient   air 

teperature  (minimum  of  16°C  nights  and  up  to  27 

C  kys)   and  0.5   g   of   20-20-20   (nitrogen- 

phsphorus-potassium)   was  added   to  the  water 

(aproximately  13  ppm  final  concentration).   The 

ousides  of  the  aquariums  were   covered  with 

alfiinum  foil  to  prevent   sunlight  from  reaching 

ith'i  roots,   to  decrease  algae  growth  in  the 

:  acariums,   and   to  help  maintain  a   relatively 

ccstant  water  temperature.   The  seedlings  were 

giwn  under  a  16-hour  photoperiod  (mixture  of 

;«  girlux  and   cool  white   fluorescent   lights 

5;  swended   50  cm   above   the   tops  of   the 

1)  sejdlings) .   Additionally,  the  whole  system  was 

!  plted  under  30  percent   shade  cloth  to  help 

:',  naotain  more  constant   greenhouse   temperature 

((  «D  light  regimes. 

ihe  other  30  seedlings  for  each  lift  date  and 
col  storage  treatment  were  tested  in  a  standard 
te:  system  set  up  at  the  Reynolds  Research 
Ce;er  in  Critz,  Virginia.  Fifteen  seedlings 
we-  planted  into  two  replicate  46  X  10  X  41  cm 
(1  igth  X  width  X  height)   plexiglass  watertight 


trays  containing  Pro-Mix  BX  Premier  growth 
medium.  After  being  planted  the  seedlings  were 
well  watered,  allowed  to  drain  to  field 
capacity,  and  then  the  trays  were  stoppered  and 
emersed  in  water  baths  held  at  20  C.  The  water 
bath  temperature  was  maintained  with  heaters  (or 
cooling  units)  and  water  was  constantly 
circulated  around  the  trays  with  a  circulating 
water  pump.  The  air  temperature  was  maintained 
at  ambient  air  temperature  (15-27  C).  The 
seedlings  were  grown  under  a  16-hour 
photoperiod.  After  24  days  the  seedlings  were 
carefully  excavated  from  the  soil  and  their 
roots  were  washed  to  expose  the  new  white  root 
growth. 

After  the  15  days  of  hydroponic  growth  or  24 
days  of  growth  in  the  soil  system  the  RGP  of  the 
seedlings  was  quantified.  The  new  roots  are 
easily  distinguished  from  the  old  growth  by 
their  white  color,  and  lack  of  periderm  and 
secondary  thickening.  The  RGP  parameters 
measured  on  seedlings  from  both  systems  were: 

1.  Total  number  of  new  short  roots 

2.  Total  number  of  new  long  roots 

3.  Sum  of  the  lengths  of  the  new  long  roots 

A  short  root  was  a  new  root  with  a  length 
0.50-1.49  cm,  and  a  long  root  was  a  new  root  > 
1.50  cm  in  length.  All  lengths  were  measured  to 
the  nearest  centimeter.  RGP  was  then  expressed 
as  the  total  number  of  new  roots  (number  of  new 
short  +  number  of  new  long  roots)  and  as  the 
total  length  of  new  roots  (total  number  of  new 
short  roots  +  sums  of  the  lengths  of  the  new 
long  roots). 

The  fresh  lift  and  cold  storage  RGP  results 
were  analyzed  separately.  Analyses  of  variance 
and  regression  techniques  were  utilized  to 
compare  the  two  RGP  test  systems.  The 
experimental  design  was  a  randomized  complete 
block  design  with  the  test  systems  and  lift  date 
(and  cold  storage  durtlion)  the  factors  in  the 
analyses.  All  of  the  analyses  were  based  on 
plot  means  of  30  seedlings. 


RESULTS 


The  results  presented  in  this  paper  will  be 
those  relevant  to  the  comparisons  of  the  two  RGP 
testing  systems  only.  The  effects  of  time  of 
lift  and  cold  storage  on  the  RGP  will  not  be 
addressed  since  these  topics  are  outside  the 
scope  of  the  objectives  of  the  study. 

The  ranges  and  overall  mean  values  for  the 
total  number  and  total  length  of  new  roots  per 
seedling  from  the  lift  over  time  and  cold 
storage  experiments  for  both  systems  are  listed 
in  Table  1.  The  results  of  the  lift  over  time 
experiment  are  shown  in  Figures  1  and  2,  while 
the  cold  storage  results  for  each  cold  storage 
lift  date  are  illustrated  in  Figures  3  and  4. 


Table  1. — Range  and  mean  (n=30)  values  of  total  number  and  total  length 
of  new  roots  from  the  cold  storage  and  lift  over  time  experiments. 
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Figure  1, — Relationship  between  time  of  lift  and  mean  (n=30)  total  number  of 
new  roots  for  the  hydroponic  (a— a)  and  soil  (A--A)  root  growth 
potential  test  systems. 
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Figure   2. — Relationship   between   time  of   lift   and  mean    (n=30)    total    length  of 
new  roots   for   the  hydroponic    (□ — O )    and   soil    (A  —  a)    root   growth 
potential    test   systems. 
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Figure  4. — Effect  of  time  of  lift  and  cold 
storage  on  mean  (n=30)  total  new  root 
length  for  the  hydroponic  (D  —  D)  and 
soil  (A — A)  root  growth  potential  test 
systems. 


Each  point   in  these   four  figures   represents  a 
plot  mean  of  30  seedlings. 

The  figures  indicate  that  in  both  experiments 
number  and  length  of  new  roots  on  seedlings  from 
the  24-day  soil  test  was  always  greater  than  the 
comparable  value  from  the  hydroponic  system. 
The  figures  also  illustrate  that  generally,  when 
RGP  was  poor  it  was  poor  in  both  systems. 
However,  when  RGP  was  "good",  as  evidenced  by 
abundant  numbers  and  long  lengths  of  roots, 
there  was  a  greater  difference  in  the  absolute 
results  between  the  two  systems.  Despite  the. 
divergence  as  RGP  increases,  both  systems  show 
relatively  the  same  pattern  from  sample  point  to 
sample  point  as  shown  in  Figures  1  through  4. 

As  would  be  expected  after  examining  Figures 
1  and  2,  the  analyses  of  variance  for  the  lift 
over  time  experiment  indicated  that  the  RGP  test 
systems  differed  significantly  («  =0.01)  for 
both  mean  total  number  and  mean  total  length. 
This  was  true  for  the  cold  storage  experiment  as 
well;  both  mean  total  number  and  length  differed 
significantly  (a  =0.01)  for  each  of  the  three 
cold  storage  lift  dates  when  analyzed  separately 
or  together. 

The  correlation  and  Spearman  rank  correlation 
coefficients  between  the  two  test  systems  for 
both  experiments  are  listed  in  Table  2.  The 
relatively  low  and  nonsignificant  coefficients 
for  the  February  cold  storage  comparisons  are 
due  partially  to  the  fact  that  RGP  did  not  vary 
significantly  over  time  in  cold  storage. 


Table  2. — Coefficients  for  the  correlations  and 
Spearman  rank  correlations  between  the  hydroponic 
and  soil  RGP  test  systems  for  the  cold  storage 
and  time  of  lift  experiments. 
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Simple   linear   regressions   for  the  model 
Average  Total  Number  =  Bo  +  Bj (Time  of  Lift 
were  fit   separately  to  the  soil  system  (R^ 
0.42)   and  hydroponic  system  (R^  =  0.74)  dat 
sets,   and  the  test  for  different  slopes  betwee 
these  two   lines  was  not   significant  (a  =0.05) 
The  same  results  were  obtained  from  the  simpli^ 
linear  regressions  for  average  total  length  (I  ' 
=  0.42  for  the  soil  system,   R^  =  0.77  for  tl ;? 
hydroponic  system).    Since  there  were  only  f  i\  j 
points  per  regression  line  for  each  of  the  coll' 
storage  lift  dates,  the  test  for  parallel  slopo' 
was  conducted  on  the  data  pooled  from  all  thrH' 
lift  dates.   The  slopes  for  the  model:  Averajj 
Total  Number  =  Bo  +  Bj  (Storage  Duration)  did  n(  J 
differ  significantly  (  a=  0.05)  between  the  t\i 
test  systems  (soil  system  R^=  0.54,   hydropon::jl 
system  R  ^=  0.59)   Similar  results  were  obtaim^ij 
from  the  simple  linear  regressions  of  averai 
total   length  of  new  roots   (soil  system  R2  | 
0.37,  hydroponic  system  R2  =  0.56). 

In  addition,  analyses  of  variance  veJ 
conducted  for  the  lift  over  time  and  co:^ 
storage  experiments  where  total  number  of  n  ^ 
roots  from  the  hydroponic  system  was  compared  W 
the  total  number  of  long  roots  only  from  t  | 
soil  RGP  test  system.  The  results  of  thtl 
analysis  indicated  no  significant  differencnl 
between  the  two  systems  (a  =0.05).  F 


Finally,   a  nonparametric   signs  test  iP 
described  by  Conover  (1980)   was  conducted  if 
data  pooled  from  both  the  lift  over  time  it\ 
cold  storage  experiments.   This  test  examir ; 
the  pattern  between  successive  points  for  e; : 
RGP  system  and  tested  to  see  if  the  fact  tl  3 
RGP  increased  or  decreased  simultaneously  i 
both   systems  from  point  to  point  was   randi  i 
The  result  of  this  test  was  not  significant  :: 
both   average   to^al    number   and   leng  1 
Therefore,  the  interpretation  was  made  that  b  i 
systems  produced   similar  trends   from  sam 
point  to  sample  point,   and  the  similarity  (^ 
these  trends  was  not  random.  fl 


DISCUSSION 


Ritchie  and  Dunlap  (1980)   stress  that 
environmental  conditions  of  an  RGP  test 
substantially  influence  the  test  results.   Ti 
is  true  in  this  study  when  the  absolute  val  > 
between  the  standard  soil  test  and  hydropo  i' 
RGP  test  are  compared.   The  fact  that  RGP  '' 
always  greater  in  the  soil  system  was  i 
unexpected  since  the  seedlings  were  grown  foi 
additional  nine  days  in  the  soil   system, 
relationship  between  the  results  of  the 
systems  can  be  interpreted  from  the  compari i 
of  total  number  of  new   roots  in  the  hydropc  i 
system  to  the  total  number  of  new  long  re ) 
only  in  the  soil  system.   The  nonsignific' 
statistical  results  of  the  analyses  for  1' 


ejaeriments  suggests  that  the  roots  being 
iitiated  within  15  days  are  primarily  those 
vich  rapidly  elongate  the  following  nine  days. 
T;se  roots,  therefore,  produce  most  of  the 
t:al  new  root  length  measured  in  the  soil 
SJtem.  This  elongation  in  the  additional  nine 
dj/s  of  the  soil  test  also  explains  why  the 
deferences  are  greater  between  the  two  systems 
wan  RGP  is  high. 


contributed   to   differences   in 
between  the  two  systems. 


RGP  changes 


Despite  the  differences  in  absolute  RGP 
ues  measured  from  the  two  systems,  relative 
ults  from  both  experiments  support  the 
Vi,  idity  of  the  hydroponic  system  for  measuring 
lililolly  pine  seedling  RGP.  When  RGP  was  poor, 
illwas  generally  poor  in  both  systems.  As  RGP 
iireased,  it  increased  in  both  systems,  but  to 
a  greater  extent  in  the  soil  system.  As 
piiviously  mentioned,  this  greater  difference 
wljn  RGP  is  high  is  probably  primarily  due  to 
tl  extra  nine  days  of  growth  in  the  soil 
SJtem.  However,  another  contributing  factor 
c(|ld  be  that  the  hydroponic  system  is  less 
ftlorable  for  growth.  Lorio  et  al.  (1972) 
rtprted  that  the  root  systems  of  mature 
Icjlolly  pine  trees  were  sensitive  to 
wijerlogging  and  produced  fewer  fibious  roots  in 
thise  soils.  Whether  this  is  true  for  loblolly 
pie  seedlings  in  aerated  hydroponic  systems  is 
uimown.  However,  even  if  there  is  some  slight 
deression  of  RGP  in  the  hydroponic  test,  this 
syitem  can  still  be  used  if  the  same  relative 
relilts  are  achieved  in  both  tests,  which  was 
tre  for  the  data  in  this  study. 
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.he  pattern  of  RGP  changes  from  sample  date 
toiample  date  is  similar  in  both  systems  for 
boi  experiments.  This  is  visually  evident  in 
Fiires  1  through  4  and  is  supported 
Bt;istically  by  the  lack  of  statistical 
sijiif icance  in  the  signs  analysis.  The  major 
''li|[erences  in  relative  results  between  the  two 
'sy-'ems  occurred  primarily  in  late  April  and 
During  this  time  of  year  the  growth 
TOnments  in  the  test  systems  were  becoming 
'jn:|vorable  for  overall  seedling  growth, 
_  icularly  for  the  soil  system.  Air 
"tetjeratures  of  the  greenhouses  were  relatively 
'^liti  causing  transpirat  ional  losses  in  the 
•"seijlings  before  new  root  growth  began.  This 
'♦aiitrue  even  in  the  hydroponic  system  and  was 
t^-ilvient  by  decreased  turgor  in  the  shoots, 
ssful  temperature  conditions  were  not  always 
onn  between  the  test  systems  (sunny,  hot 
in  Critz  coinciding  with  cloudy,  cooler 
in   Blacksburg)    and   this   probably 
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Despite  statistical  differences  in  the 
absolute  RGP  results  between  the  two  test 
systems,  the  relative  RGP  results  are 
comparable.  Therefore,  it  appears  that  the 
15-day  hydroponic  system  is  a  viable  alternative 
to  the  standard  24-day  soil  system.  The 
hydroponic  system  has  several  advantages  over 
the  soil  system.  The  hydroponic  system  avoids 
losses  in  precision  due  to  breakage  and  loss  of 
new  foots  which  can  occur  during  the  excavation 
of  the  seedlings  from  the  soil  system.  Results 
can  also  be  obtained  nine  days  sooner  with  the 
hydroponic  system.  Less  time  is  needed  putting 
the  seedlings  in  and  getting  them  out  of  the 
hydroponic  system.  For  a  sample  of  30 
seedlings,  this  takes  only  15  minutes  for  the 
hydroponic  system  but  requires  one  hour  for  the 
soil  system.  Additionally,  less  space  is 
required  for  the  hydroponic  system.  Up  to  90 
seedlings  can  be  tested  in  one  37.8  (10  gallon) 
aquarium  which  can  easily  be  set  up  on  a  desk. 
This  is  in  contrast  to  the  tray  and  waterbath 
space  needed  for  90  seedlings  in  the  soil  test 
system. 

Finally,  the  hydroponic  system  is  simpler  and 
less  expensive  to  establish.  Most  of  the 
supplies  can  be  obtained  from  a  hobby  or  pet 
shop,  and  the  initial  cost  per  aquarium  (based 
on  60  seedlings  per  aquarium)  is  less  than  10 
dollars.  This  is  significantly  less  expensive 
than  the  soil  system  which  costs  over  three 
hundred  dollars  per  15  seedlings  to  establish. 
Once  the  test  systems  are  established  the  cost 
of  the  growth  medium  causes  greater  expense  for 
the  soil  system,  and  the  costs  incurred  by  the 
longer  duration  of  the  soil  test  and  additional 
time  required  to  plant  the  seedlings  and 
excavate  them  are  also  higher  for  the  soil 
system. 


CONCLUSIONS 


The  results  of  this  experiment  indicate  that 
the  hydroponic  system  described  in  this  paper 
can  be  used  to  measure  loblolly  pine  RGP.  It  is 
a  simpler,  less  expensive,  and  faster  test  than 
the  standard  soil  RGP  test  system.  Although 
fewer  numbers  and  less  total  length  of  new  roots 
are  measured  in  the  hydroponic  system, 
comparable  relative  RGP  results  with  the  soil 
system  are  obtained.  As  long  as  test  conditions 
are  favorable  for  root  and  shoot  growth,  and 
these  conditions  are  relatively  constant,  any 
differences  in  relative  RGP  responses  between 
the  two  systems  should  be  minimal.  The 
disadvantage  of  the  occasional  discrepancies 
between  the  relative  results  of  the  two  systems 
is  outweighed  by  the  many  advantages  of  the 
hydroponic  system. 
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ROOT  WRENCHING  AND  TOP  PRUNING  EFFECTS  ON 


1/ 


LOBLOLLY  PINE  NURHFRY  SEEnLING  DEVELOPMKMT- 

2/ 

A.  E.  Miller,  R.  W.  Pose,  and  K.  F.  Ray^' 


Abstract. — Loblolly  pine  (Finus  tneda  L.)  seedlings 
growing  in  nursery  beds  were  left  undisturbed,  wrenched  once 
in  November,  or  wrenched  once  a  month  for  1,  2,  and  3  months 
consecutively  before  wrenching  in  November.   Soil  bulk  density 
and  seedling  morphology  were  determined  during  the  first  week 
of  August,  September,  October,  November,  and  December.   Seed- 
ling starch  and  nutrient  content  were  also  measured.   A  final 
measurement  was  made  during  mid-month  lifting  in  January  and 
Included  determination  of  root  growth  potential.   Soil  bulk 
density  in  the  seedbeds  dec]inpd  as  wrenching  frequency 
increased.   Seedling  height  and  diameter  growth  were  sipnifi- 
cantly  reduced  by  wrenching  compared  with  untreated  seedlings. 
Foot  starch  was  significantly  lower  in  wrenched  seedlings  but 
did  not  differ  with  wrenching  frequency.   There  were  no  differ- 
ences in  nutrient  content  or  root  growth  potential  among  any 
treatments.   Overall,  the  results  show  that  wrenching  reduced 
seedling  growth  and  starch  content  without  altering  nutrient 
content  and  root  growth  potential.   Outplnnting  survival  and 
growth  will  be  examined  after  completion  of  a  year's  growth. 


'  INTRODUCTION 

A  variety  of  cultural  practices  are  used  in 
ioist  tree  nurseries.   Two  common  cultural  tech- 
lices  used  in  the  southeast  are  root  wrenching 
inctop  pruning,  which  alter  seedling  morphology 
mcbiomass  distribution.   Wrenching  involves 
lafing  a  tilted  blade  under  the  seedbed  to 
ie\r  seedling  roots  and  aerate  the  soil.   The 
^ntndcd  effects  are  to  slow  seedling  height 
!rcth,  stimulate  lateral  root  development,  and 
ittin  better  balance  between  shoots  and  roots, 
'oppruning  involves  reducing  seedling  heights 
ly  Jtting  their  shoots,  thereby  altering  the 
.nfjence  of  apical  bud  activity  on  seedling 
levlopment  and  reducing  differences  in  height 
:auifed  by  variation  in  the  seedbed.   Both  of 
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these  cultural  techniques  are  intended  to 
promote  development  of  seedlings  that  provide 
Improved  survival  and  growth  when  outplanted  in 
the  field. 

Variations  in  final  seedling  size  have  been 
used  to  grade  planting  stock  for  quality  CWakeley 
1954).   Height,  diameter,  or  shoot-root  ratio 
have  historically  been  used  as  standards  due  to 
their  ease  of  measurement.   However,  the  use  of 
morphological  characteristics  to  judge  a  seed- 
ling's capacity  to  survive  and  grow  once  it  has 
been  outplanted  has  been  questioned  for  some 
time  (Wakeley  1971).   Variable  sur</ival  and 
periodic  planting  failures  all  attest  to  the 
fallibility  of  morphological  grades  and  suggest 
that  internal  physiological  factors  may  also 
control  growth.   Seedling  physiological  quality 
may  be  measured  by  root  growth  after  planting, 
but  it  cannot  be  predicted  visually. 

Numerous  studies  have  shown  that  reductions 
in  seedling  size  and  growth  occur  after  wrenching 
in  seedbeds,  but  results  are  often  mixed  when 
compared  to  outplanting  performance.   Duryea  and 
I-avender  (1982)  and  Stein  (1984)  found  reductions 
in  size  and  weight  of  wrenched  Douglas-fir 
(Pseudotsuga  menziesli  [Mirb.]  Franco)  nursery 
seedlings,  but  survival  and  growth  were  not 
improved  after  outplanting.   Others  (Tanaka  et 
al.  1976,  Koon  and  O'Dell  1977,  van  den  Driessche 
1983)  observed  similar  morphological  changer,  in 
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wrenched  Douglas-fir  which  did  show  improved 
fie]d  survival  and  growth.   Shoulders  (1963) 
found  that  wrenching  reduced  the  size  of  loblolly 
pine  (P^.  taeda  L.)  and  slash  pine  (_P.  elllotti 
Engelm.)  nursery  seedlings  without  improving 
field  survival,  while  wrenched  longleaf  pine 
(_P.  palustris  Mill.)  had  better  survival  than 
nonwrenched  seedlings.   Rook  (1971)  and 
van  Dorsser  and  Rook  (1971)  reported  wrenching 
Monterey  pine  (P^.  radlata  D.  Don)  nursery 
seedlings  reduces  their  shoot  growth,  produces  a 
compact  mass  of  fibrous  roots,  results  in  a  low 
shoot/root  ratio,  and  improves  field  survival. 
This  study  reports  the  effects  of  root  wrenching 
and  top  clipping  on  the  size,  nutrient  and 
starch  content,  and  root  growth  potential  of 
loblolly  pine  planting  stock  at  lifting. 


MATERIALS  AND  METHODS 

Loblolly  pine  seed  from  Charleston  County 
in  the  South  Carolina  coastal  plain  were  sown  in 
beds  at  the  Westvaco  Corporation  nursery  in 
Pavenel,  South  Carolina.   The  soil  in  the 
nursery  is  a  Wagram  loamy  fine  sand  moderately 
low  in  pH,  organic  matter,  and  inherent 
fertility.   The  subsoil  is  loamy  with  moderate 
water  permeability,  while  the  surface  soil 
exhibits  rapid  infiltration  and  is  well  aerated. 
All  nursery  beds  were  sown  in  early  April,  1983, 
at  a  seed  density  which  produced  an  average  of 
30  (±5)  seedlings  per  square  foot  at  the  end  of 
the  growing  season  in  January.   Routine  nursery 
cultural  practices  were  applied  to  the  beds  used 
for  this  study  during  the  rest  of  the  growing 
season. 

An  area  having  six  nursery  beds  was  randomly 
selected  during  mid- June.   The  two  beds  in  the 
middle  of  the  selected  location  were  separated 
by  an  irrigation  pipe  with  sprinklers  and  were 
excluded  from  the  study.   Four  beds,  two  located 
on  each  side  of  the  two  excluded  beds,  were 
divided  into  five  forty-foot  long  plots  separated 
by  ten-foot  long  bed  sections  serving  as  buffer 
strips.   Later  in  this  study,  seedlings  in  two 
of  these  four  beds  showed  disease  symptoms  that 
were  suggestive  of  Pythium  spp.  infection^,^  The 
entire  experiment  was  treated  with  Subdue   to 
alleviate  the  disease,  but  this  chemical  seemed 
to  have  a  minimal  effect.   The  symptoms  were 
confined  to  beds  three  and  four,  which  are 
included  in  the  analysis. 

Treatments 


Narrow  trenches  were  dug  across  the  bed  in  thf  j 
buffer  strip  on  both  ends  of  a  plot  to  insert  :' 
vindercutting  blade  to  a  depth  of  7-8  inches  be  l' 
the  bed  surface.   The  blade  raised  the  bed 
surface  and  seedlings  about  one  inch  as  it  was 
pulled  through  the  soil  ,  leaving  cracks  in  the 
soil  surface.   Following  wrenching,  the  buffei 
area  trenches  were  filled  with  soil  and  the 
study  area  was  irrigated  for  30  minutes  to 
reduce  severe  wilting. 

Each  wrenching  treatment  plot  was  dividecn 
further  into  three  ]  3-foot  long  subplots,  and'; 
top-clipping  treatment  was  applied  to  each 
subplot.   A  subplot  was  top-clipped  only  once, 
Clipping  was  applied  mid-month  about  two  week< 
after  wrenching  during  August,  September,  and 
October.   Top  clipping  was  done  with  a  bushhoj 
a  7-8  inch  height  above  the  bed  surface  in  Au^  i 
and  September  and  a  9-10  inch  height  in  Octohf  : 

Measurements 

f 

Five  seedlings  were  lifted  from,  the  mldd] ! 
area  of  each  subplot  in  August,  September, 
October,  November,  1983,  and  January,  1984.    i 
These  samples  represented  seedling  condition  ci 
month  after  a  wrenching  treatment  and  were    , 
collected  the  day  a  new  wrenching  treatment  vi4 
scheduled  except  for  January  when  lifting  was  i 
mid-month.   Lifting  was  accomplished  by  shove" 
a  ball  of  sod  containing  seedlings  into  a 
water-filled  bucket.   Undamaged  roots  were  eas ^ 
freed  from  the  sod  after  soaking,  and  five 
visually  representative  seedlings  were  select*! 
and  placed  in  a  previously  labeled  ziplock 
sandwich  bag.   The  bags  were  put  in  an  ice-coc  I 
chest  for  transport  to  the  laboratory.   All 
seedling  samples  were  placed  in  a  laboratory 
freezer.   The  frozen  bags  were  removed  for 
seedling  measurements  which  were  routinely 
completed  within  a  three-week  period. 


In  addition,  one  soil  core  sample  was 
removed  from  each  subplot  for  bulk  density 
measurement  during  all  sample  months  except 
January.   The  soil  bulk  density  core  sampler 
(Soil  Test  ■)  used  removed  a  200  cc  volume.  "  i 
sample  was  placed  in  an  airtight  tin  and  brou(  i 
to  the  laboratory.   In  the  laboratory,  soil 
samples  were  dried  at  105°C  for  5  days  in  a 
forced  air  oven  and  then  weighed.   Bulk  densit  / 
was  calculated  in  grams  per  cc.   The  November 
bulk  density  samples  were  also  analyzed  for 
percent  sand,  silt  and  clay  by  the  pipet  soil 
texture  method  (Bauer  et  al.  1972). 


i      I:. 


Five  wrenching  treatments  were  applied  in 
each  nursery  bed.   Plots  in  each  bed  were 
randomly  assigned  one  of  the  following  treat- 
ments:  (1)  no  wrenching;  (2)  wrenching  once  in 
November;  and  wrenching  once  each  month  in  (3) 
October  and  November,  (4)  September,  October, 
and  November,  and  (5)  August,  September, 
October,  and  November.   All  wrenching  treatments 
were  applied  in  the  afternoon  near  the  first  day 
of  each  month  using  a  sharpened  half -inch  thick, 
5-inch  wide  steel  blade  pulled  behind  a  tractor. 


Each  seedling  was  measured  for  height  aiK 
caliper  and  then  separated  into  needles,  stem; 
taproot  and  lateral  roots.   Dry  weight  of 
separated  seedling  parts  was  determined  after 
48  hours  drying  at  SO'C  in  a  forced  air  oven  ; '[ 
weighed  using  a  laboratory  balance. 

Following  drying  and  weighing,  separated 
seedling  parts  from  the  5  seedlings  in  each 
subplot  were  combined  into  one  composite  samp]-, 
and  then  ground  to  pass  through  a  40-mesh  scrt ' 
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i  a  Wiley  Mill.   Each  sample  was  then  placed  in 
alabeled  plastic  ziplock  bag  and  stored  frozen 
fir  later  analysis  of  nutrients  and  starch. 


Ground  needle  tissue  was  examined  for  N,  P, 
Ca,  and  Mp  nutrient  content  at  Westvaco's 
LI  and  Tissue  testing  laboratory  using 
ndard  analysis  techniques.   Taproots  and 
;eral  root  tissues  were  analyzed  separately 

percent  starch  by  the  enzymatic  method 
scribed  by  Haissig  and  Dickson  (1976). 


An  additional  twenty  seedlings  were  col- 
ted  during  the  January  lifting  for  root 
gn.'th  potential  (RGP)  measurements.   Five 
s  idlings  from  each  subplot  were  lifted  as 
piviously  described  except  that  they  were 
b'lidled  together  and  placed  in  a  Kraft  paper 
b.L   The  bag  was  placed  in  cold  storage  at  2°C 
(;[°)  for  later  use.   One  m.onth  later,  these 
sidllrgs  were  prepared  for  RGP  determination  as 
dicribed  by  Ritchie  and  Dunlap  (1980).   By  this 
miihod,  all  white,  unsuberized  root  tips  were 
riiioved  from  the  seedlings  before  potting  them 
iia  3-liter  container  using  builders  sand.   One 
siidling  from  each  treatment  combination  and  bed 
Wii  used,  giving  four  seedlings  per  pot.   There 
W(|e  three  replications  containing  a  total  of 
1!]  pots.   Following  a  30-day  period  of  growth 
ai20°C  with  a  14-hour  daylength  and 
3'  ergs/cm/sec  of  light  from  fluorescent  bulbs, 
tl  seedlings  were  removed  from  the  pots  and 
t!  ir  roots  washed  free  of  sand.   All  new  white, 
uiluberlzed  root  tips  greater  than  0.5  cm  in 
lijgth  were  counted.   The  counts  were  used  as 
tl  RGP  measurement. 
I 

Data  Analysis 

The  design  for  Analysis  of  Variance  was  a 
sjit  plot,  randomized  complete  block.   The  four 
T>i;sery  beds  served  as  blocks.   The  five 
wiinching  treatments  were  whole-plots  and  the 
diec  top  pruning  treatments  were  split  plots. 
M(ns  for  significant  treatment  effects  were 
ccpared  using  the  least  significant  difference 
picedure.   The  0.05  level  of  significance  was 
uf-d  in  all  statistical  tests  in  this  study. 
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Figure  1.   Soil  bulk  density  one  month  following 
application  of  the  final  wrenching  in  November, 


Soil  bulk  density  of  unwrenched  plots 
appeared  to  become  unfavorable  for  root  growth  as 
time  progressed.   In  this  study,  a  large  amount 
of  the  seedling  root  system  tended  to  originate 
from  a  whorl  of  lateral  roots  fornicd  at  the  top 
of  the  taproot.   These  roots  grew  mostly  near  the 
bed  surface  and  "matted"  with  adjacent  seedling 
roots.   Substantial  reductions  in  root  growth  of 
pot-grown  loblolly  pine  seedlings  have  been 
attributed  to  insufficient  aeration  and  greater 
root  mechanical  impedance  as  bulk  density  nears 
1.4  g/cc  (Foil  and  Ralston  1967,  Mitchell  et  al. 
1982).   It  is  questionable  if  a  reduction  in  soil 
bulk  density  was  accompanied  by  increased  rooting 
at  lower  soil  depths  in  this  study. 


RESU7.TS  AND  DISCUSSION 


Soil  Bulk  Density 


Seedbed  soil  bulk  density  was  significantly 
r€uced  by  the  wrenching  treatments  (Figure  1). 
Bik  density  averaged  1.18  g/cc  among  all  plots 
IrJuly  before  wrenching  treatments  began.   By 
■December,  bulk  density  values  reflected  wrenching 
■  fifluency.   The  lowest  average  soil  bulk  density, 
1.2  g/cc,  occurred  in  plots  wrenched  four  times. 
■■Pits  that  were  not  wrenched  showed  gradual 
''■irjreases  in  bulk  density  up  to  l.AO  g/cc  by 
Dcember.   Textural  analysis  of  the  upper  7  cm 
of  bed  surface  was  86,  9,  and  5  percent  sand, 
i^sllt,  and  clay,  respectively.   No  statistical 
;;  differences  in  texture  components  occurred  among 
'pits  in  this  study. 


Seedling  Morphology 

Seedling  morphological  features  were 
generally  reduced  by  wrenching  (Figure  2).   Both 
total  seedling  dry  weight  and  diameter  v;ere 
reduced  significantly  by  wrenching,  but  no 
consistent  continued  declines  were  associated 
with  wrenching  frequency.   Seedlings  wrenched 
two,  three,  and  four  times  had  significantly 
smaller  shoot/root  ratios  than  those  that  were 
not  wrenched  or  wrenched  only  once  in  November. 
Final  height  in  January  was  significantly 
reduced  as  the  frequency  of  wrenching  increased, 
even  though  all  wrenching  treatments  had  been 
top  pruned  by  November.   However,  lack  of  a 
significant  interaction  between  top  pruning  and 
wrenching  in  this  study  suggests  final  height 
was  influenced  more  by  wrenching  than  by  time  of 
top  pruning. 
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Figure  2. — Average  height,  dry  weight,  diameter,  and  shoot/root  ratio 
of  loblolly  pine  nursery  seedlings  in  January  by  wrench  treatment. 


Top  pruning  did  not  significantly  affect 
seedling  height,  diameter  or  shoot-root  ratio 
CTable  1).   Total  dry  weight  of  seedlings  top 
pruned  in  October  was  significantly  less  than 
seedlings  top  pruned  in  August.   Top  pruning  in 
October  removed  more  shoot  than  in  August  and 
September;  and  coupled  with  the  onset  of  n 
decline  in  vegetative  growth  during  winter, 
probably  caused  the  reduced  total  dry  weight  of 
seedlingF  in  January. 

Table  1.   Morphological  characteristics  of 
Janur.ry  lifted  loblolly  pine  seedlings  for 
three  top  pruning  treatments. 


Seedling  Measurement 

Time 

of  Top 

Clipping 

Height 

Diameter 

Total 

Dry 

Weight 

Shoot/ 

Root 
Ratio 

August 

September 

October 

— cm — 

23.07 
22.98 
21.99 

mm 

4.15 
4.12 
3.88 

— gm — 

3.58 
3.49 
3.09 

2.40 
2.41 
2.19 

Reductions  in  seedling  size  Jn  this  study 
provide  evidence  that  wrenching  temporarily  slou 
seedling  growth  in  the  seedbed.  Reduc-  tions  li  I 
seedling  size  after  wrenching  are  consistent  wi' t| 
findings  by  other  investigators  (Rook  1971, 
van  Dorsser  and  Rook  1972,  Koon  and  O'Dell  1977  f 
Tanaka  et  al.  1975,  vaa  den  Driessche  1983,  Ste:(| 
1984).  Seedlings  in  each  treatment  have  been  j 
field  planted  and  their  survival  capacity  will  \-\ 
measured  after  completion  of  one  year's  growth. 

Seedling  Physiology 

Monthly  increases  in  starch  concentration 
were  low  as  the  growing  season  progressed.   By 
December,  one  month  after  application  of  the 
final  wrenching,  total  root  starch  showed  no 
significant  difference  among  wrenching  treat- 
m.ents  and  averaged  9.4  percent  (Figure  3).   A 
large  Increase  in  starch  content  occurred  in 
early  winter  between  December  and  January.   In 
January,  total  root  starch  was  highest  in  the 
unwrenched  seedlings,  while  wrenched  seedlings 
generally  showed  reduce  total  root  starch. 
Reduced  starch  contents  were  not  significantly 
related  to  wrenching  frequency. 
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Fiure  3.   Root  starch  content  of  December  and 
knuary  lifted  loblolly  pine  nursery  seedlings 
r   wrench  treatment. 


Rook  (1971)  found  that  P^.  radiata  seedlings 
rfriched  four  times  had  higher  total  soluble 
^u.irs  and  starch  concentrations  than  seedlings 
Chj  were  not  wrenched  as  frequently.   In  this 
?ti',y,  loblolly  pine  starch  levels  were  lowered 
jy .'ranching.   Unlike  Rook's  (1971)  results,  the 
loifwrenched  loblolly  pine  seedlings  had  the 
lis  est  starch  levels. 

Seedling  nutrient  content  did  not  differ 
slj'ificantly  with  wrenching  frequency  or  top 
>n|ing  treatments  (Figure  4).   However,  total 
litlogen  and  potassium  content  did  show  declines 
^iti",  time  that  are  probably  associated  with 
Wiling  growth  (Figure  5).   Calcium  and 
ihcphorus  content  of  all  seedlings  remained 
reltively  constant  for  the  study  period.   These 
•eslts  show  that  in  the  absence  of  fertilizer 
ipF^cations,  nutrient  content  can  be  expected  to 
"eirin  similar  among  root  wrenching  and  top 
:li?ing  treatments  as  applied  in  this  study. 

Root  grov/th  potential  of  seedlings  lifted 
n  [jnuary  was  not  significantly  affected  by  any 
if  le  wrenching  and  top  pruning  treatments 
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Figure  4.   Nutrient  content  of  January  lifted 
loblolly  pine  nursery  seedlings  for  all  wrench 
treatments. 
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Figure  5.   Average  monthly  nutrient  content  of 
loblolly  pine  nursery  seedlings  for  all  wrench 
treatments. 
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(Figure  6).   The  RGP  data  showed  large 
between-seedling  variation.   Within  a  given 
wrench  or  top  pruning  treatment ,  the  number  of 
new  root  tips  on  any  one  seedling  generally 
ranged  from  zero  to  sixty!   Clearly,  the 
wrenching  and  top  pruning  treatment  effects  were 
not  strong  enough  to  cause  a  consistent  seedling 
response.   Absence  of  a  clearly  dominant  apical 
bud  due  to  top  pruning  may  have  contributed  to 
the  lack  of  RGP  relationships,  but  differences 
between  top  pruned  and  unpruned  seedlings  were 
not  examined  in  this  study.   Starch  levels  of 
January  lifted  seedlings  were  also  unrelated  to 
RGP,  as  were  all  seedling  morphological  features. 
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Figure  6.   Root  growth  potential  of  loblolly 
pine  nursery  seedlings  by  wrench  treatment. 


CONCLUSIONS 

Wrenching  significantly  decreased  soil  bulk 
density  and  generally  slowed  seedling  growth  in 
the  nursery  seedbeds.   Height,  diameter  and  total 
dry  weight  of  wrenched  seedlings  were  less  than 
unwrenched  seedlings.   Wrenching  also  signifi- 
cantly reduced  root  starch  content,  but  there  was 
no  correlation  between  starch  content  and 
wrenching  frequency.   Wrenching  did  not  cause 
differences  in  seedling  nutrient  content  or  root 
growth  potential.   Top  pruning  does  not  appear  to 
have  any  affect  on  seedling  development  or  starch 
and  nutrient  content  when  applied  during  the  late 
stages  of  seedling  growth. 
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ROOT  GROWTH  POTENTIAL  OF  STORFD 


LOBLOLLY  PINE  SEEDLINGS- 


1/ 


2/ 


Peter  P.  Feret,  Richard  E.  Kreh,  and  Laura  E.  DeWald— 


Abstract. — Two  experiments  were  conducted  to  evaluate 
changes  in  loblolly  pine  (Pinus  taeda  L.)  root  growth  poten- 
tial (RGP)  over  time  in  storage.   In  Experiment  I  RGP  changed 
with  both  time  and  storage  temperature  and  was  related  to 
first-year  field  performance.   In  Experiment  II  RGP  of  stored 
loblolly  pine  seedlings  fell  quickly  to  near  zero  and  then 
rebounded.   RGP  patterns  were  dependent  on  both  storage  loca- 
tion and  duration  in  storage.   Experiment  II  was  designed  to 
test  the  efficacy  of  I-Point   time  temperature  monitors  for 
use  on  loblolly  pine  seedlings.   Given  certain  assumptions, 
it  was  found  that  model  2220  may  be  a  useful  indicator  of 
loblolly  pine  seedling  quality. 


INTRODUCTION 


From  the  time 
seedlings  are  lifted 
are  delivered  to  the 
through  an  array  of 
seedlings  may  be  exp 
peratures  until  move 
grading  and  shipment 
relatively  high  ambi 
ered  to  the  landowne 
seedlings  to  ambient 
weeks . 


loblolly  pine  (Pinus  taeda  L.) 
from  nursery  beds,  until  they 
planting  site,  they  must  pass 
temperatures.   At  lifting 
osed  to  ambient  outdoor  tem- 
d  to  cold  storage.   During 

seedlings  may  be  exposed  to 
ent  temperatures.   Once  deliv- 
r,  shed  storage  may  expose 
temperatures  for  days,  or 


In  Virginia,  the  Virginia  Div 
(VDF)  has  conducted  a  series  of  exp 
ed  to  evaluate  the  effects  of  stora 
pine  seedlings  (Dierauf  and  Marler, 
1971b;  Dierauf,  1974;  Garner  and  Di 
Dierauf,  1984).  These  studies  have 
sistent  storage  affect  on  field  per 
and  Marler,  1969).  Open  shed  stora 
adverse  affect  on  field  performance 
Marler,  1971a),  and  root  cellar  sto 


ision  of  Forestry 
eriments  design- 
ge  on  loblolly 

1969;  1971a; 
erauf,  1974; 

shown  no  con- 
formance (Dierauf 
ge  may  have  no 

(Dierauf  and 
rage  (vs.  open 
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shed  storage)  may  improve  seedling  performance 
depending  upon  the  dormancy  status  at  time  of 
lifting  (Dierauf  and  Marler,  1971b).   Dierauf 
(1974)  showed  a  significant  lifting  date  x  store^j 
interaction  for  loblolly  pine  seedlings  but  in  £ 
1979-80  study  seedlings  stored  for  up  to  99  days 
survived  and  grew  well.   Freezing  may  have  no 
significant  impact  on  field  performance  (Garnet' 
and  Dierauf,  1974).   The  mixed  results  of  storagi| 
temperature  studies  on  loblolly  pine  seedlings 
suggest  several  factors  may  be  important  in  eva]  J 
ating  seedling  storage  effects.   These  probably 
include:   lift  date,  storage  temperatures  and 
duration,  planting  date  and  interactions  among 
these  factors  (see  Rhea,  1977), 

Recently  I -point  Technologies,  Limited  h;  3;  I 
introduced  Time-Temperature-Monitors  (T-T-M)i.'  ■' 
monitoring  cumulative  effects  of  storage  tempera- 
ture and  duration  on  product  quality.   These 
monitors  have  been  used  for  monitoring  loblolly 
pine  seedlings  during  shipment  (C.  Gramling, 
personal  communication,  W.  W.  Ashe  Nursery,  Broi  < 
lyn,  MS).   Their  usefulness  for  predicting  lobL  1 
pine  seedling  "spoilage"  has  yet  to  be  ascertaii; 
although  considerable  effort  is  currently  being 
expended  to  gather  such  data  (R.  E.  Rose,  persoi  J, 
communication;  I-Point  Tech.,  Ltd.,  Oct.  2,  198) 

One  significant  problem  usually  associate^ 
with  experiments  attempting  to  determine  the  ef  f 
of  storage  on  loblolly  pine  seedling  survival  a: 
growth  is  the  confounding  of  planting  date  with 


^/  Mention  of  a  company  or  its  product 
implies  neither  approval  or  disapproval  of  prod 
use. 
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■eatment  effects  preventing  analyses  of  storage 
fects  alone.   Recent  research  (Feret  et  al . 
84;  Larsen  et  al.  1984,  Ritchie  and  Dunlap 
180)  shows  that  root  growth  potential  (RGP)  is 
.kely  a  rapid  and  reliable  parameter  for  esti- 
Lting  physiological  quality  of  loblolly  pine 
edlings.   Assuming  this,  RGP  should  provide  a 
ans  for  evaluating  the  relative  effects  of  seed- 
ng  storage  duration  and  temperature  on  seedling 
]iysiological  quality  without  concern  for  the 
infounding  of  treatments  and  planting  dates 
his  is  not  to  say  these  interactions  are  not 
:iportant) . 
I 

Within  the  context  of  the  above,  we  report 
lire  the  results  of  two  experiments  conducted  to 
(antify  the  effects  of  storage  temperature  and 
(ration  on  loblolly  pine  seedling  RGP. 


Iperiment  I. 


Materials  and  Methods 


Seedlings  were  from  a  commercial  lot  delivered 
t  Virginia  Tech  by  the  county  forester  on  March 
]  1984  and  stored  at  33°F  until  March  15.   On 
Irch  15  seedlings  from  the  bundle  of  1000  were 
ndomly  assigned  in  equal  numbers  to  each  of  16 
eatment  combinations  (Table  1) .   Seedlings  were 
ored  under  four  conditions:   1)  a  refrigerator 

35°F  2)   a  root  cellar  at  58°F   3)   an  indoor 
]jb  at  70-72°F  and  4)  an  oven  held  at  88°F.   For 
orage  seedlings  were  wrapped  in  sealed  polyeth- 
}kne  garbage  bags  with  seedling  roots  within  each 
tjg  wrapped  in  moist  paper  towels.   As  shown  in 
Ible  1,  seedlings  were  removed  from  storage  at 
vrying  intervals,  for  each  storage  location. 
Cpe  removed,  seedlings  were  randomly  separated 
ijto  two  bundles:   a  bundle  of  30  which  were 
cHlyzed  for  RGP,  and  a  bundle  of  50  which  were 
ctplanted  to  an  old  field  site.   Seedlings  were 
c;|tplanted  at  the  Reynolds  Research  Center  (Patrick 
C|. ,  VA)  in  10  replicated  5-tree  row  plots  at  a 
C5M  X  0.5M  spacing. 

RGP  was  determined  by  growing  seedlings  in 
tays  of  Promix  in  a  constant  temperature  water 
bth  at  68°F  for  24  days  under  16  hr.  photoperiod 
iji  the  greenhouse.   After  24  days  new  elongating 
rpts  >0.25  in.  in  length  were  counted.   Thus, 
Ef  was  expressed  as  simply  the  number  of  new 
eongating  roots. 

;      Field  planted  seedlings  were  individually 
n^isured  for  height  at  the  time  of  planting,  and 
aiin  on  October  15,  1984  when  survival  was  also 
ri;orded.   These  data  were  used  to  evaluate  seed- 
I'lg  field  performance  in  relation  to  RGP  using 
rijression  techniques. 

Eperiment  II. 


Seedlings  used  for  this  experiment  were  hand- 
ted  from  the  VDF  New  Kent  Forestry  Center  nursery 
March  1,  1984.   They  were  held  in  cold  storage 
(i  polyethylene  bags)  for  6  weeks  at  33°F.   On 
il  15,  1984  seedlings  were  packaged  as  above  and 
idomly  assigned  to  one  of  three  storage  locations 


as   follows:   A)   a  root  cellar  at  58°F  B)   an 
outdoor  lathhouse  allowing  ambient  temperature 
fluctuations   C)   an  indoor  lab  at  70-72°F. 

Duration  in  each  storage  location  was  variable, 
predicated  on  the  reaction  time  of  two  I-Point 
T-T-M  models:   2220  and  3210.   Monitors  were  placed 
on  seedling  bundles  and  when  either  monitor  turned 
color  (green  [o]  at  the  start  of  the  experiment, 
yellow  [l],  rust  [2],  red  [3])  seedlings  were  sam- 
pled and  RGP  analysis  performed.   Thus,  for  each 
storage  location,  six  samples  were  taken.   The 
"control"  was  the  RGP  at  the  start  of  the  experi- 
ment when  all  monitors  were  "green".   Table  2 
summarizes   treatments  of  Experiment  II. 


SEEDLINGS; 
TREATMENTS: 


SAMPLE  TIMES; 


EXPERIMENT  I 

COMMERCIAL  LOT  -  RECEIVED  MARCH  1,  1984 

A.  STORED  IN  REFRIGERATOR  AT  35°F 

B.  STORED  IN  ROOT  CELLAR  AT  58°F 

C.  STORED  IN  LAB  AT  70°F 

D.  STORED  IN  OVEN  AT  38°F 


TREATMENT 
A 
B 
C 
D 


DAYS 

0,  8,  21 


TABLE  1. 


0,  8,  14,  21 

0,  4,  8.  14,  21 

0,  1,  2.  4,  8,  14,  21 

30   SEEDLINGS/tREATMENT/DATE  -  RGP 
50   seedlings/treatment/date  -  FIELD 


EXPERIMENTAL  DESIGN  OF  LOBLOLLY  PINE 
SEEDLING  STORAGE  EXPERIMENT  I. 


SEEDLINGS: 
TREATMENTS; 


SAMPLE  TIMES; 


EXPERIMENT  II 


T-T-M   MONITORS 

HAND  LIFTED  MARCH  1,  1984 
STORED  AT  32°F   6  WEEKS 

A.  STORED  IN  ROOT  CELLAR  AT  58''F 

B.  STORED  IN  LATH  HOUSE  AT 
AMBIENT  TEMP. 

C.  STORED  IN  LAB  AT  70°F 
DICTATED  BY  T'T-M  COLOR  CHANGES 


TRFATMFNT 


f^QNlTQR 


2220 


3210 


DAYS 


A 

0,  7,  9,  14      0,  14,  18,  20 

B 

0.  5,  8,  17      0,  11,  15,  21 

C 

0,  3,  5,  8       0,  7.  8,  12 

ANALYSIS; 

30  seedlings/treatment/monitor/sampl 

TABLE  2. 

EXPERIMENTAL  DESIGN  OF  LOBLOLLY  PINE 

SEEDLING  STORAGE  EXPERIMENT  II, 
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RESULTS 


Experiment  I. 

The  relationship  between  RGP  and  field 
performance  is  shown  in  Figures  1  and  2.   Both 


field  survival  and  height  increment  of  living 
seedlings  were  related  to  RGP  at  the  time  of 
planting.   Models  were  significant  (a<  0.01)  anc^i 
accounted  for  over  90%  of  the  sums  of  squares. 


100 


SURVIVAL=  0.83(1-e'1'1°*'^'') 
r2=  ,98 


i — ' — i — ^~i5 — '"15" 


(nuiber  of  new  roots) 


Figure    1.      Relationship  between  number   of   new  elongating  roots   and 
survival    for   loblolly  pine    seedling   samples   of   Experiment    I. 
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Figure  2.   Relationship  between  number  of  new  elongating  roots 
and  height  increment  for  loblolly  pine  seedling  samples  of 
Experiment  I. 
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Filre  3.   Results  of  experiment  I  showing  changes 
RGP  (number  of  new  elongating  roots  >0.5  cm) 
er  time  in  each  of  the  four  storage  locations. 
rtical  lines  represent  +  1  std.  error. 


Root  growth  potential  varied  significantly 
both  between  storage  locations  and  over  time  (fig. 
3).   In  the  cooler  RGP  was  improved  with  8  days  of 
storage  but  after  21  days,  was  significantly 
diminished.   The  same  trend  was  observed  for  seed- 
lings stored  in  the  root  cellar  where  after  8  days 
RGP  increased  followed  by  a  decrease  after  14  and 
21  days. 

In  the  lab  room  (fig.  3)  RGP  showed  a  gradual 
decline  over  time  with  the  21  day  RGP  equal  to  0 
new  r(jots.   In  the  88°F  oven,  RGP  declined  very 
rapidly  after  24  hours,  but  this  decline  was 
followed  by  a  small  "burst"  of  RGP  at  day  4.   By 
day  eight,  no  seedlings  showed  new  root  growth. 

Experiment  II. 

The  overall  results  of  Experiment  II  are 
plotted  in  Figure  4.   Seedlings  stored  in  the  root 
cellar  showed  a  rapid  decline  in  RGP  over  the  first 
week.   This  may  have  been  followed  by  a  small 
"burst"  of  RGP  at  day  14,   a  second  decline  at  day 

18  and  another  "burst"  at  day  21.   (Two  data  points 
plotted  for  day  14  were  plotted  as  the  mean  in  Fig. 
4). 

In  the  lath  house,  RGP  declined  rapidly  the 
first  4  days,  remained  low  at  8  days,  after  which 
a  burst  of  RGP  was  observed  at  days  12-16.   This 
was  followed  by  a  second  decline  in  RGP. 

Seedlings  stored  in  the  lab  gradually  lost  RGP 
until  day  8.   The  last  sample  at  day  12  showed  a 
significant  rise  in  RGP  which  was  not  statistically 
different  from  the  RGP  of  seedlings  at  the  start  of 
the  experiment  (fig.  4) . 

Sample  dates  for  Experiment  II  were  dictated 
by  the  time-temperature-monitor  reaction  rates.   In 
Figure  5,  RGP  is  plotted  by  T-T-M  models  2220  and 
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Figure  4.   Results  of  Experiment  II  showing  changes  in  RGP  (number 
of  new  elongating  roots  >0.5  cm)  over  time  in  each  of  the  three 
storage  locations.   (*=midpoint  of  two  samples  taken  on  the  same 
day).   Vertical  lines  represent  +  1  std.  error. 
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3210  and  storage  location.   The  relationships 
between  color  changes  of  monitor  2200  and  RGP 
appear  parallel  under  Lab  storage  (Fig  5). 
However,  for  the  Root  Cellar  and  Lath  House 
storage  locations,  color  3  on  Model  2220  was 
associated  with  higher  RGP  values  than  either 
color  1  or  color  2.   The  results  using  monitor 
model  3210  were  equally  as  cryptic. 

DISCUSSION 

The  relationship  between  RGP  and  first-year 
field  performance  was  relatively  strong  and 
indicated  that  seedling  samples  without  RGP  do  not 
survive.   An  RGP  of  from  4  to  5  new  roots  seemed  to 
be  sufficient  for  assuring  survival  and  growth. 
The  1984  planting  season  in  Patrick  Co.,  VA  was 
characterized  by  abundant  moisture  and  cool  tem- 
peratures.  Thus  a  minimum  RGP  of  4-5  new  roots 
was  needed  but  beyond  that,  additional  new  roots 
did  not  add  to  the  ability  of  a  seedling  to 
survive  and  grow. 

Given  the  relationships  shown  in  Figs.  1  and 
2,  only  4  storage  treatments  succeeded  in 
"harming"  seedlings  (Oven  at  days  8,  14  and  21  and 
Lab  Room  at  day  21).   We  speculate  that  had  the 
planting  season  been  drier,   the  relationship 
between  RGP  and  first-year  field  performance 
measures  would  have  been  more  linear  than  shown  in 
Figs.  1  and  2  and  thus  other  storage  treatments 
might  have  also  "harmed"  the  seedlings. 

In  both  experiments  I  and  II  RGP  appeared  to 
be  cyclical  (except  for  the  Lab  Room  storage  of 
Experiment  I) .   This  RGP  fluctuation  may  be 
explained  several  ways,  recognizing  that  such 
explanations  are  in  this  report  entirely  specula- 
tive.  First,  RGP  may  be  episoidal,  with  increases 
and  decreases  over  time  associated  with  "internal" 
rhythms  of  the  seedlings.   Such  rhythms  might  be 
modified  both  in  frequency  and  amplitude  by  storage 
treatments. 

A  second  explanation  for  the  cryptic  changes 
in  RGP  over  time  may  be  that  when  seedlings  are 
placed  under  stress  in  storage,  they  react  with  a 
"burst"  of  RGP.   The  timing  and  duration  of  the 
"burst"  may  be  treatment  specific.   Depending  on 
the  treatment  and  sampling  frequency,  these  RGP 
"bursts"  may  or  may  not  be  observed. 

Physiologically  these  burst  may  be  a  function 
of  grovth  regulator  compartmentation  and/or 
response  to  periods  of  anoxia  which  might  occur 
within  root  tissues  of  stored  seedlings  (for  liter- 
ature on  this  topic  see:   Penny  et  al .   1974; 
Rowan  et  al .   1972;   Gillbank  et  al .   1972; 
Parrish,  1976).   In  other  words,  seedlings  near 
death  (such  as  those  in  Experiment  II  stored  in 
the  Root  Cellar  for  18  days,  in  the  Lath  House  for 
8  days  or  the  Lab  Room  for  8  days)  may  release 
actively  compartmentalized  growth  regulators  when 
respiration  diminishes  to  near  zero  values.   When 
this  occurs,  hyperelongation  of  new  roots  (measured 
by  higher  RGP)  may  occur.   This  mechanism  may  also 
explain  why  seedlings  with  low  RGP  (or  no  RGP)  may 
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Figure  5.   Results  of  Experiment  II  plotted  by 

storage  location  and  T-T-M  model.   Numbers  i 

0  correspond  to  T-T-M  color  changes  where  ( 
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Vertical  bars  represent  +  1  std.  error. 
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ive  and  grow  in  the  field. 

A  third  explanation  of  the  fluctuating  values 
3iRGP  in  this  experiment  is  that  both  internal 

1£ 


t  rhythms  and  response  to  anoxia  may  be  causing 
cryptic  variation  in  RGP. 


An  interesting  footnote  to  this  research  is 
seedlings  from  both  experiments  responded 
Lfjerently  to  storage  in  the  Root  Cellar  and  the 
ibRoom  (Figs.  3  and  4).   The  rather  different 
itsrns  of  RGP  over  time  within  each  storage 
jction  suggest  that  seedling  history  has  a  major 
np;t  on  RGP  patterns  in  storage  over  time. 


The  use  of  T-T-M  monitors  cannot  be  judged  on 
lepasis  of  these  results  without  some  speculation. 
Lfically,  if  one  is  willing  to  assume  loblolly 
seedlings  do  respond  to  anoxia,  and  prior  to 
)nding  RGP  must  approach  zero,  then  the  use  of 
nonitors  may  be  justified  to  gauge  seedling 
status.   Under  each  of  the  three  storage  treat- 
i  Model  2220  changed  to  a  "1"  prior  to  seedlings 
2g6tering  zero  RGP.   In  2  of  3  storage  locations 
2C0  stage  "2"  coincided  with  a  nearly  zero  RGP. 
1  lie  case  (the  Lab  Room)  a  2220  stage  "3"  was 
ssjiated  with  zero  RGP.   Monitor  3210  only 
5p|red  to  have  value  at  stage  "1"  which  corre- 
joijed  to  near  zero  RGP  in  2  of  3  storage 
tions. 


CONCLUSIONS 

The  results  of  this  study  illustrate  the 
wing  points : 

1.  RGP  of  loblolly  pine  seedlings  changes 
with  storage  temperature  and  time  in 
storage. 

2.  Storage  RGP  response  may  be  in  part  a 
function  of  pre-storage  events  (i.e.  an 
historical  factor) 

3.  Storage  responses  may  be  modified  by 
internal  plant  rhythms  in  RGP. 

4.  After  stored  seedlings  reach  a  zero-level 
RGP,  their  RGP  may  rebound  and  this  effect 
may  be  related  to  storage  temperature, 
duration  and  seedling  history. 

5.  The  I-Point  ^  T-T-M  model  2220  may  be 
useful  for  predicting  zero  RGP  in 
loblolly  pine  seedlings. 
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Because  of  the  complex  responses  to  storage, 
not  unexpected  that  the  literature  contains 
paently  contradictory  data  on  effects  of  storage 
^  ]plolly  pine  seedlings.   We  are  currently 
netting  additional  storage  experiments  to  test 
im^bf  the  hypotheses  suggested  by  these  data. 
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ROOT  GROWTH  POTENTIAL  AND  CARBOHYDRATE  SHIFTS  IN  PREVIOUSLY  COLD  STORED 
LOBLOLLY  PINE  SEEDLINGS  GROWN  IN  HYDROPONIC  CULTURE!/ 


R.  W.  Rosel/  and  R.  P.  Whilesl/ 


Abstract. — This  experiment  was  a  preliminary  attempt  to 
determine  how  seedling  lateral  root  percent  starch  relates  to 
root  growth  potential  (RGP)  in  loblolly  pine  (Pinus  taeda  L.) 
seedlings  grown  in  a  hydroponic  environment.  The  principal 
findings  were  that  initial  lateral  root  percent  starch  was 
not  a  good  predictor  of  seedling  growth  as  measured  by  RGP  by 
family.  It  was  proven  feasible  to  test  the  same  loblolly 
pine  seedlings  for  lateral  root  starch  content  before  and 
after  an  assessment  of  RGP  in  a  hydroponic  tank  system. 


INTRODUCTION 


Ret  growth  potential  (RGP)  is  used  to  measure 
seidling  vigor  after  outplanting.  Typically, 
sedlings  are  lifted  from  the  nursery  bed,  trans- 
plpted  into  a  suitable  growing  media  such  as 
gr'snhouse  potting  mix,  allowed  to  grow  for  30 
das,  harvested,  and  measured  for  root  length. 
Th  amount  of  root  produced  is  considered  a  meas- 
ur  of  the  physiological  vigor  of  the  seedling 
an  indicates  how  the  seedling  will  survive  and 
gr>  after  outplanting  (6).  Root  growth  poten- 
til  in  this  study  was  defined  as  dry  weight  of 
ae{  roots. 

I 
Pljcing  the  seedlings  in  ten-gallon  tanks  of  wa- 
te  Is  another  way  to  observe  root  growth  and 
avjd  the  use  of  potting  mediat.  Tanks  allow 
la.y  observation  of  root  growth  and  periodic 
*e:;hing  of  individual  seedlings  to  detect  fresh 
■'e:  ht  changes.  It  is  also  possible  to  cut  and 
'e:h  portions  of  new  root  without  interference 
:r<i  potting  media  on  the  roots. 

ilie  RGP  is  an  after-the-fact  morphological  re- 
ipcse  measurement,  it  seemed  important  to  test  a 
;ai  system  for  evaluating  seedlings  for  both 
loihological  and  physiological  changes  through 
:lfl|  which  might  reveal  early  predictions  of 
•utiantlng  performance.   This  experiment  was  a 
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utl  Research  Conference,  Atlanta,  Georgia, 
'ovkber  7-8,  1984. 

I*/R.  W.  Rose,  Forest  Regeneration  Sclen- 
ts, Westvaco  Corporation,  Summerville,  South 
arllna  29484. 
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preliminary  attempt  to  determine  how  seedlings 
change  in  lateral  root  percent  starch  in  relation 
to  RGP  over  time  when  grown  in  tanks  of  water 
containing  low  levels  of  fertilizer.  It  was 
hoped  that  by  being  able  to  track  changes  over 
time,  it  would  be  possible  to  arrive  at  reasons 
why  one  seedling  has  a  growth  advantage  over 
another. 

PURPOSE 

This  experiment  was  a  preliminary  attempt  to 
determine  how  seedling  lateral  root  percent 
starch  relates  to  root  growth  potential  (RGP)  in 
loblolly  pine  seedlings  grown  in  a  hydroponic 
environment. 

PROCEDURE 

Seed  Sources.  Five  open-pollinated  maternally 
identified  seed  sources  were  used.  The  five 
families  were  7-2,  7-56,  11-9,  11-16,  and  11-41. 

Lifting  and  Storage.  The  seedlings  were  hand- 
lifted  from  the  nursery  bed  on  January  9,  1984, 
sealed  in  Kraft  bags,  and  placed  in  cold  storage. 
The  seedlings  were  stored  in  the  cooler  until 
March  8,  1984.  After  59  days  in  the  cooler  at 
36°F,  the  seedlings  were  removed  for  use  in  the 
study. 

Initial  Measurements.  Eighteen  seedlings  of  each 
family  were  chosen  at  random  and  measured  for 
total  seedling  fresh  weight,  height,  caliper,  and 
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root  volume.  A  sample  of  fresh  lateral  roots  was 
pruned  prior  to  measuring  total  fresh  weight  from 
each  seedling,  frozen,  and  saved  for  future 
starch  analysis.  The  root  systems  on  each  seed- 
ling looked  reasonably  uniform  after  pruning  and 
not  too  different  from  the  appearance  of  seed- 
lings wrenched  from  the  ground  during  an  opera- 
tional lifting.  The  seedlings  were  placed  in  the 
tank  system  on  March  8,  1984. 

Tanks .  Six  ten-gallon  tanks  filled  almost  to  the 
top  were  fitted  with  templates  containing  18 
holes  1-1/2  inches  in  diameter.  The  water  used 
was  treated  by  reverse-osmosis.  One  tablespoon 
of  Peter's  (20-20-20)  was  mixed  into  the  water. 
The  fertilizer  was  added  only  to  give  the  water 
some  ions  since  it  was  believed  that  the  water's 
purity  could  damage  the  seedlings.  Two  of  the 
tanks  were  blackened  on  the  outside  and  four  were 
clear.  This  did  not  create  any  differences  in 
seedling  root  growth.  One  clear  tank  did  develop 
algae,  but  this  did  not  interfere  with  the  exper- 
iment. The  water  in  the  tanks  was  changed  twice 
each  week.  Figure  1  gives  an  illustration  of  a 
tank. 

Loblolly  Seedllnga 
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Figure  1. — Tank  system  for  measuring  root  growth 
potential  (RGP). 

Interim  Measurements.  On  March  26,  1984,  (at  19 
days  in  the  tanks)  the  seedlings  were  measured 
for  height,  total  seedling  fresh  weight,  and  root 
activity.  Day  19  was  chosen  because  most  of  the 
seedlings  had  some  new  roots.  A  simple  root 
activity  score  index  was  used  to  evaluate  seed- 
lings: a  seedling  with  no  new  roots  was  scored  a 
1,  and  a  seedling  with  any  new  roots,  no  matter 
how  few,  was  scored  a  2. 


Final  Measurements, 


On  April  6,  1984,  (at  30 


days)  the  study  was  terminated  and  the  seedlings 
measured  for  height,  total  fresh  weight,  and  root 
activity. 

Destructive  Sampling.  At  the  end  of  the  experi- 
ment each  seedling  was  cut  into  several  component 
parts,  dried,  and  weighed.  The  components  were 
new  top  growth  (new  stem  +  new  needles),  total 
stem,  total  needles,  new  root  growth  (RGP),  lat- 
eral roots,  and  tap  root.  Root  growth  potential 
was  measured  as  dry  weight  of  new  roots  because 
there  was  not  enough  root  growth  to  effectively 
measure  root  lengths.  Putting  RGP  on  a  weight 
basis  indicated  how  much  biomass  was  produced. 


The  samples  were  stored  frozen  and  then  analyze  I 
There  were  not  enough  pruned  lateral  roots  f ! 
seedling  to  make  enough  sample  for  individt  i, 
seedling  starch  determinations.  Therefore,  ti 
three  seedlings  per  family  in  each  tank  m  • 
composited  into  one  sample.  The  same  procedi : 
was  used  for  lateral  roots  per  seedling  at  1 1 
end  of  the  experiment.  t 

\ 
Analysis.    The  needles  from  each  seedling  W6  :i 

sent  to  Westvaco's  Soil  and  Tissue  Testing  Ii 

for  nutrient  analysis.   The  needles  were  measui«! 

for  N,  P,  K,  Ca,  and  Mg  content. 

The  pruned  lateral  roots  at  the  start  of  the  n 
periment  and  the  lateral/tap  roots  collected 
the  end  of  the  experiment  were  analyzed  J ) 
starch  using  the  technique  of  Haissig  and  Dicki-ti 
(3).   At  the  end  of  the  experiment  all  of  I 
lateral  roots,  including  new  lateral  roots  mejii 
ured  as  RGP,  were  collected  and  analyzed.  '.  i 
soluble  extract  from  the  starch  procedure  is 
saved  and  analyzed  for  five  soluble  sugars  usjii] 
high  performance  liquid  chromatography  (HPLO),' 
The  five  sugars  were  glucose,  fructose,  sucrod 
and  two  unknown  sugars  (UK  1  and  UK  2). 

Statistical  Design  and  Analysis.  The  analysis li 
variance  model  was  a  randomized  complete  bl 
having  six  blocks  (tanks)  and  five  treatme:ii(| 
(families).  Three  seedlings  of  each  family  w  ij, 
randomly  assigned  to  a  tank.  Tank  effects  w B 
random,  and  family  effects  were  fixed.  The  an<| 
ysis  of  variance  scheme  is  shown  in  Table  1. 

Table  1.   Analysis  of  variance 
model  for  experiment. 


Source  of  Variation 


Tank 


Family 


Error 


df 
5 
4 

20 


Total 


29 


The  composited  lateral  root  samples  could  not 
compared  with  any  of  the  other  variables  on 
individual  seedling  basis,  so  it  was  necessar> 
generate  a  means  data  set  out  of  the  other  vai 
bles  in  the  same  way  the  lateral  roots  had  \  ' 
composited.   This  means  data  set  was  made  up 
means  for  each  variable  of  the  three  seedlings 
each  family  by  tank  combination.   Therefore,  (' 
family  had  six  means  -  one  for  each  of  the  >\ 
tanks.   This  data  set  made  it  possible  to  com]  i 
lateral  root  starch  levels  with  the  other  vai  i! 
bles. 

RESULTS 

The  results  showed  that  Initial  lateral  :  ' 
percent  starch  was  not  a  predictor  of  root  gn  " 
potential  (RGP)  as  measured  by  dry  weight  of  " 
growth  of  lateral  roots.   No  dependence  coul< 
found  between  initial  lateral  root  percent  st;  <■ 
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ar  RGP  (Figure  2).  The  results  of  this  experi- 
m6t  did  not  support  the  concept  of  a  cause-and- 
elect  relationship  between  RGP  and  initial  lat- 
etl  root  percent  starch. 
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Fljure  2. — Plot  of  the  relationship  between  RGP 
t  day  30  and  initial  lateral  root  percent 
tarch  at  the  beginning  of  the  experiment. 


scatter  plot  of  the  relationship  between  RGP 

lateral  root  percent  starch  at  the  end  of  the 

eriment  (Day  30)  is  shown  in  Figure  3.   The 

c(|fficient  of  determination  (r2)  was  a  low  .32. 

Fiiily  11-41  did  not  produce  any  new  roots. 

Tljre  was  not  a  strong  relationship  between  how 

seedlings  grew  and  the  starch  percent  left  in 

lateral  roots  after  30  days. 

W  r 

Y  =  -0.91 10  ♦  9.9I2S<X) 
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;ure  3. — Plot  of  the  relationship  between  RGP 
ind  lateral  root  percent  starch  at  day  30, 

T»  analysis  of  variance  results  of  the  differ- 
e:e  between  percent  starch  on  day  1  and  day  30 
:eral  roots  was  not  significant  by  family. 


Figure  A  depicts  the  results.  The  average  dif- 
ference in  lateral  root  percent  starch  between 
day  1  and  day  30  by  family  was  9%.   This  equaled 

an  average  drop  in  percent  starch  of  82%  from 

lateral  roots  of  the  same  seedlings! 

The  total  fresh  weight  of  each  seedling  in  the 
study  decreased  dramatically  between  day  1  and 
day  19.  From  day  19  through  day  30  at  the  end  of 
the  experiment,  only  Families  7-56  and  11-9  re- 
gained a  portion  of  their  original  fresh  weight. 
Figure  5  depicts  this  result.  At  the  beginning 
of  the  study  the  families  were  divided  into  two 
distinct  groups.  The  larger  families  were  11-16, 
11-9,  and  11-41,  and  the  smaller  families  were  7- 
56  and  7-2.  Figure  5  shows  that  the  rankings  for 
total  fresh  weight  never  changed.  After  day  19, 
only  Families  7-56  and  11-9  increased  in  fresh 
weight.  Seedling  size  did  not  appear  to  be  re- 
lated to  shifts  in  fresh  weight.  Families  7-2, 
11-16,  and  11-41  continued  to  decrease  in  fresh 
weight  between  day  19  and  day  30. 

\  positive  linear  relationship  was  found  between 
RGP  and  the  change  in  fresh  weight  from  day  19  to 
day  30.  Figure  6  is  a  scatter  plot  of  the  re- 
sults. In  those  seedlings  where  new  roots  were 
produced  there  tended  to  be  a  positive  change  in 
fresh  weight.  The  R^  for  these  data  was  .68. 
This  was  to  be  expected  since  new  roots  increase 
the  uptake  of  water. 

Changes  in  total  fresh  weight  after  day  19  ap- 
peared to  be  directly  related  to  the  root  activi- 
ty index.  This  simple  assessment  of  morphologi- 
cal change  revealed  that  families  7-56  and  11-9 
had  the  highest  root  activity  indices  of  any  of 
the  families  at  day  19  (RA2),  and  at  day  30 
(RA3).  The  means  are  shown  in  Table  2.  The 
higher  the  index,  the  greater  the  number  of  seed- 
lings with  active  root  systems. 

The  analysis  of  variance  results  of  all  the  seed- 
lings at  the  end  of  the  experiment  revealed  sig- 
nificant differences  among  families  for  various 
morphological  variables  (Table  2).  However,  the 
statistical  differences  were  not  as  important  in 
a  biological  sense  as  the  family  rankings.  The 
positive  change  in  total  fresh  weight  of  Family 
7-56  was  confirmed  by  its  highest  rankings  for 
dry  weight  of  new  top  growth  and  RGP.  Families 
11-41  and  7-2  ranked  lowest  in  these  categories, 
having  low  root  activity  indices  and  negative 
shifts  in  total  fresh  weight  throughout  the  study 
period. 

Seedling  morphology  did  not  explain  seedling 
growth.  Table  2  is  a  tabulation  of  the  family 
means  and  LSDs.  Initial  height  was  not  a  good 
measure  of  vigor  since  7-56  was  the  shortest 
family  and  11-9  was  the  tallest.  Families  11-41 
and  7-2  grew  poorly,  yet  had  larger  tap  roots 
than  either  11-9  or  7-56.  In  terms  of  biomass, 
all  of  these  seedlings  appeared  to  have  adequate 
distributions  of  needles  and  roots  to  grow  well. 
Seedling  size  did  not  offer  any  particular  advan- 
tage or  disadvantage  to  growth. 
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Figure  '*■    Change  In  lateral  root  percent  starch  between  Day  1  and  Day  30.  Data 
from  means  data  set. 
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period. 
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Tuble   Z,      Muaiiu    of   mcuuured   vurlublcs    by    fumlly    (n   -    6)    and    leiial    algiilflcunt    dlf f uruiiccH    umoiii; 

families.      (Means  with   the   same   letter   are   not    elgnlf Icantly   diflerent:   at    the   57,   level.) 
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(die  nutrient  levels  revealed  some  Interesting 
nds.  Family  11-41  grew  very  poorly  and  had 
1  highest  levels  of  N,  P,  K,  and  Ca  at  the  end 
1  the  experiment.  It  had  adequate  levels  of 
irients,  yet  was  not  utilizing  them  for  growth, 
slily  7-56  grew  well  and  had  the  lowest  levels 
fjp,  Ca,  and  Mg. 

hj  tap  roots  of  all  ninety  seedlings  were  ana- 
yed  by  high  performance  liquid  chromotography 
c  glucose,  fructose,  sucrose,  and  two  unknown 
uiars.  The  analysis  of  variance  results  showed 
ilnificant  family  differences  for  fructose, 
l;ose,  and  unknown  sugar  #1  (UKl).  Sucrose  and 
niown  sugar  #2  (UK2)  were  non-significant  (Ta- 
1;2).  Tap  root  percent  starch  was  non-signifi- 
a:  due  to  high  variation  among  seedlings  within 
limily. 


The  rankings  of  the  soluble  sugars  showed  an 
interesting  trend  (Table  2).  Like  the  needle 
nutrients.  Family  7-56  had  lower  levels  of  fruc- 
tose, glucose,  and  sucrose  than  the  other  fami- 
lies, yet  had  the  highest  levels  of  the  two  un- 
known sugars.  As  with  the  needle  nutrients,  the 
ranking  of  means  by  family  seemed  to  reflect  some 
degree  of  physiological  activity. 
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Figure  7. — Relationship  between  lateral  root  dry  weight  (G)  and  dry  weight  (MG) 
of  starch  in  the  lateral  roots,  numbers  next  to  each  data  point  are  the  mean 
negative  or  positive  changes  in  total  seedling  fresh  weight  between  day  19  and 
day  30. 
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DISCUSSIONS  AND  CONCLUSIONS 

An  important  finding  in  this  experiment  was  that 
it  is  possible  to  test  the  same  loblolly  pine 
seedlings  for  starch  before  and  after  an  assess- 
ment of  RGP  in  a  hydroponic  tank  system.  Instead 
of  having  to  destructively  sample  different  seed- 
lings over  time,  it  is  possible  to  sample  the 
same  seedlings  at  two  points  in  time. 

In  a  study  such  as  this  one  an  often  posed  ques- 
tion concerns  the  relationship  between  root  dry 
weight  and  the  weight  of  the  starch  in  the  roots. 
Figure  7  illustrates  a  scatter  plot  of  the  rela- 
tionship between  total  lateral  root  dry  weight 
and  lateral  root  starch  content  in  milligrams. 
The  actual  family  by  tank  means  are  plotted  with 
their  mean  changes  in  fresh  weight  between  day  19 
and  day  30  written  along  side.  Milligrams  of 
starch  tend  to  increase  with  increases  in  lateral 
root  dry  weight.  Most  of  the  seedlings  with  the 
larger  root  dry  weights  (>.14)  showed  positive 
changes  in  total  fresh  weight.  Since  the  new 
roots  (RGP)  were  mixed  with  all  of  the  lateral 
roots  for  analysis  at  the  end  of  the  experiment, 
it  is  rot  possible  to  state  how  much  starch  was 
contributed  by  the  new  roots.  Marshall  (5), 
working  with  Douglas  Fir,  suggested  that  starch 
deposition  in  fine  roots  is  limited  to  the  time 
when  the  fine  roots  are  growing. 

A  major  limitation  of  this  preliminary  study  was 
the  small  sample  size  per  family  and  the  need  to 
composite  the  lateral  roots  by  family  within  a 
tank.  Given  the  differences  in  growth  among 
seedlings  within  a  family  and  the  need  to  create 
a  means  data  set,  it  was  not  possible  to  look  at 
lateral  root  percent  starch  among  individual 
seedlings  as  it  might  relate  to  RGP.  Unfortu- 
nately, seedlings  with  active  lateral  root  sys- 
tems had  to  be  composited  with  those  that  were 
not  active.  The  results  were  interpreted  with 
this  in  mind. 

The  primary  objective  of  research  in  physiologi- 
cal quality  of  seedlings  is  to  predict  growth 
prior  to  outplanting.  The  assessment  of  RGP  can 
give  an  indication  of  future  field  performance, 
but  it  has  the  limitation  of  requiring  up  to 
thirty  days  to  complete  the  test.  This  study 
showed  that  an  assessment  within  19  days  was 
possible.  Dewald  et  al^  (1)  were  able  to  arrive 
at  rough  estimates  in  fifteen  days. 

An  immediate  test  would  be  more  desirable.  The 
results  in  Figure  7  draw  attention  to  the  estab- 
lished concept  of  planting  seedlings  with  as  many 
lateral  roots  as  possible  (A,  7).  However,  Fami- 
ly 11-41  Was  found  to  have  comparable  seedling 
root  weights  to  the  other  seedlings  initially, 
yet  failed  to  grow  any  new  roots. 

This  study  showed  that  lateral  root  starch  was 
depleted  as  the  seedlings  emerged  from  dormancy. 
It  remains  to  be  understood  where  the  carbon  from 
the  starch  was  allocated  in  the  seedlings  or  what 
triggers  root  growth.   Every  family  put  on  top 


growth,  but  not  every  family  grew  the  same  amount 
of  new  roots.  The  carbon  may  have  been  trans-, 
ported  from  the  root  to  the  shoot,  respired  ii 
response  to  the  stress  of  lifting,  root  pruninj 
for  starch  analysis  and  cold  storage,  or  leachec 
into  the  water  in  the  tank. 

The  relationship  between  lateral  root  dry  weight 
and  weight  of  starch  in  the  lateral  roots  points 
out  how  little  is  clearly  understood  about  physi-. 
ological  quality  in  loblolly  pine  seedlings.   It 
appears  that  physiologically  active  roots  muslu 
maintain  some  amount  of  starch  reserve.   However, 
just  having  high  lateral  root  weights  or  hlgl 
starch  contents  does  not  guarantee  good  growth,: 
Other  mechanisms  related  to  moisture  stress  and; 
dormancy  are  certainly  at  work.   Much  needs  to  b(  ' 
learned  about  metabolic  pathways  in  loblolly  pimtl 
seedlings.   As  pointed  out  by  Duryea  and  McClalm 
(2),  the  few  studies  to  focus  on  the  relationshiili 
of  RGP  and  carbohydrate  reserves  have  presented! 
conflicting  results,  and  there  are  no  definitiviij 
studies  of  the  cause-and-ef feet  relationships  ol  | 
nursery  practices,  carbohydrate  levels,  and  fieLni 
performance. 
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LOBLOLLY  PINE  SEEDLING  ETHYLENE  PRODUCTION  AS  AFFECTED 

1/ 
BY  LIFTING  TIME  AND  METHOD 

2/ 
Jon  D.  Johnson  and  Nancy  J.  Stumpff 


Abstract. — Ethylene,  a  gaseous  plant  growth  regulator, 
has  recently  been  shown  to  be  produced  by  pine  seedlings 
during  cold  storage.   The  objectives  of  this  study  were  to: 

1)  determine  the  effect  of  lifting  date  on  ethylene  production; 

2)  identify  the  origin  of  the  ethylene  to  the  roots  or  shoots; 
and  3)  compare  the  effect  of  machine  versus  hand  lifting  on 
subsequent  ethylene  production. 

Loblolly  pine  (Pinus  taeda  L. )  seedlings  were  hand  lifted 
monthly  from  November  to  March.   Whole  seedlings,  roots  and 
shoots  separately,  were  packaged  in  Kraft-polyethylene  bags 
for  one  week  at  3'  C.   The  ethylene  concentration  within  the 
bags  was  measured  using  gas  chromatography. 

The  results  indicate  that  ethylene  production  is  cyclical 
with  a  maximum  concentratioii  occurring  in  February.   The  roots 
and  shoots  on  the  average  produced  similar  quantities  of  ethylene 
except  for  February  when  the  roots  produced  twice  as  much  as 
the  shoots.   Machine  lifting  stimulated  ethylene  production 
in  January  by  38  percent  and  in  March  by  263  percent  compared 
to  the  hand  lifted  seedlings. 


INTRODUCTION 

Ethylene,  a  plant  growth  regulator,  has  been 
indirectly  implicated  in  affecting  Douglas-fir 
(Pseudotsuga  menziesii  (Mirb.)  Franco)  and  loblolly 
pine  (Pinus  taeda  L. )   seedling  performance  (Zaerr 
and  Lavender,  1980;  Bamett,  1980,  respectively) 
and  has  been  detected  in  seedling  cold  storage 
facilities  at  concentrations  well  above  those  known 
to  be  physiologically  active  (Johnson,  1982). Fumi- 
gation of  loblolly  pine  seedlings  with  ethylene  has 
demonstrated  an  effect  on  both  subsequent  survival 
and  growth  (Johnson  and  Stumpff,  1984a, b)   To 
further  investigate  the  potential  problem  of 
ethylene  production  and  accumulation  during 
storage  of  loblolly  pine,  this  series  of  studies 
was  conducted.   The  objectives  were  to:  I) 
determine  to  effect  of  lifting  date  on  ethylene 
production;  2)  identify  the  origin  of  the  ethy- 
lene to  the  roots  or  shoots;  and  3)  compare  the 
effect  of  machine  versus  hand  lifting  on  sub- 
sequent ethylene  production. 
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METHODS 

Loblolly  pine  seedlings  (1-0)  were  hand  li  t 
monthly  from  November  1982  to  March  1983  from  t  e 
Virginia  Division  of  Forestry  New  Kent  nursery, 
Providence  Forge,  Va.   Machine  lifted  seedlings  \- 
also  collected  in  January  and  March.   Two  hundr  i 
intact  seedlings  were  packaged  into  Kraft- 
polyethylene  bags.   An  additional  400  seedlings 
were  cut  at  the  root  collar,  and  the  roots  and 
shoots  were  stored  separately  in  K-P  bags.  The 
Intact  seedlings,  roots  and  shoots  were  repli- 
cated twice  for  each  lift  date  and  stored  for 
one  week  at  3°C.   The  ethylene  concentrations 
within  the  bags  were  quantified  with  gas  chronii  ■ 
tography  (Johnson,  1982)  and  were  reported  on  i 
dry  weight  basis. 

The  amount  of  hormonal  and  wound  ethylene 
produced  was  estimated  by  assuming  that  the 
Intact,  whole  seedlings  were  producing  only 
"hormonal"  and  that  the  "wound"  ethylene  was  tl  ' 
result  of  cutting  the  seedlings  In  half. 
Therefore: 

"wound"  =  (shoot  +  root)  -  whole 

The  "wound"ethylene  was  proportioned  to  the  roc 
and  shoots  based  on  their  rate  of  production  si : 
that :  , 


shoot  "wound"  =  (shoot/ (shoot  +  root))x  "woui 
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Figure    1.    Ethylene   content   of   K-P  bags   containing  whole   seedlings,    roots   and 
shoots   of    loblolly   pine   lifted  monthly   from  December  to  March.      Bars  with  the 
same   letter   are  not    statistcally   different   at   a  5   percent   probability   level. 


root   "wound"   =    (root/shoot  +  root))x   "wound" 


RESULTS  AND  DISCUSSION 

I 

Ethylene  content  in  whole  seedlings,  roots 
an|  shoots  remained  fairly  constant  at  around 
0. )  ppb/g  for  December,  January  and  March  (Fig.l). 
In'ebruary  the  roots  produced  0.6  ppb/g,  whole 
se'ilings  produced  0.42  ppb/g  and  the  shoots  prod- 
uci  0.28  ppb/g.   These  values  were  statistically 
di'erent  from  each  other  and  all  of  the  other  lift 
da'is  (Fig.  1).   A  similar  trend  was  reported  in  the 
et.'lene  concentration  measured  in  the  atmosphere 
of'.he  cold  storage  facilities  at  the  same  nursery 
(J'lnson,  1982).   The  peak  value  in  that  study 
ocurred  about  a  month  earlier. 

The  significance  of  this  burst  of  ethylene  is 
unFiOwn,  but  it  may  be  associated  with  the  dormancy 

prpess.   The  month  difference  in  peak  value 
diiussed  above  can  be  explained  by  an  unusually 
wan  autumn  the  year  the  present  study  was  con- 
duied,  delaying  the  normal  dormancy  process. 
Corobative  data  for  the  Involvement  of  ethylene 
in'^ud  dormancy  comes  from  a  recently  published 
stly  In  which  bud  break  was  assessed  monthly 
(Jinson  and  Barnett,  1984).   In  that  study, 
co|ucted  a  year  later  with  VDF  seedlings,  the 
chiling  requirement  for  bud  break  was  not  met 
un  1  after  the  first  of  February.   The  ethylene 
pei  may  be  signaling  a  shift  In  seedling  meta- 


bolism from  a  dormant  state  to  a  state  of  acti- 
vity in  preparation  for  bud  break. 

The  absolute  values  for  the  roots  and  shoots 
reported  in  Fig.  1  reflect  the  addition  of  wound 
ethylene.   In  all  cases,  the  sum  of  root  plus 
shoot  always  exceeded  the  whole  seedling  value. 
The  "wound"  and  "hormonal"  ethylene  was  partitioned 
proportionately  and  found  not  to  differ  greatly 
either  by  lift  date  or  by  seedling  part  (Fig.  2). 
Root  "wound"  ethylene  was  consistently  higher  in 
the  early  lift  dates  (November  and  December)  as  was 
shoot  "wound"  ethylene.   However,  by  January  the 
differences  between  "wound"  and  "hormonal"  were  not 
consistent.   The  increase  in  ethylene  in  February 
was  equal  for  both  the  "wound"  and  "hormonal" 
levels,  though  the  roots  produced  more  than  twice 
that  of  the  shoots. 

Machine  lifting  had  a  significant  effect  on  the 
ethylene  production  of  whole  seedlings  (Fig.  3). 
The  hand  lifted  seedlings  did  not  differ  signifi- 
cantly between  January  and  March.   However,  ethy- 
lene content  was  Increased  38  percent  by  machine 
lifting  in  January  and  by  263  percent  in  March. 
Machine  lifting  not  only  tends  to  break  roots, 
but  the  stems  of  the  seedlings  may  be  compressed 
by  the  belts  of  the  lifting  machine.   The  large 
Increase  for  the  March  date  can  be  attributed  to 
the  lack  of  dormancy  that  was  probably  present  in 
the  January  lifted  seedlings. 
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Figure  2.  Ethylene  cont  iit  of  roots  (Rt)  ar.d  shoots  (St)  of  loblolly 

pine  partitioned  into  "wound"  (Wd)  and  "hormonal"  (HI)  ethylene  (see  text), 


These  results  further  indicate  that  dormant  seed- 
lings can  be  lifted  and  handled  with  less  damage 
than  non-dormant  seedlings. 
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Figure  3.   The  effect  of  lifting  method,  machine  versus  hand,  on  ethylene 
content  in  K-P  bags  of  loblolly  pine  seedlings  lifted  in  January  and 
March.   Bars  with  the  same  letter  are  not  statistically  different  at 
a  5  percent  probability  level. 
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FLUID  DRILLING 


A  TFXHNIQUE  FOR  IMPROVING  NURSERY  SEEDLING  ESTABLISHMENT- 
^       r,  2/ 

James  P.  Barnett— 


Abstract. — The  terra  "fluid  drilling"  is  commonly  used 
in  agriculture  for  a  technique  of  sowing  germinated  seeds 
directly  onto  soil  using  a  gel  carrier.   Sowing  of  gerrainants 
greatly  reduces  the  variable  effects  of  weather  and  seedbed 
condition  on  germination  and  leads  to  very  rapid  and  uniform 
seedling  establishment.   This  uniformity  in  establishment 
should  simplify  seedling  culture  and  reduce  the  percentage 
of  cull  or  low  quality  seedlings.   Fluid  drilling  involves 
techniques  that  obtain  uniform  germination  in  aerated  water, 
separate  germinated  from  ungerminated  seeds,  mix  the 
germinants  with  a  gel,  and  sow  the  gel  on  the  nursery  bed  or 
container  medium. 


INTRODUCTION 

Poor  seedling  establishment  is  one  of  the 
most  significant  problems  in  the  nursery  produc- 
tion of  high  quality  bare-root  seedlings. 
Climatic  extremes,  unfavorable  soil  conditions, 
and  the  presence  of  soil  pathogens  during  and 
following  sowing  may  drastically  affect  ger- 
mination and  survival.   Thus,  seeds  do  not  ger- 
minate and  develop  as  well  in  the  field  as 
standard  laboratory  germination  tests  indicate. 
Numerous  attempts  have  been  made  to  develop  vigor 
or  stress  tests  that  would  allow  nurserymen  to  be 
able  to  predict  field  performance  more  accura- 
tely.  However,  these  efforts  generally  have  been 
unsuccessful,  and  germination  tests  remain  the 
best  means  of  estimating  nursery  performance 
(Barnett  and  McLemore  1984). 

Problems  associated  with  poor  germination, 
irregular  spacing,  and  staggered  germination 
increase  the  percentage  of  cull  or  inferior 
seedlings  and  can  significantly  increase  seedling 
costs.   Ideally,  (1)  every  seed  sown  should 
result  in  a  seedling,  (2)  germination  should  be 
prompt  and  uniform,  and  (3)  each  seed  should  be 
accurately  spaced  within  the  nursery  bed.   Fluid 
drilling,  a  relatively  new  technique,  offers  the 
potential  of  meeting  these  objectives.   It 
involves  methods  to  obtain  uniform  germination  In 
aerated  water,  separation  of  germinated  from 
ungerminated  seeds,  gel  suspension  of  germinants, 
and  precision  sowing  of  the  gel  into  the  nursery 
bed. 
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tural  Research  Conference,  Atlanta,  Georgia, 
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Pineville,  La.  71360. 


DEVELOPMENT  OF  TECHNIQUES  FOR  FORESTRY 

Germination 

Poor  nursery  establishment  is  often  related 
to  poor  or  slow  germination.   Currah  and  his 
associates  (1974)  at  the  National  Vegetable 
Research  Station  in  England  established  the 
advantages  of  using  germinants  over  ungerminated 
seeds.   Fluid  drilling  techniques  allow  the  seed 
to  be  partially  germinated  under  optimum  con- 
ditions, then  the  gerrainants  are  sowed.   No 
allowances  have  to  be  made  for  poor  viability  or 
inconsistencies  between  laboratory  and  nursery 
germination.   Seeds  are  germinated  in  aerated 
water  with  optimum  temperature  and  light  con- 
ditions. 

1 

Earlier  work  (Barnett  1971)  with  aerated 
water  soaks  as  a  means  of  stimulating  gerrainatlo 
has  shown  that  germination  of  southern  pine  seed 
in  water  is  feasible.   Even  at  low  temperatures 
(about  40°F),  germination  will  eventually  occur, 
but  it  is  more  prompt  at  higher  temperatures 
(70°F).   Stratification  and  germination  processe 
can  be  done  in  aerated  water.   However,  the  most 
prompt  and  uniform  response  is  accomplished  when 
stratification  precedes  germination  (Barnett 
1984).   Our  tests  show  that  germination  in 
aerated  water  is  more  rapid  and  uniform  when  dor 
mant  seeds  such  as  loblolly  pine  {Pinue     taeda 
L.)  are  already  stratified  (table  1). 

Germination  in  water  can  be  done  with  equip" 
ment  as  simple  as  an  aquarium  tank  and  aerator; 
however,  more  sophisticated  and  reliable  equip- 
ment is  now  commerically  available  from  Fluid 
Drilling  Limited®.   Units  are  available  that 
aerate  the  water  and  maintain  temperatures  from 
near  freezing  to  about  95''F.   After  germination, 
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le^eed  development  must  be  arrested  until  It  Is 
)n2nlent  to  sow.   This  can  be  done  by  cooling 

Inants  to  near  32''F  and  maintaining  this  tera- 
tture  during  storage  for  up  to  2  weeks  (Currah 
)7). 


1. — Five-day  germination—  of  30-  and  60-day 
atlfied  loblolly  pine  seeds  in  aerated  water 
72°F  without  light 
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Our  work  in  developing  techniques  to  effec- 
iv|Ly  and  uniformly  germinate  in  aerated  water 
asbeen  primarily  with  loblolly  pine,  but  the 
emprature  and  light  responses  should  be  similar 
a   pher  southern  pine  species  as  well. 

I  Temperature. — The  optimum  germination  tern- 
arpure  for  loblolly,  slash  (P.  elliotti 
iglm.)  and  shortleaf  pine  (P.  eohinata   Mill.) 
aep  is  near  75°F  (Barnett  1979).   The  optimum 
araarature  remained  nearly  the  same  for  loblolly 
ae»  tested  in  aerated  water  (table  2). 


iVz   2. — Five-day  germination  —  of  60-day 
sratlfied  loblolly  pine  seeds  in  aerated  water 
(ith  light)  at  different  temperatures 
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'  arraination  based  on  tests  of  100  seeds  per 
spLcation. 

I  Light  exposure. — Southern  pine  seeds  must  be 
xpjed  to  light  to  achieve   prompt  and  uniform 
erLnatlon  (Nelson  1940).   The  quantity  of  light 
ecssary  to  satisfy  the  light  requirements  for 
er^nation  is  about  150  foot-candles  at  a  photo- 
erbd  of  16  hours  (Jones  1961).   Seed  stratifl- 
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cation  reduces  the  light  requirement   (McLeraore 
1964),  but  even  with  60  days  of  raolst-chllllng, 
light  during  the  aerated-water  germination 
improved  performance  (table  3).   If  seeds  are 
held  in  a  cloth  bag  when  aerated,  the  Intensity 
of  the  light  may  have  to  be   Increased  to  compen- 
sate for  the  reduction  of  light  that  reaches  the 
seeds. 

Table  3. — Five-day  germination—  of  60-day  stra- 
tified loblolly  pine  seeds  in  aerated  water  at 
72°F. 
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Mean 

83 

50 

78 

\_l   Germination  based  on  tests  of  100  seeds  per 

replication. 

2_/  Light  was  provided  at  an  Intensity  of  150 

foot-candles. 

Seed  Separation 

The  sorting  of  germinated  from  nongerminated 
seeds  is  an  Important  aspect  of  the  fluid 
drilling  process.   This  is  particularly  necessary 
when  germination  is  not  uniform  or  when  seed 
viability  is  low.   Taylor  and  others  (1978)  de- 
veloped a  density  sorting  method  using  a  sucrose 
solution  of  an  appropriate  specific  gravity.   The 
germinated  seeds  float,  whereas  the  ungermlnated 
ones  sink.   However,  a  specific  gravity  of  about 
1.2  is  necessary  to  separate  loblolly  pine  seeds. 
Because  it  is  difficult  to  obtain  such  a  high 
specific  gravity  solution,  we  are  in  the  process 
of  looking  at  other  techniques  that  show  promise 
in  sorting  seeds. 

The  simplest  way  to  upgrade  a  seed  lot  Is  to 
ensure  that  all  empty  seeds  are  removed  prior  to 
use.   Empty  seeds  can  be  25  to  30  percent  of  the 
seedlot.   This  separation  can  be  done  with  me- 
chanical equipment  such  as  gravity  tables  or  with 
liquids  of  appropriate  specific  gravity.   Empty 
loblolly  seeds  can  be  easily  floated  in  water. 
Hydrocarbon  liquids  must  be  used  for  other  pine 
species:   i.e.,  slash  (water-ethanol  mix), 
longleaf  (P.  palustvis   Mill.)  (pentane),  and 
shortleaf  (ethanol)  (Barnett  and  McLemore  1970). 

Two  new  methods  of  upgrading  seed  lots  are 
under  development.   The  first  removes  mechani- 
cally damaged  seeds.   The  technique  is  based  on 
the  principle  that  liquid,  under  pressure,  enters 
mechanically  damaged  seeds  more  easily  than  seeds 
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with  intact  coats.   Called  PREVAC,  this  method 
was  developed  by  Bergston  and  Lestander  (1983)  in 
Sweden  and  requires  further  refinement. 
Experiments  have  shown  that  floating  damaged 
seeds  quickly  lose  their  buoyancy  and  sink  when 
exposed  to  pressure.   This  procedure  may  work 
with  some  southern  pine  seeds,  but  it  would  not 
with  loblolly  pine  seeds  since  sound  seeds  sink 
in  water. 

The  second  method,  IDS,  separates  dead  from 
viable  seeds.   The  IDS  method  is  based  on  the 
principle  that  viable  seeds,  after  imbibition  and 
subsequent  drying,  lose  absorbed  moisture  at  a 
much  slower  rate  than  dead  seeds  (Simak  1981). 
This  causes  differences  in  weight  and  other  pro- 
perties between  the  two  seed  categories  and 
allows  separation  based  on  physical  principles 
such  as  flotation  and  specific  gravity. 

Extensive  evaluations  of  these  sorting 
methods  have  not  been  conducted  with  southern 
pine  seeds.   Our  limited  IDS  tests  with  loblolly 
pine  seeds  show  that  some  separation  is  feasible. 
Certainly  these  methods  should  provide  for 
upgrading  of  seed  lots,  even  though  it  is  not  yet 
possible  to  obtain  clear  separation  of  dead  & 
viable  seeds. 

Gel  Carrier  for  Drilling 

Germinants  from  the  aerated  water  treatment 
should  have  an  exposed  radicle  only  2  or  3  mm  in 
length,  but  even  these  are  subject  to  damage. 
For  protection,  germinants  are  normally  suspended 
in  a  viscous  gel  that  is  thick  enough  to  protect 
them  and  provide  a  means  of  transporting  and 
metering  a  given  quantity  of  seeds.   Fluid 
Drilling  Limited®  has  a  portable  mixer  that  effi- 
ciently mixes  a  carrier  powder  and  cold  water  to 
form  a  viscous  gel.   By  mixing  a  known  number  of 
seeds  into  a  quantity  of  gel,  the  seed  density 
(number  of  seeds  per  planted  area)  can  be  deter- 
mined by  the  rate  of  gel  application  (fig.  1). 

Drilling  _E£u_lgm e n t^ 

The  seed-gel  mixture  has  generally  been 
applied  with  a  planter  with  a  single  large 
holding  tank  and  a  number  of  peristaltic  pumps, 
one  pump  per  seed  row.   Each  pump  would  extract  a 
quantity  of  gel  determined  by  the  travel  speed  of 
the  planter.   The  planter  controls  the  seed  den- 
sity with  reasonable  accuracy,  but  the  resulting 
spacing  is  at  random.   Searcy  and  Roth  (1981) 
have  developed  a  prototype  precision  metering 
system  that  holds  considerable  promise  for 
accurate  spacing  of  seed  germinants. 
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Figure  1. — Diagramatic  representation  of  suspen- 
sion of  seed  germinants  in  a  gel  carrier. 

the  number  of  cull  plants  and  in  the  greenhouse 
energy  and  labor  required  for  seedling  produc- 
tion.  Use  of  optimum  germination  conditions  ar  I 
the  elimination  of  nonviable  seeds  will  allow 
maximum  yield  from  each  seed  lot.   Pregerminatl  > 
will  result  in  earlier  seedling  emergence  and 
will  allow  growth  to  proceed  over  a  range  of  te  i 
peratures,  including  those  at  which  seeds  may  ri 
normally  germinate.   Seedlings  developing  more 
uniformly  should  also  reduce  the  number  of  cull 
plants  due  to  less  interplant  competition.  The; 
benefits  are  being  used  in  vegetable  production  j 
and  they  should  be  further  investigated  for 
forest  practices. 


POTENTIAL  FOR  NURSERY  APPLICATIONS 

Although  the  use  of  pregerminated  seeds  in 
forest  seedling  production  has  not  been  reported, 
the  application  of  this  technique  could  result  in 
cost  reductions  in  both  seedbed  ana  containerized 
seedling  operations.   Reductions  should  occur  in 


Research  has  shown  that  germination  In 
aerated  water  is  entirely  feasible.   The  greate  ; 
research  need  is  to  develop  practical  technique 
to  remove  either  nonviable  or  ungermlnated  seed 
from  bulk  lots.   Development  of  more  precise 
drilling  equipment  is  needed  before  the  techniq  ^ 
can  become  fully  operational  in  forest  nurserle 
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MULCH  AND  TEMPERATURE  EFFECTS  ON 
GERMINATION  OF  SOUTHERN  PINE  SEEdI/ 


J.  A.  Vozzo 


2/ 


Abstract. — Temperatures  of  bare  soil  nursery  beds  were 
compared  with  the  temperatures  of  two  ground  covers,  hydroraulch 
and  pine  straw,  during  germination.   Temperature  was  deter- 
mined to  affect  gerraliiatloa  of  shortleaf,  slash,  longleaf, 
white,  and  loblolly  pine  seeds.   Thermal  lasulatlon  qualities 
of  both  contributed  to  decreased  field  germination.   Soil  tem- 
perature fluctuations  must  be  considered  as  a  factor  in  ger- 
mination when  selecting  a  ground  cover  for  physical  protection 
on  nursery  beds. 


Using  ground  covers  and  mulches  In 
southern  forest  tree  nurseries  Is  an 
established  practices  to  control  wind  and  water 
erosion  (Bosch  1976,  Rowan  1980).   Boyer  and 
South  (1984)  point  out  that  only  1  of  51  nur- 
series surveyed  did  not  use  some  type  of  mulch. 
The  mulches  used  were  hydromulch,  pine  straw, 
sawdust,  or  bark;  these  were  originally 
selected  for  the  way  their  physical  charac- 
teristics assisted  In  erosion  control. 
However,  these  same  attributes  also  affect  the 
biological  interplay  leading  to  seed 
germination. 

Pine  seeds  are  known  to  have  an  optimum 
temperature  range  for  storage,  stratification, 
and  germination  (USDA  1974).   Hydromulch  In 
particular  acts  as  a  thermal  insulator  with  an 
R  value  of  4.0  per  Inch  (personal 
coramunlcatlon)_' .   The  relative  popularity  of 
hydromulch  and  availability  of  pine  straw 
suggest  that  their  temperature  effects  should 
be  considered  when  these  two  are  used  as  a 
mulch  for  germinating  pine  seeds  in  the  nur- 
sery.  The  findings  of  Rowan  (1980,  1982)  sup- 
port continued  use  of  both  types  of  mulch  to 
Increase  seedling  production.   The  objective  of 
this  study  is  to  determine  what  temperature 
effects  come  into  play  when  these  ground  covers 
are  used  as  mulches  in  forest  tree  nurseries. 


—  Paper  presented  at  Southern 
Sllvicultural  Research  Conference,  Atlanta, 
Georgia,  November  7-8,  1984. 
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—  Research  Plant  Physiologist,  Southern 

Forest  Experiment  Station,  Forest  Service — USDA 
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—  Cincinnati  Fiber,  Feb. 
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MATERIALS  AND  METHODS 

Plnus  echlnata  (shortleaf),  P.  elllottll 
(slash),  P.  palustrls  (longleaf),  P.  strobus 
(white),  and  P.  taeda  (loblolly)  seeds  were  used" 
in  the  plantings.   Each  species  was  represented 
by  100  seeds  from  each  of  3  different  lots — for 
total  of  300  seeds  per  species.   The  seeds  were 
mixed  and  randomly  divided  for  treatment  into 
three  100-seed  groups.  m 

Shortleaf,  white,  and  loblolly  seeds  were 
stratified  at  2°C  for  28  days.   Slash  and       ' 
longleaf  seeds  were  not  stratified.   All  seeds 
were  planted  the  same  day  in  nursery  beds  pre- 
pared at  the  Forestry  Sciences  Laboratory  in     I 
Starkvllle,  Mississippi.   Two  beds  were  prepared 
for  each  of  2  replications  of  100  seeds  for  all 
species.   The  remaining  100  seeds  of  each  specie 
were  placed  on  a  thermogradient  plate  for 
laboratory-conditioned  germination.   Data  from  tie 
latter  test  are  not  yet  complete  and  will  be     ' 
reported  later.   Seeds  were  placed  in  one  of  thr^  e 
treatments:   control  (soil  only  with  no  mulch), 
hydromulch,  or  pine  straw.   Seeds  were  planted  II 
mm  deep  in  nursery  beds  with  either  a  10  mm  laye 
of  hydroraulch  or  a  15  mm  layer  of  pine  straw 
covering. 

Temperatures  were  observed  using  two 
methods.   First,  two  remote  thermographs  with 
three  recording  probes  each  were  used  for  con- 
tinuous and  recorded  readings.   Each  treatment  h 
the  nursery  beds  had  a  probe  burled  at  the  lO-mm 
(planted  seed)  level.   The  probe  authomatlcally 
recorded  continuous  temperatures  in  the  soil.    I 
Each  treatment  replication  had  its  separate  probf  j 
and  recording.   In  addition  to  the  recording     [ 
thermographs,  an  additional  six  soil  thermometer! 
were  places  alongside  the  process. 
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Seeds  were  planted  In  April  1983  and  April 
1984.   Temperatures  were  recorded  for  6  weeks 
while  seeds  germinated  in  the  beds.   Weather 
data  were  also  collected  from  the  National 
Weather  Service  to  reflect  the  air  tem- 
peratures.  Seed  germination  was  counted  three 
times  a  week.   Data  reported  here  is  the 
average  of  both  the  1983  and  the  198A  obser- 
vations. 

RESULTS  AND  DISCUSSION 

Maximum  and  minimum  absolute  soil  tem- 
peratures and  average  high  and  low  soil  tem- 
peratures for  seed-level  soil  of  each  treatment 
were  compared  to  average  daily  high  and  low  air 
temperatures  during  the  germination  period  (fig. 
1).   Germination  was  observed  and  recorded  as 
germination  capacity  and  peak  value  (table  1). 

The  highest  germination  capacity  was 
observed  in  the  control  treatment  of  each  spe- 
cies tested.   With  the  exception  of  slash  pine, 
the  lowest  germination  capacity  was  always 


under  hydromulch,  while  pine  straw  was  usually 
intermediate.   As  shown  in  figure  1,  the  control 
treatment  had  the  largest  variation  of  temperature 
ranges,  and  hydromulch  had  the  smallest  ranges. 
All  species  were  well  within  the  usual  20°  to  30°C 
recommended  range  for  germination  (USDA  1974). 

Thermal  Insulation  is  specific  for  each 
treatment.   This  is  readily  compared  by  observing 
the  variation  of  maximum  and  minimum  absolute  tem- 
peratures of  each  treatment  from  the  average  daily 
high  and  low  air  temperatures  (fig.  I).   The 
cBntrol  treatment  had  the  least  insulation  and  the 
most  variance  (41°C).   Hydromulch  had  the  most 
insulation  and  least  variance  (29°C),  while  pine 
straw  was  Intermediate  with  39°C  variance.   The 
average  daily  air  temperature  for  the  germination 
period  was  21°C.   The  average  daily  soil  tem- 
peratures for  each  treatment  were  23°C  for 
control,  21°C  for  hydromulch,  and  22°C  for  pine 
straw.   Hydromulch  again  displayed  its  insulation 
properties  by  maintaining  an  average  soil  tem- 
perature that  was  comparable  to  the  average  air 
temperature. 


Figure  1.   Soil  temperature  (  C)  at  10  ram  (seed  level)  for  bare  soil  and  two  nursery  bed  mulches. 
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'able  1.   Germination  capacity  (GC)  and  peak  value  (PV)  of  seeds  from  five  southern  pine  species 
planted  in  bare  soil  or  covered  with  one  of  two  mulches. 


SHORTLEAF 

SLASH 

LONGLEAF 
GC                  PV 

WHITE 

LOBl 
GC 

.OLLY 
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GC- 

L/ 

PV2/ 

GC 

PV 

GC 

PV 

PV 

ire   Soil 

23 

0.82 

54 

1.46 

48al/ 

1.80 

13 

0.36 

35 

1.01 

ydromulch 

2 

0.06 

23 

0.58 

13a 

0.31 

2 

0.07 

14 

0.36 

ine   Straw 

10 

12.90 

20 

1.35 

14 

0.94 

4 

0.33 

19 

1.02 

'I   GC  =  percent  germination  occurring  up  to  time  of  peak  or  maximum  germination. 

/  PV  =  maximum  value  of  cumulative  germination  percentage  divided  by  days  of  test. 

I   Signifies  significant  differences  at  0.05  level  using  Bonferroni  method  of  multiple  t_  test. 
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CONCLUSIONS 

Seed  germination  Is  enhanced  by  soil  tem- 
perature variation.   This  has  been  readily 
shown  for  crop  seeds  (Toole,  et  al  1955; 
Thompson  1973,  and  Toole  and  Koch  1977)  as  well 
as  forest  tree  seeds  (Devlllez  1978).   The 
results  reported  here  also  support  Increased 
germination  due  to  fluctuating  soil  temperatures 
at  the  seed  level  even  though  the  germination 
values  were  relatively  low  for  all  species. 

Protective  qualities  of  any  cover  or  mulch 
are  going  to  affect  resultant  soil  temperatures, 
which  then  affect  seed  germination.   An  ideal 
mulch  would  provide  physical  protection  against 
wind  and  water  erosion  without  Interfering  with 
seed  germination.   Thermal  Insulation  qualities 
of  any  mulch  may  contribute  to  a  decreased 
field  emergence  by  not  allowing  sufficient  soil 
temperature  fluctuations.   This  concept  is 
valid;  however,  one  must  also  recognize  other 
contributing  factors  such  as  physical  and  chem- 
ical soil  composition,  photoperlod  requirements, 
micro-environments,  and  soil  pathogenic 
organisms  that  affect  seed  germination  and 
seedling  emergence.   If  mulch  is  required  to 
diminish  seed  loss  by  erosion,  then  you  may 
have  to  decide  which  Is  more  Important,  reduced 
loss  due  to  erosion  or  reduced  gerrainatlon  due 
to  Insulation.   In  this  case,  the  temperature- 
regulating  properties  may  be  of  less 
significance. 
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SITE  PREPARATION  EFFECTS  ON  SELECTED  SOIL  PROPERTIES  AND 
EARLY  LOBLOLLY  PINE  SEEDLING  GROWThI/ 
by  C.L.  Tuttle,  M.S.  Golden,  and  R.S.  Meldahl?./ 


Abstract. — Shear/burn,  shear/single  chop/burn,  and 
shear/rake/pile/bed  site  preparation  systems  all 
significantly  reduced  competition  and  debris,  with  the  bedded 
treatment  being  the  most  efffective.   However,  after  two 
years,  the  shear/burn  and  the  chop/burn  treatments  had 
significantly  higher  vegetation  levels  than  did  the  bedded 
plots.   Soil  nutrient  concentrations  were  not  significantly 
different  for  the  treatments  after  two  years  although  as 
treatment  intensity  increased,  nutrient  concentration  tended 
to  decrease.   As  expected,  bulk  density  was  lower  on  the 
bedded  areas  following  treatment  and  higher  on  the  other 
areas.   But,  after  two  seasons,  bulk  densities  on  all  three 
treatments  were  near  the  pretreatment  levels,  with  the  bed 
bulk  density  being  significantly  higher  than  bulk  density  on 
the  shear/burn  or  the  chop/burn  systems.   Loblolly  pine 
seedling  height  and  survival  were  not  significantly 
influenced  by  the  site  preparation  systems  used.   Ground  line 
diameter,  however,  was  increased  on  the  more  intensive 
treatments. 


INTRODUCTION 

Common  forest  practices  involve  clearcut 
aiiesting  followed  by  artificial  regeneration, 
uf  clearcutting   leaves  large  quantities  of 
esdue  and  debris  on  the  site  as  tops,  stumps, 
ndundesirable  standing  stems  (Siccama  et  al. 
97,  Murphy  and  Knight  1974,  Howard  1978,  Hart 
t  1.  1980,  McNab  and  Saucier  1980).   This 
atrial  may  increase  competition  and  reduce  pine 
stblishment  because  of  higher  seedling 
iOrjplity  and  reduced  growth. 

! Mechanical  site  preparation  is  used 
ri'arily  to  facilitate  planting  operations  and 
o  2duce  competition  (DeByle  1976,  Haines  and 
aijs  1978).   Debris  reduction  results  in 
ncjased  planting  efficiency  and  thus  lower 
'la;ing  costs.   Site  preparation  may  also  remove 
<r   sstroy  remaining  stems  and  rootstocks, 
edsping  vegetative  competition  for  light. 


J    Paper  presented  at  Southern  Silvicultural 
'eslrch  Conference,  Atlanta,  Georgia,  November 
-8|1984. 

/  authors  are  Research  Associate,  Associate 
rojssor,  and  Assistant  Professor,  School  of 
ot'itry  and  Alabama  Agricultural  Experiment 
taj.on,  Auburn  University,  Auburn,  Alabama, 
es]|ctivly. 


nutrients,  and  water  and  increasing  seedling 
survival  and  growth,  particularly  during  the 
establishment  phase  of  regeneration  (Clason  1978, 
Cain  and  Mann  1980). 

Mechanical  site  preparation  typically  uses 
large  heavy  machines  (over  20,000  kg)  and  these 
may  have  adverse  impacts  on  forest  land.   Soils 
may  become  compacted  with  bulk  density  increases 
of  25%  to  75%.   Reduced  site  productivity  occurs 
when  infiltration,  soil  porosity,  and  soil 
aeration  are  reduced  by  compaction  (Hopkins  and 
Patrick  1969,  Shoulders  and  Terry  1978). 

The  most  damaging  effect  of  mechanical  site 
preparation,  however,  is  surface  soil  disturbance 
and  displacement.   Raking  and  piling  operations 
may  physically  remove  over  8  cm  of  soil  from  the 
plantable  area  (May  et  al.  1973,  Glass  1976, 
Sarigumba  and  Anderson  1979).   Severe  disturbance 
may  also  lead  to  increased  erosion  which  may 
reduce  growth  (May  et  al.  1973,  Glass  1976,  Hunt 
and  Miller  1976,  Blackburn  et  al.  1978,  Sarigumba 
and  Anderson  197  9,  Wischmeier  and  Smith  1978). 

Mechanical  site  preparation  effects  have 
been  well  documented  for  the  Lower  Coastal  Plain 
and  Piedmont  regions  of  the  Southeastern  United 
States.   However,  large  portions  of  the  southern 
forests  are  located  on  upland  Coastal  Plain  soils 
for  which  there  is  little  documentation. 
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This  study  was  designed  to  compare  the  effects  of 
three  mechanical  site  preparation  systems  on 
upland  Coastal  Plain  forest  sites  in  Alabama. 


(Rhus  spp.).   Site  3  contained  loblolly  pine 
(Pinus  taeda  L.)  as  the  primary  conifer,  whil 
sites  1  and  2  were  dominated  by  longleaf  pine 
( Pinus  palustris  Mill.)  prior  to  harvest. 


METHODS 

On  each  of  three  Hilly  Coastal  Plain  sites, 
a  randomized  complete  block  design  with  three 
site  preparation  systems  was  installed  during 
1980  and  1981  .   The  site  preparation  systems 
examined  were  shear/burn,  shear/single  chop/burn, 
and  shear/rake/pile/bed.   In  the 
shear/rake/pile/bed  system,  the  beds  were  placed 
along  the  contour  following  the  piling 
operations.   The  number  of  replications  varied 
from  three  to  six  per  site,  depending  on  the 
suitable  land  area  available.   The  study  areas 
are  owned  by  Hammermill  Paper  Company.   Company 
personnel  applied  the  treatments  in  an 
operational  manner.   We  gratefully  acknowledge 
the  help  and  cooperation  of  Hammermill  Paper 
Company. 


Study  Sites 

Study  areas  were  located  after  completion 
of  the  harvesting  operations.   Site  1  was  located 
in  fall  1980  and  four  replications  were 
established.   Burning  treatments,  where 
applicable,  were  applied  during  late  fall 
approximately  three  weeks  after  mechanical 
treatment.   Site  1  soils  are  members  of  the  Jones 
sandy  loam  series  (course-loamy,  siliceous, 
thermic  Ultic  Hapludalfs).   Sites  2  and  3  were 
located  in  the  spring  of  1981.   Three 
replications  were  placed  on  site  2  and  six  on 
site  3  during  the  late  spring.   Burning  of  sites 

2  and  3  occurred  during  late  May  and  early  June 
1981.   Site  2  soil  was  a  Smithdale  sandy  loam 
(fine-loamy,  siliceous,  thermic  Typic  Paleudults) 
and  site  3  soil  a  Shubuta  sandy  clay  loam 
(clayey,  kaolinitic,  thermic  Typic  Hapludults). 
Slope  averaged  11%,  9%,  and  7%  for  sites  1,2, 
and  3,  respectively.   Site  1  was  primarily  on  a 
southern  aspect,  while  the  aspect  on  sites  2  and 

3  varied.   The  burning  operations  on  all  three 
sites  were  very  successful.   Treatment  area  size 
varied,  but  after  treatment  application  20  X  20  m 
measurement  plots  were  installed  with  minimum  10 
m  buffer  strips  on  each  side.   Soil  and 
vegetation  samples  were  collected  after  the 
conclusion  of  the  harvesting  operations  prior  to 
site  preparation,  after  the  site  preparation 
systems  were  applied,  and  at  the  end  of  each  of 
the  first  two  growing  seasons. 

Woody  vegetation  located  on  all  three  sites 
prior  to  site  preparation  was  similar  in  nature. 
The  predominant  hardwood  species  included  dogwood 
(Cornus  f lorida  L.),  persimmon  (Diospyros 
virR\niana  L. ) .  sassafras  (Sassafras  albidum 
Nutt.),  sweetgum  (Liquidambar  styraciflua  L.), 
blackgum  (Nyssa  sylvatica  Marsh.),  oaks  (Quercus 
spp.),  hickories  (Carya  spp.),  sparkleberry 
(Vaccinium  arboreum  Marsh.),  and  sumac 


Sample  Collection  and  Analysis 

Debris  and  woody  stems  greater  than  10  ci 
DBH  (diameter  breast  high)  on  the  study  sites 
were  measured  prior  to  site  preparation  using 
four  3 .6  m  circular  plots.   After  site 
preparation,  woody  stems  over  10  cm  DBH  and  a 
tops,  logs,  and  stumps  were  counted  on  the 
complete  20  X  20  m  measurement  plot.   Herbace 
competition,  litter  cover,  debris,  vines,  and 
woody  stems  less  than  10  cm  DBH  were  evaluate 
using  eight  2.3  X  2.3  m  quadrats  on  each 
measurement  area  at  all  four  sampling  times. 
Herbaceous  cover,  vine  cover,  and  small  debrin 
were  expressed  as  percent  ground  cover,  whilei 
woody  stems,  stumps,  logs,  and  tops  were  talli 
individually.   Sampled  values  were  then  expan>i 
to  a  per  hectare  basis. 

Bulk  density  estimates  were  obtained  foif 
surface  soil  by  using  a  7.62  cm  diameter  ringi, 
7.62  cm  long,  resulting  in  a  core  volume  of  JfijiS 
cc  (Blake  1965,  Terry  et  al.  1980).   Five  coicJ 
were  collected  from  each  measurement  plot  at  ?=jh 
sampling  time  and  averaged  to  obtain  plot  bu!  < 
density.   These  cores  were  randomly  located  c: 
the  shear/burn  and  the  shear/chop/burn  systei  ; 
On  the  bedded  plots,  the  cores  were  collected 
from  random  placement  along  the  upper  side  s  c 
of  the  bed  (Terry  et  al.  1980). 


Soil  samples  for  nutrient  determination 
were  collected  from  three  randomly  located  p' 
per  plot.   Four  7.62  cm  long,  7.62  cm  diamet 
successive  depth  increments  were  collected  a 
each  point  giving  a  total  sampling  depth  of 
cm.   Collection  of  incremental  soil  samples 
accomplished  using  a  portable  sample  core  tu 
(Tuttle  et  al.  In  press).   The  upper  30.48  c 
soil  zone  was  chosen  for  analysis  as  it 
represents  the  major  rooting  zone  of  young 
seedlings  and  supplies  most  of  the  nutrients 
water  used  in  establishment  and  early  growth 
(Trouse  and  Humbert  1961,  Hopkins  and  Patric 
1969,  Newman  and  Andrews  1973,  Haines  and  Ha 
1978,  Nye  1961).   Soil  displacement  was  ocul 
estimated  during  and  after  site  preparation 
treatments.   Also,  the  degree  of  erosion  was 
ocularly  estimated  as  the  percentage  of  the  i 
plot  affected  at  each  sampling  time. 


f  'ill 


Soil  Analysis  Methods 

Soil  samples  were  air-dried  and  passed 
through  a  2  mm  sieve  screen  in  preparation  i  '> 
analysis  (Jackson  1958).  Soil  organic  mattf - 
content  was  estimated  by  the  Walkley-Black  v ^ 
digestion  procedure  (Jackson  1958,  Allison  J^j'^ 
Soil  P  was  extracted  using  a  dilute  fluoric  3j 
solution  and  determined  using  the 
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ilorostannous-reduced  molybdophosphoric  blue 
)lor  method  in  a  hydrochloric  acid  system 
Jackson  1958)  and  Ca,  Mg,  K,  and  Mn  were 
ctracted  with  1  N^  ammonium  acetate  adjusted  to 
1  7  .0  and  determined  using  atomic  absorption 
sectrophotometery  (Chapman  1965).   Strontium 
iloride  was  added  to  the  sample  dilutions  to 
iduce  interference  during  Ca  and  Mg 
"terminations  (David  1960).   Soil  pH  was 
termined  using  a  1:1  soilrwater  mix  (Adams  and 
/ans  1962,  Peech  1965).   Nitrogen  content  of  the 
)il  was  determined  by  block  digestion  and 
jlorimetric  assay  (Nelson  and  Sommers  1972, 
italdo  et  al.  1974,  Isaac  and  Johnson  1976, 
astin  1977). 


Seedling  Planting  and  Measurement 

Seedlings  were  planted  on  the  three  study 
ites  during  the  winter  following  application  of 
tie  appropriate  site  preparation  system, 
eedlings  were  grown  in  Hammermill  Paper 
ompany's  nursery  and  were  planted  at  a  nominal 
ipacing  of  1.8  X  2.4  m.   Seedlings  planted  were 
-0  improved  stock  and  were  hand  planted  by 
ompany  crews  using  dibbles. 

Shortly  after  planting,  the  number  of 
eedlings  planted  and  the  total  height  of  each 
eedling  were  recorded  on  each  measurement  plot, 
fter  the  first  and  second  growing  seasons,  total 
eight  and  survival  were  again  recorded.   Also, 
fter  the  second  growing  season,  ground  line 
iameter  (GLD)  was  measured. 

Data  were  analyzed  using  Analysis  of 
lariance,  General  Linear  Models,  and  Duncan's 
[ultiple  Range  Tests.   These  procedures  are  part 
f  the  SAS  Institute's  program  package  (Freund 
nd  Littell  1982). 


RESULTS  AND  DISCUSSION 

I    Prior  to  bedding,  2  to  4  cm  of  surface  soil 
fere  pushed  into  windrows  during  piling 

perations.   This  is  less  than  that  commonly 
jeported  for  raking  and  piling  operations  (May  et 

1.  1973,  Glass  1976,  Blackburn  et  al.  1978). 
Ipplication  of  the  shear/burn  and  the  chop/burn 

ystems  resulted  in  little  observable  soil  loss, 
tfter  observing  all  three  site  preparation 
lystems  used,  we  felt  it  would  be  difficult  to 
Iperationally  apply  these  site  preparation 
systems  on  these  sites  with  less  topsoil 
|isturbance  and  displacement.   Thus  these 
ipplications  represent  careful,  skillfully 
ipplied  mechanical  site  preparation  treatments, 
jot  poorly  applied  ones. 

I    All  three  site  preparation  systems 
ignificantly  reduced  logging  residue  and  debris 
ITable  1).   The  number  of  stumps,  logs,  and  stems 
^ere  reduced  up  to  90%.   Pretreatment  samples 
?howed  most  of  the  debris  and  dead  residue  was 
rom  harvesting  of  the  loblolly  or  longleaf  pine 


timber.  However,  standing  stems  were  primarily 
low  value  hardwoods  (i.e.  oaks,  sweetgum, 
dogwood,  and  blackgum)  and  small,  poor  qualtity 
pine  stems.  After  the  site  preparation  systems 
were  applied,  over  80%  of  the  remaining  residue 
and  debris  and  over  95%  of  the  standing  stems 
were  hardwood. 

The  three  systems  all  greatly  reduced  woody 
stems  (Table  1).   As  expected,  the  more  intensive 
chop/burn  and  bed  systems  had  fewer  remaining 
stems  than  did  the  shear/burn  system.   Some  of 
the  smaller  stems  were  only  pushed  over  by  the 
shear/burn  system  and  straightened  up  after 
treatment.   By  the  second  season,  competing  woody 
stems  on  the  shear/burn  and  the  chop/burn  systems 
were  twice  that  on  the  bedded  treatment  (Table 
2).   The  raking  and  piling  steps  of  the  bed 
system  removed  many  root  stocks  and  seeds  which 
produce  competing  vegetation.   Chop/burn  plots 
had  the  highest  number  of  woody  stems  after  two 
growing  seasons,  although  not  significantly  more 
than  the  shear/burn  treatment.   Shearing  action 
severed  standing  stems,  producing  stumps  which 
often  sprouted  and  the  drum  chopper  cut  the 
sheared  stems  and  root  stocks  into  segments, 
increasing  the  number  of  sprouting  points. 

All  treatments  significantly  altered  the 
soil  surface  covering.   Following  site 
preparation,  all  three  systems  had  reduced  the 
quantity  of  litter,  small  debris,  and  vines  on 
the  soil  surface  (Tables  1  and  2).   Litter 
concentration  continued  to  decrease  on  the 
shear/burn  and  the  chop/burn  systems,  while  vine 
cover  and  the  number  of  stems  both  increased 
through  the  study.   On  these  plots  surface  litter 
was  partially  removed  during  treatment  and  much 
of  the  remaining  litter  rapidly  decomposed. 
Since  there  was  little  living  woody  vegetation  on 
the  sites  following  site  preparation  and 
planting,  the  litter  lost  could  not  be  quickly 
replaced.   The  bed  system  had  an  extremely  low 
litter  cover  after  site  preparation.   However, 
litter  cover  increased  to  21%  after  one  season  as 
the  loose  soil  of  the  beds  settled,  exposing 
organic  material  incorporated  in  the  beds. 
Between  the  first  and  second  growing  seasons, 
litter  cover  on  the  bedded  plots  decreased  again 
due  to  organic  matter  decomposition. 

As  the  site  preparation  systems  reduced  the 
quantity  of  debris,  litter,  and  vine  cover  on  a 
site,  the  amount  of  bare  soil  increased  (Table 
2).   Bare  soil  on  all  three  systems  increased  due 
to  treatment.   As  expected,  the  bedding  system 
produced  the  most  bare  soil  (92.2%).   Raking  and 
piling  removed  most  of  the  surface  cover  and  the 
bed  formation  then  continued  to  further  reduce 
surface  cover.   During  the  first  two  seasons, 
bare  soil  on  the  bedded  areas  dropped  40%  to  50% 
as  vegetation  began  to  become  established.   The 
shear/burn  and  the  chop/burn  systems  both 
increased  bare  soil  20%  to  25%  during  treatment 
application.   These  two  systems  had  only  slight 
decreases  in  the  quantity  of  bare  soil  during  the 
first  two  growing  seasons. 
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Table  1. — Quantity  of  stems,  stumps,  logs,  tops,  and  small  debris  for  the  three  site 
preparation  treatments  before  and  after  site  preparation.   Means  within  a  time  with 
the  same  letter  are  not  significantly  different  at  the  0.05  level. 


Time 


Site 

Preparation 

Treatment 


Total 

Standing 

Stems 


Total 

Number 

Stumps 


Total 

Number 

Logs 


Total 

Number 

Tops 


Small 
Debris 


per  ha 


%  cover 


Pretreatment 


Shear/burn 

Chop/burn 

Bed 


9,077  A 
8,982  A 
8,057   A 


1,215  A 
1,158  A 
1,332  A 


874 

A 

390 

A 

613 

A 

156 

A 

112 

AB 

47 

B 

332  A 
201  AB 
161   B 

16.5  A 
12.2  A 
11.2  A 

4  A 
2  A 
0  A 

8.4  A 
7.3  A 

2.5  B 

Post  Treatment 


Shear/burn 

Chop/burn 

Bed 


1,072  A 
116   B 
445  B 


259  A 
228  A 
118  A 


Table  2.   Effect  of  site  preparation  treatment  on  the  total  number  of  hardwood  stems  and  on 
litter,  vines,  and  bare  soil  cover  at  each  of  the  four  sampling  times.   Means  at  a  time 
with  the  same  letter  are  not  significantly  different  at  the  0.05  level. 


Site 

Number 

Time 

Preparation 

Litter 

Vines 

Bare 

Hardwood 

Treatment 

Soil 

L 

Stems 



-  -  - 

% 

-  -  - 



per  ha 

Shear/burn 

79.9 

A 

9.2 

A 

8.0 

A 

7,975  A 

Pretreatment 

Chop/burn 

76.2 

A 

10.5 

A 

9.1 

A 

8,073  A 

Bed 

78.4 

A 

7.8 

A 

5.4 

A 

6,789  A 

Shear/burn 

55.2 

A 

0.2 

A 

33.5 

B 

1,072  A 

Post  Treatment 

Chop/burn 

57.2 

A 

0.1 

A 

32.2 

B 

116   B 

Bed 

6.5 

B 

0.2 

A 

92.2 

A 

445  B 

Shear/burn 

45.3 

A 

11.3 

A 

30.0 

B 

18,825  A 

1  Season 

Chop/burn 

44.5 

A 

9.7 

A 

34.0 

B 

21,074  A 

Bed 

21.2 

B 

16.2 

A 

61.1 

A 

10,433   B 

Shear/burn 

32.2 

A 

14.2 

AB 

25.0 

B 

27,165  A 

2  Seasons 

Chop/burn 

36.1 

A 

16.2 

A 

25.2 

B 

28,304  A 

Bed 

16.3 

B 

8.1 

B 

55.6 

A 

14,056   B 
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One  major  concern  regarding  intensive  site 
earation  is  that  the  baring  of  the  soil 
iijace  may  detrimentally  affect  a  forest  site. 
•Dval  of  the  litter  layer  opens  the  soil  up  to 
.ict  rainfall  impact,  which  can  destroy  surface 
»i  structure  by  reducing  particle  aggregation, 
li  tends  to  increase  erosion  losses  since 
liler  particles  are  more  susceptible  to  erosion 
hichmeier  1962,  Farmer  and  Van  Haveren  1971). 
ue  small  particles  may  also  filter  into 
iiiace  pores  and  reduce  infiltration  and 
iiition.   However,  after  two  growing  seasons, 
ie  than  5%  of  the  study  area  had  evidence  of 
'Ciion.   Some  small  rills  and  slight  sheet 
■cion  occurred  on  the  treatments.   The  bedded 
.cs  had  more  rills  (3%  to  5%  of  the  area)  than 
ushear/burn  or  the  chop/burn  areas.  Less  than 
;  f  the  shear/burn  or  the  chop/burn  treatment 
:i   was  found  to  be  eroding  after  two  seasons, 
rcion  on  the  sites  examined  was  found  to  be 
.IT,  but  scattered  small  areas  with  more  severe 
rcion  problems  were  observed  outside  of  the 
:iy  plots. 


Site  Preparation  Effects  on  Soil  Nutrients 

Site  preparation  system  had  no  significant 
iict  on  soil  nutrient  concentrations  in  the 
>{r  30.48  cm  after  two  seasons  (Table  3).   As 
r(|tment  Intensity  increased,  nutrient 
n'entration  tended  to  decrease.   The  bed  system 
:1  most  intense)  had  the  lowest  nutrient 
)ientrations.   The  trend  of  decreasing  nutrient 
)ientration  as  site  preparation  intensity 
neased  was  apparently  due  to  soil  disturbance 
Kdisplacement .   However,  soil  organic  matter 
)i  ent  was  increased  as  site  preparation 
ilnsity  increased.   The  chop/burn  and  bed 
?iemB  incorporated  portions  of  the  litter  layer 
It;  the  upper  soil,  thus  increasing  the  organic 
rition.   This  extra  organic  matter,  much  of 
lih  may  resist  rapid  decomposition,  will  slowly 
ijly  some  nutrients  as  it  is  broken  down  over 


II next  several  years. 


Treatment  Effects  on  Surface  Bulk  Density 

Site  preparation  system  influenced  soil  bulk 
density  at  all  sampling  times  (Table  4).   Prior 
to  treatment,  no  differences  were  found,  but 
through  the  first  two  seasons,  soil  bulk  density 
changed  significantly.   The  shear/burn  and  the 
chop/burn  systems  compacted  the  soil  during  site 
preparation,  but  as  time  passed  bulk  density 
decreased  as  plant  roots  grew  through  the 
compacted  layers.   After  one  year,  bulk  density 
on  both  these  treatments  was  near  the 
pretreatment  levels  with  further  reductions 
during  the  second  year.   Bulk  density  on  the 
bedded  plots  decreased  after  site  preparation  due 
to  the  bed  formation.   The  bedding  harrows  disk 
the  surface  soil  as  it  is  formed  into  beds,  thus 
loosening  the  soil.   However,  during  the 
following  two  seasons,  these  beds  settled, 
resulting  in  bulk  density  increases  to 
approximately  pre-treatment  levels.   Bed  settling 
is  though  t  to  be  caused  by  raindrop  impact 
destroying  soil  structure. 

At  no  time  during  the  study  period  did  soil 
bulk  density  become  an  obvious  detrimental 
factor.   The  bulk  densities  found  were  all  well 
below  levels  (approximately  1.4  g/cc  for  these 
soil  textures)  which  reportedly  reduce  pine 
seedling  growth  and  survival  (Mitchell  1979, 
Halverson  and  Zisa  1982). 


Site  Preparation  Effects  on  Loblolly  Pine 
Seedlings 

Site  preparation  system  had  no  significant 
effect  on  loblolly  pine  seedling  total  height  at 
any  sampling  time,  but  after  two  seasons  the  more 
intensive  treatments  tended  to  have  slightly 
taller  seedlings  (Table  5).   As  with  total 
height,  seedling  survival  was  not  significantly 
affected  but  the  more  intensive  treatments  had 
slightly  higher  survival  percentages. 


Table  3. — Effect  of  site  preparation  treatment  on  available  soil  nutrient  concentration, 
organic  matter,  and  pH  in  the  upper  30.48  cm  of  the  soil  at  the  end  of  the  second  growing 
season.   Means  with  the  same  letter  are  not  significantly  different  at  the  0,05  level. 


Site 

Preparation 

Treatment 


Soil  Nutrients 


Ca 


Mg 


Mn 


N 


Soil 
Organic    pH 
Matter 


kg/ha  % 

Shear/burn              1631.7    A     303.0   A     180.9   A  199.8   A       6 .4  A     2212.8   A  1.03  B  4.3   AB 

Chop/burn                 1502.7    A     289.5   A     179.5   A  198.4  A       5.3   A     2086.1    A  1.18  AB  4.4  A 

Bed                        1554.5   A     284.1   A     164.2   A  189.2  A       4.1   A     2020.4  A  1.28  A  4,2      B 
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Table  4. — Site  preparation  treatment  effects  on 
surface  soil  bulk  density  at  each  sampling 
time.   Means  within  a  time  with  the  same  letter 
are  not  significantly  different  at  the  0.05 
level. 


Time 


Pretreatment 


Site 

Soil 

Preparation 

Bulk 

Treatment 

Density 

Shear/burn 

Chop/burn 

Bed 


-  g/cc  - 

1.19  A 
1.18  A 
1.21  A 


Seedling  GLD  was  the  only  seedling  measure 
significantly  affected  by  site  preparation 
system.  The  bed  system  had  larger  diametei 
the  chop/burn  or  the  sh  ear/burn  treatments 
Competition  levels  on  both  the  chop/burn  ai 
bed  systems  were  lower  than  the  level  on  tl 
shear/burn  system  immediately  after  treatmt 
application  (Tables  1  and  2).  However,  dui 
the  latter  portion  of  the  first  and  all  of 
second  season,  the  chop/burn  system  compet: 
levels  increased  dramatically  as  stumps  an( 
sprouted  (Table  2).  The  bedded  plots,  froi 
most  of  the  hardwood  stumps  and  roots  were 
removed,  continued  to  have  lower  competiti( 
levels.  This  afforded  seedlings  on  beds  mc 
available  moisture  and  nutrients  and  result 
slightly  greater  height  and  diameter  growtl 
lower  mortality  (particularly  during  the  si 
year) . 


::;he 

£ 

r 

t? 

Im 
oot 


Post  Treatment 


1  Season 


Shear/burn 

Chop/burn 

Bed 


Shear/burn 

Chop/burn 

Bed 


1.31  A 
1.26  A 
1.08   B 


1.23  A 
1.18   B 
1.21  AB 


At  this  early  age,  evaluation  of  seed  :, 
heights  and  diameters  is  not  necessarily 
indicative  of  future  growth  or  volume.   Yo;  [ 
seedlings  are  highly  susceptible  to  damage  bm 
insects  and  wildlife,  which  may  significant  ; 
affect  or  alter  height,  making  early  growtl 
measurements  weak  long  term  growth  predicti  i. 


CONCLUSIONS 


2  Seasons 


Shear/burn 

1.14  B 

Chop/burn 

1.12   B 

Bed 

1.24  A 

The  three  site  preparation  systems  sti  (fed 
all  accomplished  their  two  primary  objecti-^'of 
significantly  reducting  debris  and  residue 
allowing  easier  and  faster  planting  operat  (s 
and  of  reducing  competition  levels.   Howev  i 


Table  5. — Treatment  effect  on  total  seedling  height,  survival  and  ground  line 
diameter  (GLD)  at  each  sampling  time.   Means  within  a  time  with  the  same 
letter  are  not  significantly  different  at  the  0.05  level. 


Time 


Site 

Total 

Mean 

Preparation 

Seedling 

Seedling 

Seedling 

Treatment 

Height 

Survival 

GLD 

Planting 


Shear/burn 

Chop/burn 

Bed 


cm 

13.6  A 

14.1  A 

13.2  A 


1  Season 


Shear/burn 

Chop/burn 

Bed 


32.3  A 
32.5  A 
30.8  A 


85.0  A 

89.1  A 
87.0  A 


2  Seasons 


Shear/burn 

Chop/burn 

Bed 


68.6  A 
70.6  A 
69.9  A 


83.1  A 
85.7  A 
85.3  A 


0.98  B 
1.07  B 
1.27  A 
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ficantly  different,  after  two 
paration  intensity  increased 
tions  tended  to  decrease.   The 
atments  had  more  soil 
ss,  thus  reducing  nutrient 
Ik  density  on  the  the 
p/burn  systems  increased  during 
ion  and  then  decreased  over  two 
ed  system  decreased  when  the 
nd  then  increased  as  the  beds 
height  and  survival  were  not 
preparation  used,  but  GLD  was 
intensive  treatments. 


Properly  applied  mechanical  site  preparation 
ted  in  little  soil  loss  on  upland  areas  in 
[illy  Coastal  Plain.   The  key  in  limiting 
ilproblems,  even  on  upland  slopes,  is  to  have 
Ofr  application  techniques.   The  use  of  beds 
ifland  situations  may  prove  beneficial  in  that 
e;jmay  improve  soil  moisture,  particularly  on 
ui  facing  slopes,  resulting  in  better  moisture 
Liions  and  thus  seedling  growth.   Few 
gijficant  growth  trends  were  observed  during 
irst  two  growing  seasons.   However,  the  full 
t  of  these  trends  and  of  site  preparation 
t  be  evaluated  until  much  later  in  the 
ion. 
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THE  EFFECTS  OF  THREE  LEVELS  OF  SITE  PREPARATION  ON  PLANTED 
SWAMP  CHESTNUT  OAK  ON  A  POORLY  DRAINED  SITE''^ 


2/ 


J.    R.    Seifert,   P.    E.   Pope, and  B.   C.    Fischer 


Abstract. — Swamp  chestnut   oak    (1-0  bare  root   seedlings) 
were  planted  on  a  poorly  drained*   upland  flat  site  following 
three  levels  of  site  preparation  -  control*   disking  and 
disking-bedding.      Five-year  seedling  survival    and  total   tree 
height  were  not  significantly  affected  by  site  preparation. 
Fourth   and   fifth  year  height  growth   increment  and   diameter 
growth  were  significantly   increased  by  either  method  of  site 
preparation.      Planting  swamp  chestnut   oak   in  southeastern 
Indiana  may  be  a  feasible  land  use  alternative  on  poorly 
drained  upland  sites. 


INTRODUCTION 


I  In  the   Central    States,   many   acres   of   poorly 
'c'led   upland    and    bottomland    forests    are    being 
irbsted  of   high   quality   oak  sawlogs  and  left  to 
•itrany  regenerate.     The  natural    regeneration  is 
u,lly    of    lower-valued    nonoak    species    such    as 
Ipr    (Acer   saccharinum  L. )    and    red    (Aj.   rubrum 
■)|naple,    sweetgum   (Liquidambar  styraciflua  k. ) , 
■"diore    (Platanus    occidental  is    L. ) ,    cottonwood 
"glulus     deltoides     Bartr.     var.     deltoides) > 
X  der    (A.    negundo  L. ) »    elms    (Ulmus   s^.)    and 
h.   (Fraxinus   spp)    (Garrett,    1982).      Artificial 
gieration  of  wet-site  oak  species    is  currently 
ffr  y  attempted. 
ii  I 

In  the   Central    States    most    studies    on   oak 
allng  have   concerned   upland   oaks    not  wet-site 
M     Studies   have   led  to  the  general    conclusion 
»M  oak    plantings    will    grow    slowly    (Johnson, 
"'•^L    although    Johnson     (1984)     indicates    some 
c|ss    with     underpl anting    northern     red    oak 
ly-CilS  £iL^^  L . )    in  Missouri. 

\ 

ifThere  is  limited   detailed   information  on  the 
r\i|va1    and    growth    of    preferred  wet-site   oaks. 
:^!ssful    artificial     regeneration    research    on 
t"|lte  hardwoods    has    revolved   around    sweetgum, 
Ml  ash    (Fraxinus   pennsylvanica  M- ) >   cottonwood 
Jj^ttall   oak    (Q.    nuttallii  P.)   because  of  these 
Jtes    high    woody    biomass    yields    (Gilmore    and 
Ii  1984).     Johnson   and  Krinard    (1983)    found 
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good  early  growth   and  survival    for  Shumard   (fi. 
shumardii    Buck),    swamp    chestnut     (.Q..    Michauxii 
Nutt.)    and   water    (S.    nigra  L. )    oaks    planted    in 
small    forest    openings.      However,    after   22   years 
planted  yellow-poplar   (1 iriodendrun  tulipifera  L.) 
averaged  70   feet  tall,    while  five  oak  species  and 
sweetgum    each     averaged     less    than    30    feet. 
Suppression    by    the    faster-growing   yellow-poplar 
resulted    in    reduced   height   and   survival    for    all 
other    species.       Swamp    chestnut    oak    had    better 
survival    and    the    second    largest    individual    tree 
heights  outgrowing  water,    Shumard,    cherrybark  and 
southern    red    oak.       Francis    (1983)    successfully 
planted    cherrybark    (Q.    falcata   ML'    pagodjolla 
Ell.)   and  Shumard  oaks  on  eroded  ridges.     After  20 
years    height    averaged    40    feet    and    diameters 
averaged  four  to  five  inches. 

The   objective   of  this  study   was  to  evaluate 
the    effect    of    site    preparation    on    survival    and 
growth   of  planted  swamp  chestnut  oak. 


MATERIALS   AND  METHODS 


The  planting  site  was  a   flat,   poorly  drained 
Avonburg-Clermont      soil      (Aerie     Fragiaqual  fs, 
fine-silty    mixed    mesic)    which    had    been    grazed 
prior    to   the    establishment    of   the    study.      The 
association  was  formed  in  loess  underlying  glacial 
till.      Depth   to  a    fraglpan   varies   from  30  to  40 
Inches    and  the   seasonal    water   table   varies    from 
one   to  three  feet.     The  soil    Is  strongly   acidic. 

The  site   index   (base   age  50  years)    Is  80  -  90 
feet    for    mixed    hardwoods     (Soil     Conservation 
Service,    1976).       Using   the    site    quality    rating 
system   of  Baker  and  Broadfoot    (1979)  the  site  has 
a    quality    rating   of    70    feet   for    swamp   chestnut 
oak. 
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Experimental  Design  and  Treatments 

Site  preparation  treatments  were  control, 
disk,  and  disk  and  bed.   Disking  was  done  with  a 
standard  agricultural  farm  disk.   Bedding  was 
accomplished  with  a  moldboard  two-bottom  plow. 
The  bed  was  formed  by  plowing  in  one  direction  and 
reversing  the  direction  of  plowing  to  concentrate 
the  soil  along  a  center  ridge.   This  produced  an 
elevated  bed  which  was  approximately  30  cm  above 
the  soil  surface  with  drainage  along  each  side. 
Site  preparation  treatments  were  applied  in  the 
summer  of  1979  and  again  (disking  only)  in  the 
spring  of  1980. 

Within  each  treatment  four  randomly  selected 
plots  were  measured.   Each  plot  contained  thirty 
seedlings.   Seedlings  were  measured  for  total 
height,  seedling  diameter  at  ten  cm  above  the 
ground  and  survival.  Data  were  tested  by  analysis 
of  variance  (ANOVA)  and  the  variables  found 
significant  were  subjected  to  Duncan's  new 
multiple  range  test  at  the  0.05  level. 

Seed  Source  and  Spacing 

Swamp  chestnut  oak  seed  was  collected  within 
a  ten  mile  radius  of  the  planting  site  and  grown 
at  the  Indiana  state  nursery  at  Val Ionia,  Indiana. 
The  seedlings  were  grown  for  one  year  (1-0). 
Dormant  seedlings  were  lifted  in  November  and 
stored  in  a  cooler  at  3°C  through  the  winter. 
Seedlings  with  root  collar  diameters  of  1.52  - 
2.03  cm  and  top  heights  of  46  -  76  cm  were  planted 
in  April,  1980  on  a  10  ft  x  10  ft  spacing  with  a 
KBC  planting  bar. 

Weed  Control 

Chemical  weed  control  consisting  of  glyphosate 
(2  qt/A)  and  simazine  (4  lb  a.i./A)  was  applied 
each  spring  around  all  seedlings.  For  the  first  2 
years,  the  treated  area  consisted  of  1  m  diameter 
circle  treatments  around  each  seedling.  Beginning 
in  the  third  year,  the  chemical  has  been  applied 
to  1  m  wide  bands  over  the  planted  row.   The 
remaining  untreated  area  within  rows  was  then 
mowed  twice  annually. 


not  statistically  significant,  survival  was  III 
lower  for  the  control  than  either  the  disked  ( 
disked-bedded  site  treatments.  These  results  j. 
similar  to  those  reported  by  Derr  and  Mann  dJ') 
for  slash  pine  (Pinus  E 1 1 i ott i i  Engelm. )  and  i 
Francis  (1983)  for  cherrybark  and  Shumard  oak,  (n 
either  case  flat  disking  and  mound  disking  (I  r 
and  Mann,  1970),  or  disking  vs  ditching  (Fran:, 
1983)  did  not  improve  survival. 

Total  Height  Growth 

At  the  beginning  of  the  third  growing  sem 
the  average  seedling  height  across  all  treatrr  »{s 
was  20  cm.   Site  preparation  had  no  effect  : 
seedling  height  from  1982  -  1984  (Table  1). 
visual  observation  of  the  plantation  would  h 
concluded  the  opposite.  Oak  seedling  growth  in 
general  variable  due  to  large  genetic  with  [i 
family  differences  (Farmer,  1975)  and  seed  sc  ,ie 
variation  (Kriebel  et  al ,  1976).   As  noted  : 
Johnson  (1979)  some  trees  grow  exceptionally  (1 
from  the  first  year  while  others  grow  very  si  ly, 
Johnson  estimated  that  on  the  average  10%  i 
planted  black  oak  (Q.  velutina  L. )  seedling  ; 
growth.  For  this  study  3  )of 
better  than  the  plantat  c 


exhibit  exceptional 
the  seedlings  grew 
average  (Table  2). 


II 


Table  1.     Influence  of  site  preparation  on  hehilt' 
growth  of  swamp  chestnut  oak  from  1982-198^64 


Site 

Preparation 


Seedling  Height    (cm)     ! 
1982 L983 1:  (. 


1/ 


Control  77a 

Disked  79a 

Disked  &  65a 
Bedded 

Average  73 

^    For    a   given   year,    values    not   followed  b}l| 

same     letter  are     significantly     different 

Duncan's  new  multiple  range  test  at  0.05  levts 


112a 

110a 

91a 

104 


RESULTS   AND  DISCUSSION 


All    the    seedlings    were   severely    browsed    in 
the    winters    of    1980    and    1981    which    caused   the 
height    growth     data     for    those    periods    to    be 
meaningless.       Following   the    1982   growing    season 
the    seedlings    were    too    large    to    be    browsed    by 
rabbits.       Consequently,    all    survival    and    growth 
data    are    reported    beginning    in    1982,    the   third 
growing  season. 

Plantation  Survival 

Third   year    plantation   survival    averaged   89% 
across    all    treatments    and   was    not    influenced   by 
the    site    preparation    method.      Seedling   survival 
declined  to  83%   by  the   end  of  the   fifth   growing 
season   following  two  summer   droughts.      Although 


The   wide    range    in   total    tree   height    (. 
283    cm)    recorded    for    1984   was    reflected   byn| 
large    within-treatment    coefficient    of    vari 
for  each  block    (33-82%   for  the  control,  SS-flfT 
the   disked,    and  43-89%   for  the  disk-beddod)   Tlie^ 
range  of  variation  was  as  great  between- tre;  tJnts 
as    within-treatments    resulting    in    insignif  "^ 
treatment  variations   in  the  ANOVA. 


Height  Growth   Increment 


Height    growth    increment    was    evaluate( 
1983    and    1984.      Height   growth   was   signific 
the    0.05    level    for    both    years    (Table  3). 
compared    to    the    control    treatment,    the    hf  i 
growth      increment      in     1983      and      1984     wa; 
significantly     greater     for     the     disked    ar 
disked-bedded  site  preparation  treatments.    '^ 
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Ible  2.  Influence  of  site  preparation  treatment 
!on  the  number  of  individual  trees  growing  faster 
ithan  the  mean  plantation  tree  (152  cm)  by  size 
class  and  treatment. 


Height  Growth  Class  (cm) 


te 

epara- 

tlon 


180 


21Q. 


240 


Jotal 


Cntrol 

Csked 

Csked  & 
dded 


43(10) 
141(33) 
124(29) 


1/ 


22(5)  4(1) 

69(16)        13(3) 
52(12)        17(4) 


69(16) 

223(52) 

193(45) 


^  Values    in    parenthesis   are   the    percentages   of 
3   total    number   of   trees    planted,    assuming   430 
t3es  per  acre. 


T)le  3.     Influence  of  site  preparation  on  the 
leight  growth    increment  of  swamp  chestnut  oak 
For  1983   and   1984. 


Pbparation 


Height  Growth   Increment   (cm) 
1983  1984 


Citrol 

,  Disked 

D|;ked  & 
idded 


26  a 
36b 
37  b 

33 


1/ 


34a 
49b 
49b 

44 


Values    not    followed    by    the    same    letter    are 
Sihnificantly    different    by    Duncan's   new   multiple 
Piige  test  at  0.05  level. 


in|in    height    growth    increment    in    1984   was    11   cm 
geater  than  1983    (8  cm  for  the  control,   13  cm  for 
disked,     and     12    cm     for     the     disked-bedded 
tftatments ) . 

Diameter  Growth 


I     In    1984    average    stem     diameter    for    the 
Plantation   was   2.8   cm   at   10  cm  above  the   ground 
Ijjie  and  was   significantly   greater   for  the  disked 
(|1   cm)    and    disked-bedded    (2.9   cm)    treatments 
t*n    the    control     (2.4    cm).        No    statistical 
dfference    was    noted    between    the    disked    and 
diked-bedded  plots. 

Discussion   and  Summary 

Soil  cultivation,  either  by  disking  alone  or 
bidlsking-bedding,  increased  diameter  and  height 
9?wth  increment  of  swamp  chestnut  oak.  With  the 
sjection  of  proper  tree  species,  the  bedding  of 
uiand    flat    sites    may    not    result    In    increased 


diameter   or    height    growth    increment   over   disking 
alone.      Bedding  may   not   be  necessary  on  upland 

flats     in    southern     Indiana     since    periods    of 
prolonged     flooding     are     very     rare.         Site 
preparation    by    disking   did  cause    an    increase    in 
height    increment    and    diameter    growth.       Most 
importantly  the  affect   of  the   site  preparation  is 
still    evident   five  years   after   planting.     Moehring 
(1970)    noted  that   on    silt   loam    soils,    macropore 
volume  was  low,  cultivation  Increased  the  soil    air 
component,    and    reduced   the  mechanical    resistance 
to     tree     root     penetration,      improving     tree 
performance. 

Swamp   chestnut    oak   has    evolved  through   time 
to  the  point  where  It  can  survive  and  grow  well    in 
high  moisture  content   soils.      However  aeration  of 
the     soil     through     cultivation     does     stimulate 
growth.      The   lack  of   response  to  bedding  has  also 
been    noted    by    other    researchers    working    with 
wet-site  oaks    (Kennedy,   1976;    1980). 

Based   on   the    results  of  this  study   planting 
swamp   chestnut   oak   on   poorly   drained  upland  sites 
in     southeastern     Indiana     may    be    a     feasible 
alternative    land    use.       The    potential    growth    of 
this    species    is    promising   when    compared    to   the 
upland   red  and  white  oaks   currently  available  for 
planting   on   such    sites.      Additional    research   on 
other    wet-site    oaks    should    be    undertaken    to 
establish  growth  comparisons. 
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AN  EVALUATION  OF  SITE  PREPARATION  METHODS  FOR  LOBLOLLY  PINE 

M 


REGENERATION  ON  THE  PIEDMONT- 
C.  W.  Stafford,  J.  L.  Torbert,  and  J.  A.  Burge 
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Abstract. — A  study  was  conducted  to  quantify  the  effects 
of  several  site  preparation  prescriptions  on  third-year  sur- 
vival and  growth  of  loblolly  pine  in  the  Piedmont  Plateau 
of  South  Carolina  and  Georgia.   Each  of  twelve  replicate 
sites  were  treated  with  seven  methods  of  site  preparation. 
After  three  growing  seasons,  survival,  height ,  diameter,  and 
volume  were  better  on  mechanically-treated  areas  than  on 
herbicide-burn  and  control  areas.   Treatments  that  included 
discing  provided  the  lowest  soil  bulk  densities  and  the 
best  growth  response.   Foliar  N  levels  were  highest  in  trees 
on  shear-rake-disc  plots,  but  these  plots  had  the  lowest 
long-term  N  supply.   Other  growth  limiting  factors  influ- 
enced by  site  preparation  are  being  studied  in  an  effort  to 
develop  site  specific  guidelines  for  prescribing  site  prepa- 
ration treatments. 


INTRODUCTION 

Regeneration  of  intensively  managed  southern 
plfe  forests  is  accomplished  primarily  through 
clarcutting,  site  preparation  and  planting 
(^Clurkin  and  Moehring,  1978).   The  reasons  for 
si2  preparation,  whether  by  fire,  chemical  or 
meaanical  means,  include  1)  optimizing  the  soil 
mosture  regime;  2)  organic  matter  incorporation 
toincrease  mineralization  and  nutrient  release  to 
prnote  early  growth;  3)  reduce  vegetative  compe- 
tiion  for  soil  nutrients  and  moisture;  4)  clearing 
th  land  for  ease  of  planting;  5)  increase  wood 
prjuction  due  to  both  increased  survival  and 
sailing  growth  and  6)  allow  use  of  genetically 
imroved  planting  stock.   The  techniques  most 
cononly  employed  in  the  Southeast  are  shearing, 
piLng,  discing,  bedding,  chopping,  burning  and 
th  use  of  herbicides.   Although  most  of  these 
sij  preparation  methods  are  used  in  the  Piedmont, 
thre  is  little  documentation  of  their  differential 
efjct  on  regeneration  success,  and  short-  and 
lo>-term  tree  growth  and  yield  at  rotation  age. 
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Pehl  and  Bailey  (1983)  summarized  results  of 
a  site  preparation  study  on  the  Georgia  Piedmont 
that  was  measured  at  ages  1,  2,  3  and  10.   After 
the  third  growing  season,  mean  tree  heights  on 
chopped,  disced,  and  bedded  plots  were  11,  26  and 
20%  higher,  respectively,  than  the  control.   By 
the  tenth  growing  season,  mean  dbh  of  the  trees  on 
the  disc  and  bed  treatments  were  16  and  19  percent 
larger,  respectively,  than  the  control,  while  the 
chop  treatment  did  not  differ  significantly  from 
the  control.   They  concluded  that  (1)  the  height- 
growth  advantage  of  intensive  site  preparation 
peaked  during  the  third  growing  season,  (2)  was  lost 
on  the  chop  and  bed  sites  by  age  10,  and  (3)  the 
trend  suggested  that  the  height  gain  will  be  lost 
on  the  disced  plots  by  age  25. 

On  the  North  Carolina  Piedmont,  Haines  and 
Davey  (1979)  studied  the  effects  of  discing,  weed 
control  by  mowing,  herbicides,  and  various  com- 
binations of  fertilization,  subsoiling,  and  irri- 
gation.  After  the  second  growing  season,  heights 
and  diameters  of  trees  in  herbicided  plots  were 
significantly  greater  than  the  control  trees,  but 
trees  in  the  disced  plots  were  not. 

Because  results  from  the  few  site  preparation 
studies  undertaken  on  the  Piedmont  are  often  in- 
complete and  inconclusive,  this  research  was  con- 
ducted to  quantify  the  effects  of  several  site 
preparation  prescriptions  on  third-year  survival 
and  growth  of  loblolly  pine  in  the  Piedmont  of 
South  Carolina  and  Georgia. 
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PROCEDURES 

Study  Sites 

Three  study  areas  in  the  central  Piedmont, 
two  in  western  South  Carolina  and  one  in  eastern 
Georgia,  were  selected.   Four  sites  supporting 
natural,  mature,  loblolly  pine-hardwood  stands 
were  selected  within  each  area  and  clearcut  in 
the  summer  of  1980.   The  prevalent  hardwoods  on 
the  sites  were  yellow-poplar  (Lirlodendron 
tulipif era  L.),  post  oak  (Quercus  stellata 
Wangenh.),  white  oak  (Quercus  alba  L.),  water  oak 
(Quercus  nigra  L.),  and  willow  oak  (Quercus 
phellos  L.).   The  clearcut  stands  ranged  in  age 
from  30  to  50  years,  with  site  indices  (base  age 
50)  ranging  from  68  to  90. 

In  addition  to  forest  cover,  sites  were  se- 
lected on  the  basis  of  similarity  in  soil  type. 
The  soils  of  the  study  sites  were  Appling, 
Pacolet,  Cecil  or  Hiwassee  which  have  minor  dif- 
ferences in  depth,  color  and  texture  of  the  sub- 
soil (SCS,  1975).   The  soils  were  deep,  well 
drained  with  medium  fertility  and-  moderate  perme- 
ability.  All  were  clayey,  kaolinitic,  thermic, 
Typic  Hapludults  except  Hiwassee  which  was  a  Typic 
Rhodudult.   The  uneroded  surface  soils  were  pre- 
dominately sandy  loam  and  the  subsoils  ranged 
from  sandy  clay  to  clay.   Bulk  density  of  the 
surface  soils  ranged  from  1.17  to  1.24  g/cm  prior 
to  harvest. 

Site  Preparations 

A  spectrum  of  operationally  feasible  pre- 
scriptions, varying  in  intensity  and  cost,  were 
included  in  the  study: 

1.  No  Preparation 

2.  Herbicide  and  burn 

3.  Chop  and  burn 

4.  Shear,  rake-pile  (2  passes) 

5.  Shear  and  disc  (1-pass) 

6.  Shear,  V-blade  and  disc  (2-passes) 

7.  Shear,  rake-pile,  disc  (3-passes) 

The  study  was  established  in  the  summer  and  fall 
of  1980.   Treatments  within  study  sites  ranged  in 
size  from  three  to  five  acres.   For  treatment  2, 
glyphosate  was  aerially  applied  at  a  rate  of  1 
gal.  Roundup  (R)  per  acre.   Within  six  weeks  the 
sprayed  areas  were  burned.   Shearing  and  discing 
in  treatment  5  was  applied  simultaneously  in  one 
pass.   Residual  vegetation  was  sheared  in  place; 
however,  some  piling  occurred  when  the  vegetation 
and  debris  was  exceptionally  heavy.   The  shear, 
V-blade  and  disc  treatment  (6)  consisted  of 
shearing  residual  vegetation  in  place  with  the 
first  pass,  followed  by  a  V-blade  and  discing  with 
the  second  pass.   The  V-blade  aligned  the  sheared 
material  into  small  windrows  between  which  the 
soil  was  disced.   All  treatment  areas  were  planted 
by  machine  with  1-0  genetically  improved  loblolly 
pine  seedlings,  except  for  the  control  and  herbi- 
cide plots  which  were  hand  planted.   Five  0.1 
acre  subplots  were  randomly  located  within  each 


treatment  plot.   Each  subplot  contained  appro 
mately  64  seedlings  which  provided  about  320  in- 
sured trees  per  treatment. 


Tree  survival,  height  and  diameter  were  . 
sured  in  the  winter  of  1984.  Foliar  samples 
collected  from  the  Georgia  sites  in  the  summe 
1983.  Total  tissue  N  was  determined  using  st 
dard  micro-Kjeldahl  techniques  (Bremner,  1965- 
A  0.5  gram  subsample  was  ashed  in  a  muffle  fu 
at  450  C  for  10  hours  and  nutrients  were  extr 
with  10  ml  of  6  N  HCL.  The  Murphy-Riley  asco 
acid  technique  (Watanbe  and  Olsen,  1965)  was 
to  analyze  P  in  the  extracts.  Standard  proce 
for  a  Perkin-Elmer  atomic  absorption  spectrop 
tometer  were  used  to  determine  K,  Ca  and  Mg  1 
in  the  tissue  extracts  (Perkin-Elmer,  1980). 
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RESULTS 

Survival  has  remained  virtually  unchange 
since  the  first  year.  Over  all  study  sites,  [ 
vival  in  the  five  mechanical  treatments  was  s 
nificantly  better  than  in  the  herbicide-burn  i-. 
control  areas  (Table  1).  Within  mechanical  t- 
ments,  the  shear-rake-disc  and  shear-disc  trer 
ments  had  significantly  better  survival  than  it 
chop-burn,  shear-V-blade-disc  and  shear-rake  c 
ments. 

Overall,  growth  was  best  on  the  shear-ra ; 
disc  treatment.  The  height,  diameter  and  vol  i 
index  (d2h)  of  this  treatment  were  significar: 
higher  than  the  other  two  disced  treatments,  i 
all  disced  treatments  had  significantly  bette: 
volume  indices  than  other  treatments.  Height', 
diameter  and  volume  indices  on  the  control  ar  1 
herbicide-burn  treatments  were  significantly  J 
than  those  on  all  of  the  mechanically  prepare! 
sites. 


at- 


On  mechanically  prepared  sites,  growth  r 
sponses  were  inversely  proportional  to  soil  t 
density;  that  is,  the  best  growth  response  occ 
on  sites  with  lower  bulk  densities.   All  disci 
treatments  resulted  in  significantly  lower  bf 
densities  than  the  chop-burn  treatment,  while 
shear-rake-disc  and  shear-disc  treatments  wer ; 
nificantly  lower  than  the  shear-rake  treatmer; 

Foliar  nitrogen  levels  of  trees  on  the  £i 
rake-disc  treatment  (1.26%)  were  significant!/ 
higher  than  that  on  all  other  treatments  exce 
control  (Table  2).   There  were  no  other  differ 
between  foliar  nutrient  levels  except  for  cal 
which  was  significantly  higher  on  the  control 
all  mechanically  prepared  sites. 


DISCUSSION 

During  site  preparation  and  planting,  ail 
some  months  following,  the  southeastern  Unite! 
States  experienced  drought  conditions.   In  tl 
period  from  June  1980  to  June  1981,  actual  r£  i 
fall  averaged  13  inches  below  normal.   The  1 
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f  rainfall  during  this  critical  period  of 
edling  establishment  is  largely  responsible  for 
le   overall  poor  seedling  survival  on  these  sites. 

On  the  Piedmont,  two  of  the  factors  primari- 

^   responsible  for  limiting  pine  growth  are  soil 

2nsity  and  available  nitrogen.  Piedmont  soils 

re  usually  finely  textured  with  inherently  high 


soil  densities.   With  traffic,  these  soils  can  be- 
come compacted  to  the  point  that  root  penetration 
is  often  restricted.   Nitrogen  is  almost  always 
a  limiting  factor  to  pines  after  the  first  several 
years  of  rotation. 

Volumes  on  all  disced  treatments  in  this 
study  were  significantly  greater  than  those  on  all 


Table  1. — Effect  of  site  preparation  method  on  the  survival, 
height,  diameter,  volume  index,  and  spil  bulk  density  at 


plantation  age  3 


1/ 


ite  preparation 

Trees 

Trees 

Height 

Diameter 

Volume 

Bulk 

treatment 

planted 

Survival 

remaining 

index 

density 

(%, 

) 

(in) 

(in 

) 

(in^) 

(g/cm  ) 

D  preparation 

641 

43 

c 

276 

42.32  e 

0.78 

d 

45.19  d 

1.29  c 

erbicide,  burn 

654 

48 

c 

314 

42.92  e 

0.91 

d 

60.23  d 

1.35  ab 

hop,  burn 

607 

57 

b 

346 

49.75  cd 

1.23 

be 

100.76  c 

1.39  a 

hear-disc 

597 

64 

a 

382 

53.06  b 

1.31 

b 

119.42  b 

1.29  c 

hear,  V  blade-disc 

533 

61 

b 

325 

53.08  be 

1.31 

b 

122.05  b 

1.32  be 

hear,  rake 

618 

61 

b 

377 

47.04  d 

1.16 

c 

85.19  c 

1.37  ab 

hear,  rake,  disc 

645 

68 

a 

439 

56.63  a 

1.44 

a 

150.83  a 

1.30  c 

1/,.. 


Different  letters  within  columns  indicate  significant  differences  among  treatments  at  the  0.1  level. 


Table  2. — Foliar  nutrient  concentrations  by  treatment  during 
the  third  growing  season. A' 


reatment 


Ca 


Mg 


0  preparation 

lerbicide,  burn 

hop,  burn 

hear-disc 

hear,  V  blade-disc 

hear,  rake 

hear,  rake,  disc 


1.22  ab 

.  10  a 

1.17  c 

,  11  a 

1.19  be 

.11  a 

1.14  c 

.11  a 

1.16  c 

.11  a 

1.16  c 

.15  a 

1.26  a 

.11  a 

-  % 

.65  a 

.22 

a 

.10  a 

.65  a 

.20 

ab 

.11  a 

.67  a 

.19 

b 

.10  a 

.72  a 

.19 

b 

.  10  a 

.75  a 

.19 

b 

.10  a 

.67  a 

.20 

b 

.10  a 

.71  a 

.18 

b 

.13  a 

1/ 


Different  letters  within  columns  indicate  significant  dirferences  among  treatments  at  the  0.1  level. 
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other  treatments.   Discing  generally  increases 
early  growth  on  these  Piedmont  sites  by  loosening 
compacted  surface  soil  (upper  10") •   This  rela- 
tionship is  most  notable  when  comparing  the 
shear-rake-disc  treatment  to  the  shear-rake 
treatment,  which  essentially  serves  as  a  control 
for  the  disc. 

The  performance  of  trees  on  the  shear-V 
blade-disc  and  shear-disc  treatments  are  lagging 
slightly  behind  those  on  shear-rake-disc  treat- 
ments because  of  some  soil  scalping  that  occurred 
during  planting.   A  V-blade  was  attached  to  the 
front  of  the  planting  tractor  to  move  debris 
aside.   In  some  cases  the  blade  was  low  enough  to 
push  topsoil  to  the  side,  creating  mounds  be- 
tween rows.   Trees  planted  in  the  scalped  areas 
did  not  receive  the  full  benefit  of  the  disc. 
As  roots  grow  out  into  this  displaced  soil  and 
organic  residue,  they  should  grow  rapidly. 

Foliar  nutrient  levels  help  identify  obvious 
nutritional  problems.   In  this  study,  cation 
levels  exceeded  those  levels  generally  considered 
adequate  for  normal  growth.   Phosphorus  levels 
for  all  treatments  were  at  or  above  the  0. 1% 
level  which  is  often  considered  the  critical 
level.   In  almost  all  cases,  nitrogen  levels  are 
below  the  critical  level  of  1.2%  suggesting  a 
marginal  condition. 

Nitrogen  levels  in  the  shear-rake-disc  plots 
(1.26%)  reflect  increased  mineralization  rates 
caused  by  incorpqrating  surface  material,  higher 
surface  temperatures,  and  less  moisture  competi- 
tion.  There  is  concern  that  there  may  be  too 
much  N  released  into  the  soil  solution  too  soon 
which  may  result  in  N  deficits  at  a  later  time. 
Trees  in  the  unprepared  area  also  had  high  foliar 
N  levels,  but  growth  of  these  trees  is  probably 
limited  by  other  factors. 

Raking,  while  useful  for  clearing  the  land 
to  facilitate  machine  planting,  seems  to  have 
little  value  for  increasing  productivity.   As 
rakes  travel  back  and  forth  over  the  surface, 
they  compact  the  soil  and  remove  nutrients  from 
the  site.   Logging  debris  that  is  pushed  into 
windrows  and  burned  would  have  acted  like  a  slow- 
release  fertilizer,  becoming  available  to  the 
trees  5  to  10  years  after  planting.   If  left  in 
place,  this  material  would  have  increased  the 
surface  layer  organic  matter  content  which  en- 
hances moisture  retention,  cation  exchange,  and 
improves  soil  tilth.   Two  treatments  in  this 
study,  the  shear-disc  and  shear-V-blade-disc, 
provide  the  benefits  of  discing  while  allowing 
debris  to  remain  on  site. 

Nitrogen  demands  are  high  as  trees  begin  to 
grow  rapidly  between  the  ages  of  3  to  10.   On 
shear-rake-disc  areas,  much  of  the  N  has  already 
been  mineralized.   If  the  nitrogen  has  not  been 
captured  by  competing  vegetation  or  immobilized 
by  soil  microorganisms,   it  has  probably  been 
leached  from  the  soil.   On  the  other  hand,  trees 
in  the  other  disced  treatments  should  start  to 


utilize  increasing  levels  of  soil  N  as  debris 
rounding  the  trees  decomposes. 


CONCLUSIONS 

Third-year  results  show  the  beneficial  ef  ; 
of  discing  on  tree  growth  during  the  stand  re- 
generation phase.  To  date,  the  best  growth  ha; 
resulted  on  the  shear-rake-disc  treatment.  Th: 
treatment  is  also  the  most  expensive.  In  time 
the  shear-V  blade-disc  and  shear-disc  treatmeni 
may  prove  more  cost  effective,  particularly  if 
retention  of  nutrients  in  slash  and  litter  proi 
to  be  a  factor  significantly  enhancing  growth 
later  in  the  rotation. 
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SITE  PREPARATION  EFFECTS  ON  THE  SPATIAL  DISTRIBUTION 


OF  PLANTED  LOBLOLLY  PINE  SEEDLINGsi'^ 
T.  D.  Needham,  J.  A.  Burger,  and  D.  0.  Lantagtii 


2/ 


Abstract. — The  spatial  patterns  of  loblolly  pine 
seedlings  following  seven  site  preparation  treatments  were 
evaluated  using  Pielou's  Index  of  Nonrandomness  both 
inunediately  after  planting  and  after  the  second  growing 
season.  Seedlings  on  machine  planted  treatment  areas 
exhibited  expected  spatial  patterns.  As  the  amount  of 
logging  slash  or  its  roughness  decreased,  planting  patterns 
became  more  regular.  Hand  planted  treatment  areas  exhibited 
the  most  regular  spatial  patterns  even  though  the  site 
preparation  on  these  areas  left  difficult  planting 
conditions.  After  two  years,  the  spatial  distribution  of 
seedlings  shifted  from  regular  and  random  toward  a  more 
clustered  pattern.  The  degree  of  change  was  similar  in  all 
but  the  unprepared  and  herbicide-burn  treatments  which 
exhibited  the  greatest  change.  Although  significant 
differences  in  seedling  spatial  patterns  were  observed  among 
the  treatments,  the  importance  of  the  differences  with 
regard  to  yield  and  harvestabilty  is  yet  to  be  determined. 


INTRODUCTION 


rant at  ions 

fedlings  surviving 


eneration  success  in  southern  pine 
is  often  based  on  the  number  of 
after  the  first  year. 
Iwever,  the  spatial  distribution  of  trees 
lould  also  be  considered.  A  distribution  that 
jrmits  full  utilization  of  a  site  is  preferred, 
'lerefore,  among  other  things,  site  preparation 
lould  promote  a  pattern  of  well  distributed 
l^ees. 


potential  ability  of  a  stand  to  produce  an 
acceptable  yield  at  rotation  is  300  trees  per 
acre  assuming  they  exhibit  a  "good"  spatial 
distribution. 

The  purpose  of  this  study  was  to  determine 
how  several  site  preparation  alternatives  used 
in  the  regeneration  of  loblolly  pine  affected 
seedling  spatial  distribution  patterns  at  the 
time  of  planting  and  after  two  growing  seasons. 


A  regular  spatial  pattern  is  usually  sought 

completely  utilize  a  site.   As  either  the 

i!atial  distribution  shifts  away  from  regular, 

I  the  number  of  trees  changes,    a  change   in 

eld  and  product   is  expected  to  occur.    A 

j  ideline  used  by  many  foresters  to  assess  the 
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METHODS 


A  site  preparation  study  was  initiated  in 
1980  on  twelve,  40  acre  sites  in  the  South 
Carolina  and  Georgia  Piedmont  on  Champion 
International  Corporation  lands  (Lantange, 
1984).  Each  of  the  seven  site  preparation 
prescriptions  described  in  Table  1  was  applied 
to  approximately  5  acres  at  each  site.  The 
treatments  represent  a  range  of  operationally 
feasible  site  preparation  prescriptions  varying 
in  cost  and  intensity.  Following  planting,  five 
0.1  acre  plots  were  randomly  located  within  each 
treatment  area.  The  location  of  every  planted 
seedling  within  the  plots  was  identified  by  a 
row  distance  from  a  plot  comer  and  a  tree 
distance  from  the  plot  baseline.   The  second 
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year  after  planting,  each  plot  was  revisited  and 
survival  by,  tree  location  apsessed. 


The  spatial  distribution  index  for  each  plot 
then  calculated  as  follows: 


i^ 


I  =  (  n.TT  /  43560  )-w 


Table  1. — Site  preparation  prescriptions  applied 
at  each  of  twelve,  40  acre  sites. 


PR£SCSIPTIOS 

NIMBER 
XACHISE 
PASSES 

OF 

PLAJIILNG 
TECHNIQUE 

DESCRIPTION 

Unprepared 
Herbicide 

0 
0 

Hand 
Hand 

No  preparation   following  har\es: 
A  4*   soluclon  of  gl/phosace   In  w 

aerially  applied  In  aid  Sepcembe 
Burned  6  weeks  lacar. 

An  empcy  3ni  wide  double  druo  offse 

chopper  behind  a  D7  cractor. 
Burned  2-6  weeks  later. 

Tanden  harrow  (35"  discs)  behind  a 
D7  tractor  oounted  with  a  KG 
shearing  blade. 


Sesldual  vegetation  sheared  with  a 

KG  shearing  blade. 
V-blade  oounted  to  front  of  D7  created 

alnl  windrows  while  pulling  a  tandec. 

harrow  (35"  discs). 

Residual  vege'tacion  sheared  with  a 
KG  shearing  blade  on  first  pass. 
Slash  raked  Into  windrows. 

Residual  vegetation  sheared  with  a 

KG  shearing  blade. 
Slash  raked  into  wlnarows. 
Soli  disced  with  tandem  harrow  (35" 

discs). 


Pielou' s   Index 
1959)  was  used  to  ass 
Research  by  Payandeh  ( 
the  best  alternative 
distribution  of  trees 
point-to-plant  distanc 
every   planted   tree 
techniques  were  used 
points  within  each 
squared  point-to-tree 


of  Nonrandomne 
ess  seedling  di 
1970),  suggests 
for  assessing 

The  index  i 
es.  After  the 
was  mapped, 
to   randomly  lo 
plot  and  dete 
distances. 


ss  (Pielou 
stribut ion. 
that  it  is 
the  spatial 
s  based  on 
location  of 
computer 
cate  fifty 
rmine  mean 


where:   I  =  spatial  distribution  index 

w  =  mean  of  squared  point-to-plant 

distances 
n  =  density  in  trees  per  acre 
TT  =  3.14159 

The  index  was  adjusted  so  a  value  of  1.00  wc  i 
indicate    a    perfectly    regular    spat 
distribution  while  larger  values  would  indie i 
increasingly  less   regular  patterns.    This  r 
achieved  by  creating  a  perfectly  regular  spat 
pattern,   determining   its   index  value, 
dividing  all   index  values  by  this  number, 
spatial  patterns  become  less   regular  they 
classified  as  random  or  clustered  depending 
the  magnitude  of  the  index.   The  plots  in  fig 
1   illustrate  a   range  of  spatial   distribut 
patterns  and  give  corresponding  index  values. 

A  spatial  distribution  index  was  determi 
for  each  of  the  420  plots  in  the  study 
comparisons  between  methods  of  regeneration  w 
made  using  analysis  of  variance  and  graphi 
Analysis  of  covariance  was  used  to  investig 
the  relationship  between  initial  and  surviv  i 
seedling  spatial  patterns. 


RESULTS  and  DISCUSSION 


I 


The  bar  chart  in  figure  2  shows  the  aver 
spatial  distribution  of  planted   seedlings 
treatment  as  it  occurred  at  planting  and  afte 
growing   seasons.    No   treatment   promoted 
clustered  distribution  among  the  trees  on 
average;   however,   several  treatments  tended 


680  TREES/ACRE 
DISTRIBUIION  INDEX  1,00 


138  IREESMfRF 
DISTRICUTIOH  INDEX  2.32 


306  TREES/ACRE 
DISTRIBUTION  INDEX  3. '11 


Figure  1. — Examples  of  spatial  patterns  and  associated  index  values. 
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ure  2. — Average  spatial  distribution  of 
eedlings  by  treatment  after  planting  and  after 
he  second  growing  season.  1/ 

treatment  means  within  each  measurement  period 
Hng  the  same  letter  are  not  significantly 
ferent  at  the  0.05  level. 


designed  to  create  small  windrows  of  slash 
between  each  row  of  seedlings,  caused  a 
significantly  more  clustered  distribution  than 
the  other  treatments.  The  reason  for  the 
irregular  spacing  in  the  prescription  can  be 
attributed  to  irregular  accumulations  of  slash 
which  had  be  to  skirted  by  the  planter.  The 
distribution  of  trees  within  a  row  was  fairly 
regular,  while  the  distance  between  rows  was 
variable  as  a  result.  Figure  3  is  an  example  of 
the  type  of  spatial  pattern  exhibited  by  plots 
receiving  this  treatment. 
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Figure  3. — An  example  of  the  spatial  pattern 
of  seedlings  after  planting  in  plots  in  the 
shear,  v-blade  treatment  areas. 


pfltaote  more  clustered  distributions  than 
otgrs.  The  least  intensive  treatments, 
urrepared  and  herbicide-burn,  exhibited  the 
hinest  degree  of  uniformity  followed  by  the 
mot  intensive  treatments,  shear-rake,  and 
shir-rake-disk.  The  intermediate  treatments 
ex^bited  random  distributions. 

"  Spatial  patterns  can  partially  be 
atributed  to  planting  technique  and  to  the 
anint  and  distribution  of  logging  slash  and 
reldual  vegetation  left  on  the  site  after 
ha/est.  Machine  planting  could  not  be  used  on 
tb  unprepared  or  herbicide-burn  sites  because 
rJidual  vegetation  and  slash  obstructed 
eqlpment.  Consequently,  hand  planting  was 
reiired  and  a  relatively  regular  spatial 
di;ribution  among  seedlings  resulted. 

j  Sites  that  were  raked  provided  a  relatively 
SDDth  surface  for  the  machine  planter  to 
tr/erse,  which  in  turn  permitted  consistent  and 
reilar  planting.  As  the  amount  and  roughness 
of  logging  slash  distributed  across  a  site 
in-eased,  planting  patterns  became  more 
irpgular.   The  V-blade  treatment,   which  was 


The  distribution  of  trees  surviving  after 
two  years  (Figure  2)  was  highly  dependent  upon 
the  tree  distribution  at  planting.  Among  the 
machine  planted  treatments,  the  relative  spatial 
distribution  of  trees  remained  nearly  the  same 
even  though  there  was  a  large  shift  toward  a 
more  clustered  pattern.  Consequently,  the  V- 
blade  treatment  remained  significantly  different 
from  the  others.  Hand  planted  areas  exhibited  a 
much  more  dramatic  change  from  uniform  toward 
clustered  distributions.  The  unprepared  and 
herbicide-burn  areas  exhibited  extremely  varible 
growing  conditions  that  were  largely  the  result 
of  the  residual  hardwood  distribution  and  the 
efficacy  of  the  herbicide.  Pockets  of  favorable 
and  unfavorable  growing  conditions  occurred 
which  created  clustered  spatial  patterns  among 
the  surviving  seedlings.  The  other  site 
preparation  prescriptions  tended  to  create  more 
homogeneous  site  conditions  and  as  a  result,  the 
distribution  of  the  mortality  was  apparently 
random. 

The  spatial  pattern  of  seedlings  is  of 
little  consequence  unless  it  affects  yield,  the 
product  mix,  or  the  harvestability  of  the  future 
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stand.  To  examine  the  importance  of  spatial 
patterns  with  regard  to  these  factors,  computer 
simulations  using  the  observed  spatial  patterns 
will  be  employed  to  grow  and  harvest  trees.  A 
distance-dependent  individual  tree  growth 
simulation  (Daniels  and  Burkhart  1975)  will  be 
used  to  grow  trees  and  provide  growth  and  yield 
information.  A  harvest  simulation  computer 
program  will  be  used  to  evaluate  the 
harvestablity  of  the  various  treatments  as 
affected  by  the  spatial  distribution  of  the 
seedlings . 
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IMPACTS  OF  VARIOUS  INTENSITIES  OF  SITE  PREPARATION 


1/ 


ON  PIEDMONT  SOILS  AFTER  2  YEARS- 


James  H.  Miller  and  M.  Boyd  Edwards 


2/ 


Abstract. --Six  levels  of  site  preparation  were  applied 
to  replicated  0.8-hectare  plots  at  the  Hitchiti 
Experimental  Forest  on  the  Piedmont  Plateau  in  central 
Georgia.  Treatments  ranged  in  intensity  from  handclearing 
to  shearing  and  chopping  to  rootraking  and  disking  with 
fertilization  and  herbicides.  Soils  were  sampled  before 
treatment  applications  and  after  1  and  2  years.  Composited 
bulk  samples  from  0-15  and  15-60cm  were  analyzed  for  tex- 
ture, pH,  organic  matter,  and  available  phosphorus, 
calcium,  magnesium,  potassium,  and  sodium.  Six  core 
samples  (0-6cm)  per  plot  were  used  to  determine  bulk  den- 
sity, available  moisture  holding  capacity,  and  total  pore 
space.  The  early  trends  of  soil  impacts  are:  1)  soil 
organic  matter  and  available  nutrients  are  not  different 
among  treatments;  2)  pH  of  surface  soils  increased  slightly 
with  increasing  intensity  of  treatment  in  the  first  year; 
and  3)  bulk  density  significantly  decreased  with  disking 
while  pore  space  increased. 


INTRODUCTION 

jThe  renewable  nature  of  the  forest  resource 
epids  on  the  conservation  and  continued  produc- 
iv:y  of  the  soil  resource.  Intensive 
ecinical  site  preparation  in  the  rolling 
ienont  needs  to  be  examined  both  from  the 
spft  of  adverse  impacts  on  sustained  produc- 
ivi;y  and  from  longterm  benefits  to  tree  growth 
nd|/olume  production.  Very  few  investigations 
av:  attempted  to  delve  into  these  two  crucial 
re;.  Several  presentations  at  this  conference 
il  discuss  results  of  such  investigations  and 
hu  make  sizeable  contributions  to  this  vacant 
re  of  research.  The  objective  of  the  research 
n  lis  paper  was  to  monitor  changes  in  nutri- 
ioil  and  physical  soil  properties  that  can 
nfience  establishment  and  early  growth  of  a 
rejcrop.  Results  from  2  consecutive  years 


1-  Paper  presented  at  the  Third  Biennial 
ouiern  Si  1 vicultural  Research  Conference, 
tl)ta,  Georgia,  November  7-8,  1984. 

2/ 
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oriit  Experiment  Station,  Auburn  University, 
ubifH,  Alabama,  and  Research  Ecologist, 
ouieastern  Forest  Experiment  Station,  Macon, 
eoi  ia. 


following  site  preparation  will  be  presented. 
Extensive  interpretation  of  results  is  not  yet 
possible  due  to  the  paucity  of  comparable 
studies. 


METHODS 

Study  Area 

The  study  area  is  a  34-ha  tract  located  on 
the  Piedmont  at  the  Hitchiti  Experimental  Forest, 
managed  by  the  USDA  Forest  Service,  20  miles 
north  of  Macon,  Georgia.  The  harvested  stand  was 
principally  composed  of  loblolly  pine  (Pinus 
taeda  L.)  with  a  lesser  component  of  mature  and 
sapling-sized  hardwoods,  mainly  sweetgum 
(Liquidambar  styracif lua  L. )  and  dogwood  (Cornus 
f lorida  L. ) .  The  pre-  and  post-harvest  vegeta- 
tion was  sampled  and  described  by  Edwards  (1982). 
The  average  site  index  for  loblolly  pine  was  80 
at  50  years.  The  pre-harvest  stand  was 
naturally  regenerated  on  eroded  cotton  fields 
that  were  abandoned  in  the  1930' s. 

Soils  were  comprised  of  five  series  which 
occurred  as  eroded  phases  on  this  undulating 
terrain,  and  were  typical  Piedmont  clayey  ulti- 
sols  except  for  the  alluviated  soils  on  the 
lower  slopes: 
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Series 

a.  Cecil 

b.  Davidson 

c.  Vance 

d.  Wilkes 

e.  Congaree 


Fami ly  Subgroup 

Typic  Hapludults 


clayey 

kaol initic 

thermic 
clayey 

kaol initic 

thermic 
clayey 

mi  xed 

thermic 
loamy 

mi  xed 

thermic 
fine-loamy 

mixed,   nonacid 

thermic 


Rhodic  Paleudults 
Typic  Hapludults 
Typic  Hapludults 
Typic  Udifluvents 


Soil  series  in  the  study 
topography  and  are  posit 
broad  ridges.  The  ridge 
southeast  from  a  main  cu 
west  and  northwest  bound 
occur  on  the  long  slopes 
along  stream  sides,  and 
uplands.  The  two  interm 
separating  the  ridges  ha 
side  zones  that  drain  in 
forming  the  south  and  so 
Marshy  areas  have  been  e 
area. 


area  are  influenced  by 
ioned  relative  to  three 
s  run  generally  to  the 
rving  ridge  that  is  the 
ary.  Wilkes  series 
,  Congaree  series  are 
the  others  are  on  the 
ittent  streams 
ve  broad,  flat  stream- 
to  a  perennial  stream 
uthwest  boundaries, 
xcluded  from  the  study 


Design  and  Treatments 

In  the  spring  of  1980,  the  merchantable 
pines  were  harvested  with  no  hardwood  removal. 
The  site  laid  over  for  a  year.  In  the  spring  of 
1981,  a  randomized  complete  block  design  was 
established  using  approximately  0.8-ha  (2-a) 
plots  with  five  blocks,  each  4.8  ha  (12  a),  and 
six  treatments. 

The  five  blocks  were  located  by  topographic 
position.  Two  blocks  were  on  well-drained 
ridges,  two  were  positioned  on  side  slopes,  and 
one  was  located  along  the  upland  portions  of  an 
intermittent  gulley  and  stream  system.  Within 
each  block,  two  to  three  soil  series  occurred. 
Although  these  series  were  similar,  much 
variation  in  surface  texture  and  organic  matter 
was  encompassed  in  the  study  area. 

The  following  site  preparation  treatments 
were  applied: 

1.  Check  (no  site  preparation)--Plots 
were  harvested  only. 

2.  Handclear--A11  trees  greater  than 
2.5  cm  d.b.h.  were  felled  with  a 
chainsaw  in  August  1981. 


3.  Shear  and  chop— Shearing  was  performs 
with  a  D7-sized  tractor  and  a  KG-blac; 
in  September  1981.  Chopping  was  done 
with  a  single  pass  of  a  single  drum  1 
chopper.  Application  was  from  * 
September  to  November  1981.  No  burn') 
was  performed  on  treatments  3  and  4  cj 
to  poor  weather  conditions.        [ 

4.  Shear,  chop,  and  herbicide— In  addi-  j 
tion  to  the  shearing  and  chopping  of  i| 
treatment  3,  5  cc  Velpar®  Gridball"  ' 
pellets  with  10  percent  active  ingre- 
dient of  hexazinone  were  applied  in  c 
grid  pattern  at  a  rate  of  28  kg/ha 
(25  lbs/a)  in  March  1982.  Heavy  rair, 
after  application  and  poor  infiltrat  1 
caused  the  herbicide  to  smear  across 
the  plots,  yielding  almost  total  firs, 
year  control  of  both  herbaceous  and 
woody  plants,  including  planted  pines 
Approximately  80  percent  bare  ground 
was  observed  on  these  plots  during  tl- ; 
1982  growing  season. 

5.  Shear,  rootrake,  burn,  and 
disk--Shearing  and  rootraking  into 
windrows  occurred  in  September  1981. 
Good  burns  of  the  windrows  were 
achieved  in  October  1981.  The 
remaining  debris  and  ash  were  scatter; 
over  the  plots  with  a  dozer  blade; 
then,  the  plots  were  disked  with  an 
offset  harrow  to  a  depth  of  15-20  cm  1 
October  1981. 

6.  Shear,  rootrake,  burn,  disk,  fertili; ; 
and  herbicide--Site  preparation  was  1 1 
same  as  treatment  5.  In  addition, 
ammonium  nitrate  (34-0-0)  was  appliec 
by  hand  at  336  kg/ha  (300  lbs/a)  in 
March  1983,  and  Oust®  Weed  Killer  wi1i 
75  percent  sulfometuron  methyl  was 
applied  at  a  rate  of  0.56  kg/ha  (0.5 
lbs/a)  in  April,  using  backpack 
sprayers.  Herbaceous  weed  control  w< ; 
essentially  100  percent  during  most  (' 
the  1983  growing  season. 


Improved  loblolly  pine  seedlings  (1-0 
stock),  obtained  from  the  Georgia  Forestry 
Commission  nursery,  were  planted  by  hand  in 
January  and  February  1982  on  a  spacing  of  1.8  < 
3  m  (6  X  10  ft).  Seedling  growth  data  has  no1 
been  included  in  this  presentation.         ^ 

Sampling 

Composited  bulk  soil  samples  were  collect? 
for  analyses  of  nutrients,  organic  matter,  an(  ^ 
texture;  and  undisturbed  core  samples  were   ! 
extracted  for  bulk  density,  pore  space,  and 
available  water  determinations.  Sampling 
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ocurred  in  May  of  1981,  1982,  and  1983 
w;  before  site  preparation  treatments 
hilvesting)  and  during  the  first  and  se 
gtjwing  seasons,  respectively.  May  was 
sered  an  appropriate  month  for  sampli 
bJause  available  nutrients  should  be  a 
mclimum  level  by  then  to  sustain  uptake 
eruing  growing  season.  Annual  samplin 
eated  along  two  diagonal  transects 
ablished  across  the  plots,  and  sampl 
nts  were  located  every  7.6  m  (25  ft) 
ech  point,  tube  samples  were  collected 
pcited  from  the  0-  to  15-cm  (0-  to  6-i 
lej  to  60-cm  (6-  to  24-in)  depths.  Thi 
tv!  composited  bulk  samples  by  depth  pe 
Atirandomly  selected  sample  points,  whi 
ch 


,  which 

(after 

cond 

con- 
ng 
t  a 
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g  was 

ing 
.  At 
and  com- 
n)  and 
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nged  by  year,  six  core  samples  (132  cm")  per 
pit  were  extracted  from  the  upper  5  cm.  Thus, 

les  were 


composited  samples  and  180  core  sampl 
lected  and  analyzed  annually. 

Analyses 


Composite  samples  were  prepared  for 
an|lyses  by  air  drying,  crushing  or  grinding, 
sieving  to  pass   a  No.   10-mesh  sieve  (2-mm 
oppings).     Soil   nutrients  were  extracted  from 
dullicate  5-g  subsamples  using  a  weak  double- 
acd  solution   (Mehlich  1953),  which  yielded  a 
dej^rmination  of  the  readily  available 
nu'rients.     Phosphorus   analyses  were  made 
acbrding   to  Watanabe   and  Olsen   (1965),   and 
calions  (Ca,  Mg,   K,   Na)   were  determined  by 
atTiic  absorption  spectroscopy.     Organic  matter 
wa  read  as  carbon  on   a  carbon   analyzer  and  con- 
vened to  organic-matter  content  using   a 
costant.     A  1:1   soil-water  mixture  was  used  to 
red  pH.     Particle-size  distribution  was  deter- 
fnijd  by  the  hydrometer  method.     For  determining 
toal   pore  space  and  available  water-holding 
caacity,  core  samples  were  attached  to  ceramic 
dies,  soaked  to  saturation,   and  then  weighed. 
Folowing  the  weighing  procedure,   they  were 
reoaked.     Next  a  ground-silica  slurry  was  used 
toattach  the  core-plus-disk  to  a  pressure  plate 
an  a  1/3-atm  run  preceded  a  15-atm  run.     Then 
th  samples  were  oven  dried  (OD).     Total   pore 
sp;e  in  cubic  centimeters  was  calculated  by 
su;racting  the  OD  soil   weight  from  the 
sajrated  weight.     Available  water  was  calcu- 
la^d  by  subtracting  the  soil   weight   at   15-atm 
te;ion  from  that  at   1/3-atm  tension.     Bulk 
de,;ity  was  calculated  by  dividing  the  OD  weight 
ofljoil   by  the  ring  volume. 

I  An  analysis  of  variance  procedure  for 
reUted-measures  designs  was  used  to  compare 
phiical    and  nutritional    soil   properties  by 
tritment,   block,   year,   and  treatment   x  block. 
In':he  analyses  of  the  physical   properties, 
tntments  were  grouped  (1  and  2,   3  and  4,   5  and 
6))ecause  of  their  similar  treatment  due  to 


like  equipment  passes.     Analyses  were  also  per- 
formed by  pooling  the  2  years  following  treat- 
ment  and  are  presented  when  significant. 
Probabilities   less  than  0.05  were  considered 
significant.     Percent  values  were  analyzed  by 
using  arcsine  transformations.     Treatment  and 
block  means  were  compared  within  each  year  using 
Duncan's  Multiple  Range  Tests. 


^  RESULTS 

Fertility  Changes 

Site  preparation  treatments,  ranging  from 
an  untreated  check  to  very  intensive  tillage 
treatments,  resulted  in  no  significant 
differences  in  soil  organic  matter  (OM)  or  in 
available  phosphorus  (P),  potassium  (K) ,  calcium 
(Ca),  magnesium  (Mg)  and  sodium  (Na)  when  com- 
pared within  sample  years  (fig.  1  and  2). 
Yearly  shifts  in  mean  nutritional  properties 
occurred  irrespective  of  treatment  during  the 
2  years  after  application. 

The  logical  pairs  of  similar  mechanical 
passes  (1+2,  3+4,  5+5)  do  not  indicate  similar 
responses  of  nutritional  levels;  however,  the 
weed  control  additions  to  treatments  2,  4,  and  6 
could  have  changed  uptake  and  mineralization 
rates  and  thus  separated  such  similarities.  In 
this  context,  it  is  of  interest  to  note  that  of 
all  the  treatments,  the  lowest  levels  in  surface 
soils  of  OM,  P,  and  Mg,  although  not  signifi- 
cant, occurred  on  treatment  4  following  the 
total  vegetation  control  in  the  first  growing 
season.  Also,  the  herbaceous  weed  control  on 
treatment  6  in  the  second  growing  season  did  not 
result  in  increases  or  decreases  in  available 
nutrients,  except  increased  P  (0  to  15  cm)  and 
decreased  Na  (0  to  15  cm),  which  were  not  signi- 
ficant but  apparent. 

Significant  differences  were  found  in  soil 
pH  in  the  second  and  first-plus-second  years, 
for  the  0-  to  15-cm  depth  (table  1).  The  pH  of 
the  soil  tended  to  increase  with  increases  in 
intensity  of  cultural  treatment,  which  was  not 
as  evident  at  the  15-  to  60-cm  depth. 

Block  differences  were  significant  for  OM 
for  both  depths,  with  one  upland  block  having 
the  highest  amounts  and  the  block  along  an 
intermittent  stream  having  the  lowest.  The  same 
upland  block  had  a  significantly  higher  average 
pH  following  treatments  for  the  0-  to  15-an 
depth.  The  only  other  block  difference  was  in 
the  second  year;  a  side-slope  block  had  signifi- 
cantly higher  Ca  (both  depths)  and  lower  K  (0- 
to  15-cm  depth) . 
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Figure  1.  Organic  matter  and  available  phosphorus  and  potassium  in  soils  sampled  at 

two  depths  and  for  one  and  two  years  after  site  preparation  (S.P.)  treatments. 
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Figure  2.  Available  calcium,  magnesium,  and  sodium  in  soils  sampled  at  two  depths 

before  and  for  one  and  two  years  after  site  preparation  (S.P.)  treatments, 
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Table  l.--Soil  pH  means  presented  by  treatment,  sampling  depth  and  year  after  site  preparation. 


1/ 


Before 

0     - 
1^^  Yr 

15  cm 
2nd  Y, 

ist^2"d  Yr 

15  - 

-  50  cm 

Treatment 

Before 

1^^  Yr 

2nd  Y, 

l^t+2"' 

No     S.P. 

4,69 

4.88 

5.11a 

5.00a 

4.71 

5.03 

5.26 

5.15 

Handclear 

4.76 

4.91 

5.12a 

5.02a 

4.80 

5.05 

5.30 

5.18 

Shear  +  chop 

4.75 

4.97 

5.17ab 

5.07ab 

4.73 

5.09 

5.25 

5.17 

S+C+Herbicide 

4.78 

4.99 

5.33  b 

5.16  be 

4.78 

5.20 

5.40 

5.30 

S+RR+Burn+Disk 

4.81 

5.09 

5.31  b 

5.20     c 

4.81 

5.10 

5.37 

5.24 

S+RR+Burn+Disk 

4.70 

5.06 

5.26ab 

5.16  be 

4.68 

5.06 

5.30 

5.18 

+Fert.+Herbicide 

-'^Means  in  a  column  followed  by  no  letter  or  the  same  letter  are  not  significantly  different  at  the  O.C 


level 


Available  nutrients,  organic  matter,  and  pH 
changed  significantly  during  the  three  sampling 
years  (table  2).  The  surrmed  values  for  all 
treatments  generally  show  an  increase  for  the 
year  following  site  preparation  treatments,  and 
synchronized  increases  or  decreases  in  the 
second  year.  Since  the  nontreated  plots 
(treatment  1)  follow  the  same  trends  as  the 
site-prepared  plots,  these  shifts  are  either  a 
response  to  harvesting  or  merely  to  naturally 
occurring  yearly  changes  in  these  soil 
properties.  The  2  consecutive  years  of 
phosphorus  and  magnesium  increases  appear  to  be 
a  response  to  harvesting  and  not  to  naturally 
occurring  yearly  changes.  The  same  can  be 
stated  for  the  steady  rise  in  pH  for  two  years. 

Physical  Changes 

Bulk  density  in  the  surface  soils  decreased 
with  disking  and  was  significantly  less  than 
bulk  densities  after  chopping  in  the  first  year 
(table  3).  Neither  site  preparation  treatment 
differed  significantly  from  the  nontreated 
plots.  A  steady  yearly  decrease  in  bulk  den- 
sities is  apparent  in  the  overall  means,  which 
became  significantly  different  in  the  second 
year.  As  with  available  nutrients,  this  shift 
may  be  due  to  a  harvesting  response  and  less 
likely  due  to  natural  yearly  changes. 

Available  water  did  not  vary  significantly 
by  treatment,  but  there  was  a  somewhat  elevated 
water-holding  capacity  in  the  first  year  for  the 
chopping  and  disking  treatments.  Yearly  means 
were  also  significantly  greater  in  the  first 
year  after  treatment,  due  to  all  treatment  means 
being  higher. 


Total  pore  space  was  significantly  incnf 
by  the  tillage  treatments  of  rootraking  and  d 
disking,  and  differences  were  evident  for  th'i 
2  years.  There  also  appears  to  be  an  increadii 
overall  yearly  means,  probably  due  to  the  co  ■ 
butions  to  the  yearly  means  by  the  disking 
treatments  and  possibly  a  harvesting  respons 

Decreases  in  clay  and  silt  correspondin  1 1 
increases  in  sand  were  significant  in  the  se  ( 
year  following  site  preparation  treatments 
(table  4)  .  No  treatment  differences  were 
significant,  so  these  changes  could  also  be  i 
sidered  a  harvesting  response  or  probably 
sampling  variations.  These  changes  in  textu  i 
composition  only  resulted  in  minor  changes  i 
textural  class  designations. 


DISCUSSION  I 

Fertility  Changes 

Soil  fertility  did  not  vary  significant 
by  treatment.  This  finding  must  be  assessed 
with  a  full  understanding  of  the  limitations 
this  study.  The  spatial  variation  in  soil 
nutrients  is  large  and  thus  the  limitations 
sample  size  and  intensity  are   ever  present 
obstacles  in  this  type  of  research.  Field 
variation  is  compounded  in  the  rolling  terra' 
of  the  Piedmont  due  to  frequent  series  changf 
and  past  cultural  practices  that  have  depletd 
topsoil  by  varying  amounts.  Still,  the  obser 
patterns  of  nutrient  levels  presented  in  figi 
1  and  2,  for  the  most  part,  show  similar 
responses  from  year  to  year,  especially  in  tl' 
15-  to  60  cm  soil  depth.  These  similar  patte 
support  the  idea  that  sampling  intensity  was 
adequate. 
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Table  2, --Overall  yearly  means  of  available  nutrients,  pH,  and  organic  matter  by  sampling  depth 
and  years  after  site  preparation  treatments. 


Depth 

Time 

OM 

P 

K 

Ca 

Mg 

Na 

pH 

cm 

yr 

% 

----my/ Ny 

0  -  15 

B 

i.gal/ 

1.7a 

43  a 

175a 

59a 

6.8a 

4.7a 

1 

2.0a 

4.1b 

50  b 

a57b 

90b 

16.8b 

5.0b 

2 

2.3b 

5.9c 

44a 

240b 

92  b 

22.0c 

5.2c 

15  -  60 

B 

0.7a 

1.5a 

31a 

128a 

56  a 

7.7a 

4.7a 

1 

1.2b 

1.9a 

39  b 

209  b 

99  b 

22.7b 

5.1b 

2 

0.9a 

3.7b 

36b 

162  c 

104c 

20.1b 

5.3c 

1/ 


—  Means  within  a  sampling  depth  and  in  a  column  followed  by  the  same  letter  are  not  significantly 
different  at  the  0.05  level. 


Table  3. --Means  of  physical  properties  of  samples  collected  before  and  during  the  first  and 
second  growing  seasons  after  site  preparation  treatments. 


Mechanical 
Treatments 


Before 


iSt  u 

1   Yr 


2nd  Y, 


l'^   Yr  +  2"^  Yr 


BULK  DENSITY  (g/cm^) 


None 

Shear+Chop 

Shear+R.R.+Disk 


1.28 
1.34 
1.30 


1.26ab 

1.33a 

1.22b 


1. 

18 

1, 

19 

1 

16 

1.22ab 

1.26a 

1.19b 


1.31A  1.27A  1.18B 

AVAILABLE  WATER-HOLDING  CAPACITY  (%  by  vol) 


None 

Shear+Chop 

Shear+R.R.+Disk 


None 

Shear+Chop 

Shear+R.R.+Disk 


4.7 
4.9 
4.7 

5.6 
6.0 
6.1 

5.5 
4.7 
5.2 

5.5 
5.4 
5.6 

4.7A 

5.9B 

5.1A 
PORESPACE    (%) 

47 
45 
46 

47a 
46  a 
49  b 

49a 
47a 
50  b 

48a 
47  a 
50  b 

46A 


47B 


49  B 


-'^Treatment  means  listed  in  a  column  followed  by  no  letter,  or  the  same  lower-case  letter  are  not 
significantly  different  at  the  0.05  level.  Likewise,  overall  means  in  a  row  followed  by  the 
same  upper-case  letter  are  not  significantly  different  at  the  0.05  level. 
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Table  4, --Overall  means  of  soil  texture  analyzed  before,  and  one  and  two  years  after  site 
preparation  treatments 


0  -  15  cm 

15  -  60  cm 

Particle 
Size 

Before 

l''   Yr 

2"^  Yr 

Before 

^st  Yr 

2"^  Yr 

.  —  —  —  ncn^Pdirh  _  —  —  —  — 

.  —  —  —  —  —  —  —  nPKTAnl'  —  —  _  — 

Sand 

49al/ 

47a 

59  b 

37a 

37  a 

48  b 

Silt 

25  a 

24a 

15b 

23a 

23  a 

18  b 

Clay 

26  a 

29a 

25  a 

40  a 

40  a 

34  b 

Texture 

sandy 

sandy 

sandy 

clay 

clay 

sandy 

Class 

clay 

clay 

clay 

loam 

loam 

clay 

loam 

loam 

loam 

loam 

M 


—  Means  within  a  sampling  depth  and  in  a  row 
different  at  the  0.05  level. 

Lantagne  (1984),  in  a  similar  study  in  the 
Piedmont,  also  found  no  treatment  differences  in 
the  same  fertility  properties  when  analyzed  by 
year.  He  noted  a  general  trend  of  increasing 
organic  matter  and  available  phosphorus  in  the 
surface  soils  for  all  treatments.  These  same 
trends  are  also  evident  in  figures  1  and  2. 
Increased  organic  matter  in  surface  soils  should 
translate  to  heightened  available  nutrients  as 
mineralization  occurs.  Banker  et.  al .  (1983) 
also  reported  a  general  increase  in  available 
macro-nutrients,  especially  P,  following 
rootraking  treatments  in  the  Georgia  Piedmont. 
Campbell  (1973)  found  that  phosphorus  and 
calcium  increased  significantly  during  the  first 
year  after  disking  but  not  after  chopping.  In 
Texas,  Stransky  et.  al .  (1983)  found  that 
phosphorus  increased  mainly  after  burning. 
Treatments  5  and  6  of  the  current  study,  which 
included  disking  and  burning,  had  the  highest 
phosphorus  levels  in  the  first  year,  though  not 
significantly  different. 

Another  limitation  of  this  study  is  that 
critical  comparisons  of  within-plot  variation 
are  not  obtainable  because  samples  were  com- 
posited by  plot.  Although  this  is  a  common  pro- 
cedure (also  used  by  Lantagne  1984,  Banker  et. 
al.  1983,  Stransky  et.  al .  1983  and  Campbell 
1973),  the  changes  in  microsite  can  not  be 
assessed  with  such  data,  especially  changes  in 
the  distribution  of  fertility  as  they  may 
influence  evenly  spaced  pine  seedlings. 
Redistribution  of  topsoil  and  organic  matter 
characterizes  most  site  preparation  treatments, 
particularly  windrowing  and  bedding.  But  com- 
posited samples  merely  provide  an  assessment  of 
the  average  fertility  for  a  treatment,  combining 


followed  by  the  same  letter  are  not  significantly 


the  high  and  low  values.  Thus,  the  variationoifl 
fertility,  that  especially  should  occur  with  i)| 
windrowing,  is  masked.  Glass  (1976)  examined 
windrows  on  a  Piedmont  site  in  North  Carolina 
and  found  that  the  0-  to  6-cm  layer  had  340% 
more  phosphorus,  325%  more  calcium,  117%  more 
magnesium,  36%  more  potassium,  21%  more  organ  ; 
matter,  and  20%  more  sodium  than  the  inter- 
windrow  layer.  Concentrated  topsoil  and 
nutrients  have  also  been  reported  for  windrow: 
in  the  flatwoods  (Morris  et.  al .  1983).  Thus 
further  studies  are  needed  to  describe  micros  t 
variation  and  changes  in  frequency  of  fertili  y 
levels  as  they  influence  early  pine  establish- 
ment. 

The  slight  increases  in  pH,  found  with 
increasing  intensity  of  site  preparation 
(table  1),  should  translate  into  increased 
availability  of  macro-nutrients  (Pritchett 
1979).  As  acidity  or  hydrogen-ion  con- 
centrations decrease,  exchangeable  macro- 
nutrients  (N,  P,  K,  Ca,  Mg,  and  Mg)  become  mor : 
available  and  mineralization  rates  of  organic 
matter  are  increased. 

The  absence  of  an  uncut  control  stand  is 
another  limitation  of  this  study,  because  year; 
changes  under  untreated  conditions  in  both 
fertility  and  physical  properties  can  not  be 
ascertained.  The  changes  in  overall  yearly 
means  for  most  properties  and  for  both  depths 
table  2  must  be  assumed  to  be  caused  by  a 
combination  of  the  harvesting  influence,  site 
preparation  treatments,  and  natural  year-to-ye  i" 
changes.  For  the  most  part,  the  unprepared 
treatment  1  shows  the  same  pattern  of  change 
(fig.  1  and  2)  and  thus  lends  more  weight  to  tl 
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e^   influence.  Removal  of  the  overstory 
p;at  harvest  adds  logging  debris  and 
g(  all  input  variables  to  the  soil  by 
e.ing  precipitation  and  decreasing  litter- 
hile  temporarily  decreasing  transpiration 
nirient  uptake.  For  a  plot-average  study 
Oih,  these  changes  due  to  harvest  may  mask 
s  e  preparation  impacts.  Obviously,  an 
y!|em  approach,  with  careful  descriptions  of 
nilrient  budgets  and  how  they  vary  on  micro- 
s  is  required  to  fully  understand  the 
If  processes  taking  place  after  site  pre- 
it  n  treatments. 

Physical  Properties 

le  decreases  in  bulk  density  and  increases 
)0i!  space  found  with  disking  have  been  shown 
tniove  growth  of  loblolly  pines  (Hatchell, 
);loil  and  Ralston  1967).  Root  growth  is 
inifd  because  of  the  prevalence  of  accessible 
;s!ind  the  absence  of  resistance  found  in 
)ai|ed  soils.  Campbell  (1973)  also  reported 
:  popping  did  not  increase  average  bulk  den- 
y  i^en  compared  to  the  untreated  check,  but 
cil  did  result  in  a  significant  decrease. 

jailable  water-holding  capacity  was  not 
steal ly  altered  by  the  mechanical  treat- 
ts!  Banker  and  co-workers  (1983)  showed  that 
ilfation  was  decreased  by  rootraking  on  a 
dmj)t  site.  However,  if  infiltration  is 
;rJ  by  treatments,  then  the  amount  of  soil 
jrrecharge  is  altered  and  deserves  closer 
iy\   Again,  there  is  some  indication  that 
rsjiry  removal  during  harvest  may  influence 
Si  1  physical  properties,  since  decreases  in 
k  ^nsity  from  year  one  to  year  two  and 
igip  in  available  water  occurred  irrespective 
trjitment. 
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FIRST-YEAR  SURVIVAL  OF  PLANTED  LONGLEAF  PINE  BARE-ROOT 


AND  CONTAINER  STOCK  AS  AFFECTED  BY  SITE  PREPARATION  AND  RELEASE- 

2/ 
William  D.  Boyer-' 


1/ 


Abstract. --The  effect  of  field  conditions  on  first- 
year  survival  of  both  longleaf  pine  1-0  bare-root  and 
container-grown  seedlings  was  studied  at  five  locations  in 
Georgia,  representing  a  variety  of  Coastal  Plain  sites. 
Two  intensities  of  pre-planting  site  preparation  were  each 
combined  with  two  post-planting  release  treatments  (release 
with  a  herbicide  or  no  release).  Planting  was  done  in 
early  March  1983.  All  treatments  significantly  affected 
survival.  Survival  was  better  for  container  (80%)  than 
bare-root  stock  (59%).  Survival  was  better  with  the  higher 
(77%)  than  with  the  lower  (62%)  intensity  of  site  prepara- 
tion. Release  4  months  after  planting  reduced  survival 
(61%)  from  that  of  unreleased  seedlings  (79%).  None  of  the 
treatments  significantly  affected  seedling  root-collar 
diameter  after  1  year  in  the  field. 


INTRODUCTION 

Poor  survival  of  planted  longleaf  pine  has 
been  a  problem  in  Georgia,  where  planting 
failures  are  all  too  common.  Longleaf  pine  has 
long  had  a  reputation  as  a  difficult  species  to 
regenerate,  either  naturally  or  artificially. 
Repeated  longleaf  planting  failures  have  rein- 
forced this  reputation,  even  though  it  may  be 
largely  undeserved  (Mann  1969,  Farrar  and  White 
1983).  As  a  result,  other  species  have  been 
favored  over  longleaf,  despite  the  many  favorable 
attributes  of  the  species. 


The  poor  s 
most  1 ikely  can 
three  factors, 
stock;  care  in 
and  field  condi 
during  the  crit 
planting  of  Ion 
tion  to  details 
continuing  thro 
several  authors 
and  White  1983) 


urvival  of  planted  longleaf  pine 
be  attributed  to  one  or  more  of 
These  are:  Quality  of  nursery 
handling,  storage,  and  planting; 
tions  at  the  time  of  planting  and 
ical  first  year.  Successful 
gleaf  pine  requires  careful  atten- 
beginning  at  the  nursery  and 
ugh  planting,  as  outlined  by 
(Mann  1969,  White  1979,  Farrar 


—  Paper  presented  at  Southern  Silvicultural 
Research  conference,  Atlanta,  Georgia, 
Novembflr  7-8,  1984. 

—  The  author  is  Principal  Si  Iviculturist  at 
the  George  W.  Andrews  Forestry  Sciences  Laboratory, 
Auburn,  AL,  maintained  by  the  Southern  Forest 
Experiment  Station,  Forest  Service— USDA,  in 
cooperation  with  Auburn  University. 


This  study  is  concerned  with  the  effei-tof 
field  conditions,  particularly  the  degree  >  Ipre 
and  post-planting  competition  control,  on  Ij 
survival  of  longleaf  pine  on  a  wide  range 
coastal  plain  sites  in  Georgia. 


METHODS  AND  PROCEDURES 

Location 

Five  sites   in  Georgia  were  selected  fi'ithi 
study,   as  follows: 

1.  Butler  (Taylor  County).  A  sandhi' 
site  with  a  sandy  surface  soil  >  36"  in  dew 
turkey-bluejack  oak  type. 

2.  Soperton  (Treutlen  County).  A  sai 
moderately  well-drained  middle  coastal  pla  | 
site.  Sandy  surface  soil  underlaid  by  sani 
loam  at  22"-24"   depth. 

3.  Waycross  (Ware  County).     A  sandy, 
drained  flatwoods  site  with  high  water  tab 
Sandy  surface  soil   underlaid  at  20"-22"  by 
clay  loam.     Lower  coastal   plain  palmetto- 
gall  berry  type. 

4.  Valdosta  (Lowndes  County).     A  dee) 
site,   sandy  surface  soil   >  36"   in  depth,  wi 
high  water  table.     Lower  coastal   plain  harlfoa 
bay  type. 

5.  Albany  (Doughetry  County).     A  sard 
middle  coastal   plain  site.     Sandy  surface  ; 
underlain  at  8"-10"  depth  by  sandy  loam  tc 
clay  loam  subsoil,  grading  to  compact  sancy:ia. 
at  20"-24". 
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Treatments 

Four  treatments  were  established  at  each 
tdy  location  except  Albany.  These  treatments 
luded  two  intensities  of  pre-planting  site 
jriparation,  designated: 

1.  Low.  Complete  removal  of  all  trees, 
dwood  and  pine,  plus  one  mechanical  pass  (chop 

Driharrow)  for  residual  brush  control. 

2.  High.  Same  as  above,  plus  additional 
nehanical  pass  (chop  or  harrow)  for  improved 

(petition  control. 


«y( 


Each  of  the  two  site  preparation  treatments 
e  split,  for  application  of  two  post-planting 
rtease  treatments,  as  follows: 


1.  Release.  Velpar®  L  applied  as  a  spray 
a  rate  of  one  pound  a.i.  per  acre,  (0.75  pound 


orlButler  sandhills  site)  in  water,  to  make  about 
3(gal.  of  spray  per  acre.  Plots  were  sprayed 
m  the  ground,  using  a  small  crawler  tractor 
ipped  with  a  cluster  nozzle.  All  spraying  was 
e  during  the  period  July  5-8,  1983. 


No  release. 


At  each   location,   about  three  acres  were  set 
de  for  the  study,  with  one-half   (li   acres)   for 
h  of  two  intensities  of  site  preparation, 
h  of  these  was   split  for  application  of  the 
t'||  post-planting  release  treatments.     Sites  were 
pipared  in  the  fall-winter  of  1982-83,   as 
fjlows. 

1.     Butler 

a.  Low  site  prep.  Clearcut,  single 
chop. 

b.  High  site  prep.  Clearcut,  sheared 
and  piled,  double-chop. 

2.  Soperton 

a.  Low  site  prep.  Clearcut,  burn, 
single  chop. 

b.  High  site  prep.  Clearcut,  burn, 
double  harrow. 

3.  Waycross 

a.  Low  site  prep.  Clearcut,  single 
chop. 

b.  High  site  prep.  Double  harrowed 
(old  field,  not  cutover). 

4.  Valdosta 

a.  Low  site  prep.  Clearcut,  sheared 
and  piled,  single  harrow. 

b.  High  site  prep.  Clearcut,  sheared 
and  piled,  double  harrow. 


5.  Albany 

a.  Low  site  prep.  Hot  fall  burn  only. 

b.  High  site  prep.  None. 

The  Albany  site  has  a  residual  longleaf  pine 
overstory  averaging  about  20  ft  basal  area  per 
acre.  A  burn  was  the  only  site  preparation 
treatment.  This  location  was  omitted  from  the 
experimental  design,  although  it  was  split  for 
release  treatments,  and  marked  seedlings  were 
periodically  examined. 

Planting 

Longleaf  pine  1-0  bare-root  and  container 
stock  were  both  planted  on  all  study  plots. 

About  10,000  1-0  bare-root  seedlings,  all 
from  E.A.  Hauss  (Atmore)  Nursery  in  Alabama,  were 
used  in  this  study.  These  seedlings  were  lifted 
February  24,  and  transported  to  the  study  area  on 
February  26,  1983.  All  nursery  seedlings  were 
machine  planted  with  a  Whitfield  planter  pulled 
by  a  crawler  tractor. 

About  1,900  container-grown  seedlings  were 
obtained  from  a  Southern  Station  Research  Work 
Unit  (RWU-1102)  at  Pineville,  LA,  and  were  about 
25  weeks  old  when  planting  began.  They  were 
grown  in  10  cubic  inch  RL  Single  Cells®  filled 
with  a  1:1  peat-vermicul ite  medium.  Seedlings 
were  removed  from  the  plastic  tubes  in  the  field, 
and  the  plugs  were  hand  planted  using  a  dibble. 

All  seedlings  were  planted  at  a  spacing  of 
about  6  x  12  feet  (600  trees/acre).  In  each  of 
the  four  treatment  plots  per  location  (two  plots 
at  Albany),  about  500  bare-root  and  100  con- 
tainer seedlings  were  planted. 

Planting  in  a  normal,  operational  manner 
began  March  1  and  was  completed  March  10,  1983. 
All  bare-root  and  container  stock  were  planted, 
with  no  intentional  culling  based  on  size  or 
condition.  Within  each  treatment  plot,  100  bare- 
root  and  50  container  seedlings  were  marked  for 
observations  of  survival  and  growth.  Five 
20-seedling  row  segments  of  bare-root  stock  and 
five  10-seedling  row  segments  of  container 
seedlings  were  identified  in  each  plot.  The 
first  seedling  in  each  sample  row  segment  was 
marked  with  a  pin  and  tag  identifying  the  row 
segment.  Each  sample  seedling  within  row 
segments  was  marked  with  a  flag  pin. 

Measurements 

Survival  of  all  marked  seedlings  (100  bare- 
root  and  50  container  stock  per  treatment- 
combination)  was  checked  a  total  of  six  times 
during  the  first  year  from  planting;  five  times 
from  April  through  September  1983  and,  finally, 
February  1984. 
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Seedling  root-collar  diameter  was  measured 
and  recorded  for  all  sample  seedlings  in  one  row 
segment  out  of  five  for  both  bare-root  and 
container  stock  to  permit  growth  comparisions 
among  treatments.  No  sample  seedlings  were  in 
active  height  growth  (0.5  ft  or  more  in  height  to 
base  of  terminal  bud)  in  February  1984,  after  one 
year  in  the  field.  Only  a  20  percent  subsample 
of  all  sample  rows  was  taken,  since  root  collar 
measurements  can  disturb  both  the  seedling  and 
its  immediate  environment. 

The  percent  of  vegetative  cover  on  a  6-ft 
wide  belt  centered  on  each  sample  row  segment  was 
estimated  to  the  nearest  10  percent.  These 
estimates,  made  in  September  1983  at  all  loca- 
tions except  Butler,  were  completed  in  October 
1983. 

Analysis  of  variance,  with  significance  at 
the  0.05  level,  was  used  to  determine  effects  of 
treatments  on  recorded  variables  in  this  split- 
split  plot  experiment. 


RESULTS 

Seedling  Survival 

Seedling  survival  at  end  of  the  first  growing 
season  in  the  field  was  significantly  affected  by 
all  treatments.  Overall  survival  of  longleaf 
pine  seedlings  averaged  69.8  percent.  Among  the 
eight  treatment  combinations,  however,  average 


seedling  survival  ranged  from  a  low  of  48 
cent  for  bare-root  stock  with  low  site  p 
sprayed  for  release  to  a  high  of  97.5  per 
container  stock  with  high  site  prep  not  s 
for  release  (Table  1).  Survival  differed 
between  container  (80%)  and  bare- root  sto 
Seedling  survival  was  better  with  high  si 
(77%)  than  with  low  (62%).  Seedling  rele 
liquid  Velpar®  adversely  affected  seedli 
vival,  which  averaged  61  percent  compared 
percent  for  seedlings  without  release.  N 
the  interactions  in  the  analysis  were  sig 
cant.  Transforming  survival  percents  (ar 
Ypercent/IOQ)  did  not  change  the  results 

Despite  the  broad  range  of  site  cond 
represented  in  the  study,  differences  amo 
four  locations  in  seedling  survival  were  < 
great  enough  to  be  significant  for  bare-m 
container  stock  separately  or  for  both  coi 
Survival  was  consistently,  better  for  cont . 
than  for  bare-root  stock  at  all  locations i 
including  Albany  that  was  omitted  from  thiH 
analysis  (Table  2).  Mortality  associated 
release  varied  considerably  among  locatioi 
was  worst  for  both  types  of  planting  stoc' 
sandhills  site  at  Butler,  even  though  that 
bicide  rate  had  been  reduced  to  0.75  lb  &« 
at  this  location. 


a  fi 
ist 


'prej 
';  wit 
isur- 
79 
of 
i- ; 
n 


I 

iltti 

:!bul 

|ntl 

/aci 


The  best  treatment  combination  was  h'tsli 
preparation  without  release.  Under  these'ln- 
ditions,  survival  was  satisfactory  everywi*|e 
(over  75%)  except  for  bare-root  stock  on 
sandhills  site  at  Butler  (Table  3). 


Table  1. --First-year  survival  of  planted  longleaf 
and  release. 


pine  according  to  seedling  type,  site  preparat 


Seedl ing  type 


Release 


High  site  prep. 


No  release 


Release 


Low  site  prep. 


AveraiK 


No  Release 


■(percent)- 


Bare-root  stock 
Container  stock 


50.8 
85.5 


74.5 
97.5 


48.8 
58.5 


63.0 
79.5 


59.; 
80.;. 


"MTT 


"SO" 


"SIX 


TTTT 
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Average 


Table  2. --First-year  survival   of  pTinted  longleaf  pine  at  each  study  location. 


Location 


Bare-root  stock 


Container  stock 


Release 


No  Release 


Release 


No  Releait 


■(percent)- 


Butler 

Valdosta 

Waycross 

Soperton 

Albany 


Average 


32 

51 
52 
64 
51 


62 
64 
76 
74 
54 

"ST 


53 
83 
60 
92 
90 


94 
94 
79 
87 
92 

"ST 


76 


iiM' 


able  3, --First-year  survival   of  planted   longleaf 
pine  with  best  treatment-combination 
(high  site  prep-no  release). 


ocation 


utler 
aldosta 
aycross 
operton 


Bare-root 

Container 

stock 

stock 

-(percent)- 

60 

94 

82 

100 

76 

98 

80 

98 

Average 


75 


98 


A  major  factor  affecting  first-year  survival 
f  any  planted  pines  is  drought  during  the 
rowing  season.  Severe  spring  and  summer 
roughts,  widespread  in  Georgia  during  1984, 
ffected  some  study  locations  much  more  than 
thers. 

The  most  severe  rainfall  deficiencies  were 
ecorded  near  Butler  and  Soperton.  At  Butler, 
ainfall  was  only  about  30  percent  of  normal  in 
ay,  20  percent  in  July,  and  53  percent  in 
eptember.  There  were  21  consecutive  days  in  May 
•ith  a  total  of  only  0.10-inch  of  rain,  14  con- 
ecutive  days  in  July  without  rain  and,  later,  29 
onsecutive  rainless  days  beginning  August  5.  On 
andhills  sites,  with  deep,  excessively-drained 
andy  soils,  the  effects  of  drought  are  expected 
[o  be  more  severe  than  on  other  coastal  plain 
lites,  especially  those  with  high  water  tables. 
|it  Soperton,  rainfall  was  only  about  18  percent 
!)f  normal  in  May,  25  percent  in  July,  and  72 
lercent  in  August.  From  late  April  to  mid-May, 
jhere  were  21  consecutive  days  without  rain, 
luly  had  19  consecutive  days  with  a  total  of  only 
1. 11-inch  of  rain,  and  August  had  15  consecutive 
ainless  days. 


Rainfall  at  Waycross  was  22  percent  of 
r  Ijiormal  in  May  and  67  percent  in  August.  In  May 
.here  were  18  consecutive  days  with  a  total  of 
lust  0.11-inch  of  rain.  July  had  14  consecutive 
ainless  days. 

Valdosta  did  not  have  any  month  deficient  in 
Rainfall,  although  there  were  15  consecutive  days 
jnthout  rain  in  July.  At  Albany,  only  July  was 

--deficient  in  rainfall,  at  52  percent  of  normal, 
Although  there  were  14  consecutive  days  without 

-rain  in  July,  and  16  consecutive  rainless  days  in 

■■  August. 

I    Except  for  bare-root  stock  at  Butler, 
differences  among  locations  in  drought  severity 
ilid  not  appear  to  influence  seedling  survival. 


Some  seedling  mortality  occurred  at  the 
Valdosta  location  due  to  flooding  and  ponding  of 
water  for  relatively  long  periods.  All  flooded 
seedlings  were  in  the  low  site  prep  portion,  and 
all  died.  Five  percent  of  the  seedlings  at  that 
location  were  affected. 

Poor  planting  of  bare-root  seedlings  (too 
shallow  or  too  deep),  and  also  the  prolonged 
flooding  at  Valdosta,  affected  an  estimated  10 
percent  of  all  seedlings,  with  associated  mor- 
tality of  about  4  percent.  Poor  planting  and 
flooding,  together,  accounted  for  about  10  percent 
of  all  mortality  recorded  through  the  first  year. 


associated  with 
living  seedlings 
cull  or  grade  by 
ality,  however, 
te/treatment 
th  survival 


cent/lOT)) 
ns  accounted  for 
variation  in 


Some  mortality  may  also  be 
seedling  size  and  vigor,  as  all 
were  planted  with  no  attempt  to 
size.  Most  of  the  recorded  mort 
appears  to  be  associated  with  si 
conditions.  In  the  analyses  (wi 
percents  transformed  arcsinVper 
recorded  site/treatment  conditio 
72  percent  of  the  total  observed 
survival . 

Seedling  Size 


After  one  year  in  the  field,  average 
seedling  root-collar  diameter  was  0.52-inch,  with 
container-grown  slightly  larger  (0.55-inch)  than 
bare-root  stock  (0.49-inch).  The  difference  was 
not  significant.  None  of  the  treatments  had  a 
significant  effect  on  seedling  root-collar 
diameter  at  end  of  first  year  in  the  field. 

Vegetation  Density 

Vegetative  ground  cover  percent  associated 
with  each  treatment  and  location  was  estimated 
in  the  fall  of  1983.  Release  was  the  only  treat- 
ment significantly  affecting  ground  cover,  which 
averaged  19  percent  for  released  plots  and  38 
percent  for  unreleased  plots.  The  intensity  of 
pre-planting  site  preparation  had  no  effect  on 
cover,  which  was  primarily  herbaceous  vegetation. 
Vegetative  ground  cover  on  unreleased  plots 
ranged  from  a  low  of  19  percent  on  the  sandhills 
site  at  Butler  to  a  high  of  62  percent  at 
Waycross. 


.CONCLUSIONS 

The  survival  of  containerized  seedlings 
during  the  first  year  was  far  superior  to  that  of 
bare-root  nursery  stock.  The  differential  was 
greatest  on  the  dry  sandhills  site,  where  94 
percent  of  the  unsprayed  container  stock  survived 
compared  to  62  percent  of  bare-root  stock.  These 
seedlings  survived  severe  May  and  July-August 
droughts.  The  superior  survival  of  container 
over  bare-root  stock  on  sandhills  sites  has  been 
observed  elsewhere  (Goodwin  1980).  Containerized 
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seedlings  seem  better  able  to  withstand  environ- 
mental stress  than  bare-root  stock  during  the 
first  year  after  planting.  If  this  is  so, 
containerized  seedlings  should  be  preferred  over 
bare-root  seedlings  for  planting  on  severe  sites. 

Intensive  advance  preparation  of  the 
planting  site  can  improve  the  first-year  survival 
of  longleaf  pine  seedlings,  according  to  results 
of  this  study.  The  degree  of  response  to  more 
intensive  site  preparation  varied  among  loca- 
tions, being  entirely  absent  on  the  sandhills 
site  for  both  types  of  planting  stock. 

Release  spraying  with  Velpar®  L  reduced 
longleaf  seedling  survival  considerably.  Except 
for  the  sandhills  site,  containerized  seedlings 
suffered  relatively  light  mortality  from  the  her- 
bicide compared  to  bare-root  stock.  It  may  prove 
desirable  to  defer  herbicide  treatment  until  the 
second  year   after  planting,  particularly  for 
bare-root  stock.  By  then,  surviving  seedlings 
should  be  well  established  and  better  able  to 
withstand  the  spray. 

While  the  herbicide  treatment  reduced 
seedling  survival,  it  had  not  significantly 
improved  the  growth  of  survivors  by  year  end. 
The  treatment  did  significantly  reduce  herbaceous 
competition.  Whether  this  will  improve  seedling 
growth  during  their  second  year  remains  to  be 
seen. 
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SUSTAINED  RESPONSE  OF  PLANTED  SLASH  PINE 
TO  SPACING  AND  SITE  PREPARATION  U 
Terry  I.  Sarigumba  2/ 


Abstract. — In  195S  a  study  was  made  to  test  the  e-f-fects 
o-f  di-f-ferent  spacings  and  site  preparation  treatments  on 
the  productivity  of  slash  pine  <Pinus  el  1 iotti  i  var. 
el  1  iotti  Engelm.  )  planted  on  di-f-ferent  southeastern 
coastal  plain  soils.   Results  obtained  25  years  a-fter 
installation  showed  that  bedding  and  harrowing  had  signi- 
•ficantly  increased  the  productivity  o-f  the  soils  involved 
and  that  the  latter  was  more  e-f-fective  than  the  -former. 
This  study  also  showed  that  planting  spacing  is  a  highly 
important  aspect  o-F  e-f-fective  plantation  management. 


During  the  1950s,  the  growing 
rjerest  in  intensive  forest  management 
ia|  seriously  impeded  by  uncertainties 
ibjut  the  management  tools  needed  -for  ef- 
=sitive  plantation  establishment  (Worst 
.S'4) .   Practitioners  during  that  period 
<ated  to  know:  1)  the  initial  density  at 
«hch  pine  trees  should  be  planted  -for 
jpimum  stocking,  2)  e-f-fective  site  pre- 
laation  methods  that  would  ensure  good 
auvival  and  growth,  and  3)  the  in-fluence 
s-fsoil  properties  on  the  e-f -f ectiveness  of 
spcing  and  site  preparation- 

j  To  address  these  questions,  a  uniform 
ityy  was  installed  on  six  separate  areas 
'S'esenting  the  range  of  pine  sites  found 
an  the  lands  controlled  by  the  Brunswick 
'uij»  Land  Company  (BPLCO)  in  southeast 
3ei-gia.   Soils  involved  in  this  study  are 
»hi4n  in  Table  1. 

Each  site  was  partitioned  into  1-acre 
>l<:ks  and  randomly  assigned  to  seven  tree 
ip.:ings.   Each  bloctk  was  evenly  divided 
nij  four  sub-plots  and  each  of  these  was 
isi  gned  a  particular  site  preparation 
ir^itment.   The  seven  spacings,  replicated 


1/  Paper  presented  at  Southern  Sil- 
'itiltural  Research  Conference,  Atlanta, 
i«cgia,  November  7-8,  1984.   Appreciation 
s  xtended  to  Al  Mollitor,  CRIIF  Program 
larger,  University  of  Florida,  for  doing 
hijactual  presentation. 

\   S/  Research  Forester,  Brunswick  Pulp 
•ri  Company,  P.  O.  Box  860,  Brunswick, 
■cjgia  31521. 


twice  in  each  location,  were  (in  feet): 
6  X  6,  6  X  10,  a  X  a,  6  X  12,  8  X  12, 
10  X  10,  and  12  x  12.   Site  preparation 
treatments  included: 

A.  CONTROL  -  No  treatment 

B.  SCALP  -  After  burning  in  December, 
1957,  a  Mathis  fireline  plow  pushed 
out  debris  and  1  to  2  inches  of  top 
soi  1 . 

C.  BED  -  After  burning  in  May,  1957, 
the  ground  was  plowed  in  strips 
using  a  D-4  Caterpillar  tractor  and 
Mathis  fireline  plow  which  created 
deep  furrows.   The  furrowed  strips 
were  then  pulled  back  with  an  Athena 
fireline  harrow  to  form  a  planting 
bed  with  a  raised  center. 

D.  HARROW  -  Similar  to  C  except  the 
ground  was  harrowed  twice  with  a 
7-foot  Rome  offset  harrow. 


Table  1.  Some  southeastern  coastal  plain 
soils  and  their  selected  properties. 


Soil 


Bh  * 


Bt 


Qrsino 

Chipley 

Leon 

Mascotte 

Olustee 

Pel  ham 


Drainage  class 


—  inches  — 
16-24 

14-30 

16-28  30-36 

12-16  12-20 

-  26-36 


moderately  well 

moderately  well 

somewhat  poor 

poor 

poor 

poor 


*  Bh  =  organic  pan  or  spodic  horizon 
Bt  =  clay  or  argil  lie  horizon 
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Slash  pine  seedlings,  1-0  stock,  were 
dibble-planted  in  January,  1958.   Measure- 
ments Mere  made  4,  10,  14,  20,  and  25 
years  a-fter  installation.   Because  the 
test  on  the  Chipley  soil  was  damaged  by 
wild  -fire  and  the  one  on  Olustee  was  har- 
vested before  age  25,  results  from  these 
tests  are  excluded  from  this  report. 

As  shown  in  Table  2,  volume  yields 
at  age  20  in  some  spacing  groups  were  not 
significantly  different.   For  instance, 
volume  yields  in  the  6  x  10,  8x8,  and 
6  X  12  were  not  statistically  distinct  and 
the  same  was  true  for  those  in  the  8  x  12 
and  10  X  10  spacings.   Therefore,  only  the 
spacings  selected  to  represent  each  dis- 
tinct group  are  included  in  this  paper. 
Furthermore,  this  report  is  confined  to. 
the  spacings  that  represent  a  progressive 
doubling  in  planting  density:  6x6, 
6  X  12,  and  12  x  12. 


Table  2.  Main  effects  of  spacings  of  slash 
pine  volume  at  age  20. 


Soacinas 

Volume 

(feet) 

(cords/ acre) 

6  X 

6 

28  a  * 

6  X 

10 

23  b 

8  X 

8 

24  b 

6  X 

12 

23  b 

8  X 

12 

20  c 

10  X 

10 

19  c 

12  X 

12 

16  d 

Measurements  made  at  age  4  showed  j 
large  height  variations  caused  by  soil  i|j 
site  preparation  treatments  (Table  3).  It 
later  ages,  the  F-values  declined  but  a^j 
age  25,  they  were  still  very  highly  signi- 
ficant, indicating  that  what  proved  to  | 
significant  at  age  4  had  remained  the  sra 
through  age  25.   The  interaction  betwe»fi! 
soil  and  spacing  started  weakly  but  beo(||ie 
stronger  at  age  25.   On  the  other  hand,,|! 
the  interaction  between  soil  and  site  (ii|;i- 
paration  treatment  lost  its  significand 
from  age  20  to  25,  after  starting  stror  ( y 
at  age  4. 

In  terms  of  the  average  tree  heiglji'i 
across  all  spacings  at  age  4,  the  tallil|: 
trees  were  observed  on  the  Orsino  soil 
while  the  smallest  ones  were  found  on  :> 
Leon  soil  (Table  4).   On  the  other  hani 
the  main  effects  of  spacing  showed  no  ii- 
nificant  difference  at  all.   On  the  Or-^^io 
soil,  the  best  spacing  in  terms  of  heii^t  ' 
growth  was  6x  12,  12x  12  on  the  Leonr^ 
and  6  X  6  on  the  Pel ham. 

After  showing  no  significant  res-i 
ponse  to  spacing  earlier,  height  growit 
became  more  sensitive  to  spacing  as  aci 
increased.   By  age  25,  trees  in  thi 


12  spacing  were  considerably  tali  I' 
those  in  the  6x6or6x  12.   Ei  | 
on  the  Orsino  soil  where  the  taliftt 
were  in  the  6  x  12  plots  at  ageiJtSi 
tallest  trees  were  observed  in  thffi 


*  Values  bearing  different 
letters  are  significantly 
different  at  .05  level. 


12  X 

than 

cept 

tr 

th 

12  X  12  spacing  on  the  other  soils. 

The  main  effects  of  site  prepara<:{ 
ion  treatments  were  only  1  ft.  apart  i|' 
age  4  (Table  4).  But  at  age  25,  heigjij 
range  had  increased  from  48  ft.  for  f^ 
scalp  treatment  to  54  ft.  for  the  harrlN. 


ullit 

(Kill! 


m 

'iitte 


Table  3.  The  effects  of  soil,  spacing,  and  site  pre- 
paration on  slash  pine  height  at  different  ages. 


SOURCES  OF 
VARIATION 

4 

AGE 

10 

MEASURED  

14       20 

25 

Cm 

-iJAI  1  ICQ   - 

SOIL  (A) 

95.0** 

104. 9»» 

34.6»» 

10.4»» 

14.4** 

SPACIN6  (B) 

2.7 

3.  1* 

0.4 

5.7» 

45.0** 

A  X  B 

3.1* 

5.2»* 

2.4 

2.8* 

8.9»» 

SITE  PREP  (C) 

253. 8*« 

122. 4»« 

85.4«» 

31.1*« 

21.4*» 

A  X  C 

31,5»» 

9.2»* 

2.9» 

2.0 

2.0 

B  X  C 

1.9 

2.  1 

1.3 

1.0 

0.7 

A  X  B  X  C 

1.3 

2.2 

1,7 

lr7 

;.4 

Levels  of  significance:  «s.05   **«.01 


"Si 

fitmi 
■ft  111 

S\ 

-•tlpj, 

% 


'^ifti 
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Table  4.  The  ef-fects  o^    soil,  spacing,  and  site  preparation  treatments 
on  slash  pina  height  at  age  4  and  25. 


SOIL 


6x6 


SPACING  

6x12     12x12 


SITE  PREPARATION  

A  »     B C D 


AVE 


AGE  4 

ORSINO 

LEON 

MASCDTTE 

PELHAM 


feet  


7  awx  8  aw  6  ax 

4  bwx  4  bcx  5  bw 
3  cw  3  cw  3  bw 

5  bw  4  bw  4  bw 


AVE 

AGE  25 

ORSINO 

LEON 

MASCOTTE 

PELHAM 


5  w 


5  w 


5  ay  4  ay  8  ax  9  aw 

4  awx  4  bx  5  cw  4  ex 

3  cw  2  ex  3  dw  3  dw 

4  bx  4  bx  5  bw  5  bw 


5  w 


7  a 

4  b 

3  c 

4  b 


4  X 


5  w 


5  w 


47  bey  55  aw  52  ex 
49  ax  51  ex  57  aw 
46  ey   53  bwx  55  bw 

48  abx  47  dx  52  cw 


AVE 


47  y    52  X 


54  w 


49  aby  47  by  52  awx  55  aw  51  ab 

51  awx  50  ax  54  awx  55  aw  52  a 

49  abx  48  abx  54  aw  54  aw  51  b 

47  bx   47  abx  53  aw  49  bx  49  c 


49  X 


48 


53  w    54  w 


«  Site  preparation  treatments:  A=CONTROL;  B=SCALP;  C=BED;  0=HARROW 

Values  bearing  di-fferent  letters  are  si gni -f leant ly  di-f-ferent  at 
.05  level.   Use  a,  b,  c,  d  to  compare  column-wise;  w,  x,  y  to 
compare  row-wise. 


Height  variations  at  age  25  were 
3ven  wider  at  the  interaction  level  which 
^howed  that  the  best  response  to  site  pre- 
aration  had  been  consistently  observed 
m  the  Grsino  soil.   For  the  Orsino,  Leon, 
l^nd  Mascotte  soils,  harrowing  appeared 
^o  be  the  best  treatment  while  -for  the 
'elham  soil,  bedding  had  stimulated  the 
Jest  height  growth.   This  is  an  expected 
Result  -from  such  a  poorly  drained  soil. 
jrhe  scalp  treatment  produced  the  small- 
i^st  tree  regardless  of  soil.   In  fact, 
Ipffects  of  the  scalp  treatment  were  worse 
^han  those  of  the  control . 


Table  5.  The  effects  of  soil,  spacing,  and 
site  preparation  on  slash  pine  volume 
at  different  ages. 


SOURCES  OF 
VARIATION 


10 


AGE  MEASURED 
14 20 


25. 


A  X 


A  W 

B 

B 

C 

C 

C 


163.3-»-»   54.4-»-»   23.2-»"» 


5.2-» 


A 
B 
A  X  B  X  C 


62.7-»-»  21.6»-» 

15.3-»-»  4.1-* 

127. 2»*  89.7*» 

36.6-»-»  6.3*-» 

8.5'iHi-  2.6 


59.1»-»  53.6-i»-» 

2.7»  2.8» 

76. 6**  26.7»» 

2.6  1.9 

1.6  0.4 


4.  1* 


1.2 


2.3 


1.0 


As  shown  in  Table  5,  the  effects  of 
oil  on  slash  pine  volume  were  highly  sig— 
ificant  at  age  10  but  were  reduced  to 
lear  non-significance  at  age  25.   Vari- 
itions  in  volume  caused  by  spacing  were 
lighly  significant  at  age  10  and  remained 
he  same  through  age  25.   However,  there 
s  soma  kind  of  bias  in  the  effects  of 
facing.  The  significance  of  the  F-values 
fTB  not  due  to  spacing  per  se  because 
tocking  levels  associated  with  the  dif- 
erent  spacings  ranged  from  250  to  1000 
rees  per  acre.   The  main  effects  of  site 
reparation  treatments  were  initially  very 
IJtrong  and  remained  strong  until  age  25. 
lignif leant  interactions  between  soil  and 
ite  preparation  on  the  one  hand  and  bet- 
pen  spacing  and  site  preparation  on  the 
ther  were  observed  during  the  10th  to 
4th  year  but  these  effects  had  di sap- 
Bared  afterwards. 


W    A=5oil  Bsspacing  C=site  preparation 

In  terms  of  average  volume  across  all 
soils,  the  effects  of  the  three  spacing* 
were  highly  distinct  (Table  6).  Plots  with 
6  X  12  spacing  produced  9  cords/acre  more 
than  those  with  12  x  12.   This  was  cei — 
tainly  due  to  the  fact  that,  as  will  be 
shown  later,  the  surviving  trees  in  the 
6  X  12  spacing  exceeded  by  244  trees/acre 
those  in  the  12  x  12.   However,  although 
the  surviving  trees  in  the  6x6  spacing 
exceeded  by  381  trees/acre  those  in  the 
6  X  12,  the  yield  difference  was  only  5 
cords/acre.   This  is  a  strong  indication 
that  a  near  optimum  stocking  was  attained 
in  the  6  x  12  spacing,  that  trees  in  the 
6x6  had  succumbed  to  over — crowding,  and 
that  in  the  12  x  12  spacing,  growing  space 
was  not  fully  utilized. 

At  the  interaction  level,  the  spacing 
effects  on  the  Leon,  Mascotte,  and  Pel ham 
soils  followed  the  same  trend  as  the  main 
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e-F-fects.   On  the  Orsino  soil,  however, 
the  6  X  12  plots  had  exceeded  in  volume 
yield  the  6x6  plots.   The  drainage 
characteristics  (Table  1)  o-f  this  soil  may 
have  accentuated  the  severity  o-f  compet- 
ition due  to  crowding. 

The  main  e-f-Fects  o-f  site  preparation 
on  volume  yield  were  also  sharply  distinct 
(Table  6).   The  trees  in  the  bedded  plots 
produced  4  cords/acre  more  than  the  con- 
trol while  the  harrowed  plots  yielded  6 
cords/acre  more  than  the  control .   On  the 
other  hand,  the  plots  receiving  the  scalp 
treatment  were  3  cords/acre  in-ferior  in 
productivity  to  the  control. 

At  the  interaction  level,  harrowing 
was  the  best  treatment  on  the  Orsino, 
Leon,  and  Mascotte  soil  while  bedding 
appeared  to  be  slighly  better  on  the  Pel— 
ham  soil.   Because  o-f  poor  drainage,  the 
Pel  ham  and  Mascotte  soils  should  have  be— 
ne-fited  more  from  bedding.   Probably,  the 
trees,  especially  those  on  the  Mascotte 
soil,  responded  more  to  reduction  in  weed 
competition  accomplished  by  harrowing. 

The  e-f-fects  of  the  scalp  treatment 
bear  some  important  implications.   If 
moving  a  small  portion  of  the  top  soil 
over  such  a  small  distance,  as  was  done 
in  this  study,  had  made  a  big  reduction 
in  productivity  of  the  planted  slash, 
then  pushing  big  chunks  of  top  soil  far — 
ther  away  from  the  planted  trees,  as  is 
done  in  some  windrowing  activities  on  un- 


suitable sites,  could  be  more  damaging, 
especially  when  the  top  soil  is  limited 
or  does  not  exist. 

Projection  curves  based  on  the  vol- 
ume growth  trend  observed  through  age  20  I 
on  the  Orsino  soil  indicated  that  by  age 
25,  the  trees  in  the  plots  receiving  the  ■ 
harrow  treatment  would  outyield  those  in 
the  6x6  plots  receiving  the  same  treat- 
ment (Fig.  1).   The  curves  also  indicated 
that  the  trees  in  the  12  x  12  plots  would 
pull  even  in  volume  yield  with  those  in   ( 
the  6x6  plots  by  age  25.   As  shown  on 
Table  7,  the  6  x  12  curve  did  go  over  theiij 
6x6  curves  but  the  12  x  12  curve  failed)(! 
to  make  it  to  the  projected  intersection  ij 
point. 

In  Fig.  2,  volume  yields  of  plots 
that  received  the  harrow  treatment  on  the 
Orsino  soil  are   shown  by  spacing  and  dia- 
meter classes.   The  total  volume  yield  at 
age  25  in  the  6x6  spacing  was  5  cords 
less  than  in  the  6  x  12.   Since  the  majo- 
rity of  the  surviving  trees  in  the  6x6 
spacing  were  in  the  5—6  inch  size  range 
while  those  in  the  6  x  12  spacing  were  or 
the  7-9  inch  size  range,  better  product 
quality  further  enhanced  the  superiority 
of  the  6  X  12  spacing  over  the  6x6.   Tf  e 
volume  yield  in  the  12  x  12  spacing  was  :: 
cords/acre,  6  cords  less  than  in  the  6  x  t 
but  more  than  half  of  this  yield  was  ac- 
counted for  by  trees  that  were  9  inches  :i 
diameter  or  larger. 


# 


Table  6.  The  effects  of  soil,  spacing,  site 
preparation  on  slash  pine  volume  at  age  25. 


SPACING 
6x6 
6  x  12 

12  X  12 


ORSINO 


35  ax  » 

36  awx 
22  bw 


SOIL 


LEON 


40  aw 
32  bx 
25  cw 


AVE 
cords/ acre  


MASCOTTE 


PELHAM 


34  ax 
32  ax 
24  bM 


39  awx 
27  by 
22  cw 


37  a 
32  b 
23  c 


SITE  PREPARATION 

CONTROL    27  cdwx    31  abw     26  bx      27  bcwx  28  c 

SCALP      24  dxy     29  bwx     21  cy      25  cxy  25  d 

BED        30  bcx     35  aw      33  awx     31  abwx  32  b 

HARROW     36  aw 35  aw 35  aw 29  abcx  34  a 


SOIL  AVE   30  xy 


32  wx 


29  y 


2S  y 


♦  Values  bearing  different  letters  are  statistically 
different.   Use  a,  b,  c,  and  d  to  compare  column-wise; 
w,  X,  and  y  to  compare  row-wise. 
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FIG.  I.  VOLUME  TREND  OF  PLANTED  SLASH 
PINE  RECEIVING  HARROW  TREATMENT 
ON  AN    ORSINO    SOIL. 


6X6 

3eCCROS/AC 


6X12 

43  CORDS /AC 


9     6     7     8      9     10     II 
DIAMETER   CLASS 
FIG.  2.   VOLUME    DSTRIBUTION    BY    DIA- 
METER   CLASSES    OF  2S-YEAR-OLO 
PLANTED    SLASH     PINE    ON    ORSINO 
SOIL    RECEIVING   A    HARROW    TREAT- 
MENT. 


At  age  14,  response  to  the  harrow 
treatment  in  the  6x6  spacing  was  6  cords 
per  acre  (Table  7).   At  age  25,  such  res- 
ponse completely  disappeared.   In  the 
6  X  12  spacing,  response  started  with  13 
cords  at  age  14,  climbed  to  15  cords  at 
age  20,  and  went  back  down  to  10  cords  at 
age  25.   This  is  a  clear  indication  that 
the  trees  in  the  6  x  12  plots  had  started 
to-  succumb  to  crowding  shortly  after  age 
20  on  this  Orsino  soil.   In  the  12  x  12 
spacing,  responses  to  the  harrow  treatment 
were  11,  16,  and  17  cords/acre  at  age  14, 
20,  and  25  respectively.   Availability  o-f 
growing  space  apparently  had  continued  to 
stimulate  volume  growth  response  to  the 
harrow  treatment  through  age  25. 


Table  7.  The  e-ffects  o-f  spacing  on  the 
volume  response  of  slash  pine  planted 
on  an  Orsino  soil  at  different  ages. 


SITE 

mmmm 

AGE 

MEASURED 

__^ 

SPACING 

PREPARATION 

H 

20 

25 

■  cords/acre  ■ 

*.» 

6x6 

CONTROL 

12 

32 

38 

HARROW 

18 

33 

38 

6  X  12 

CONTROL 

12 

21 

33 

HARROW 

25 

36 

43 

12  X  12 

CONTROL 

3 

10 

15 

, 

HARROW 

14 

26 

32 

The  effects  of  spacing  on  survival 
are  shown  on  Table  8.   At  age  4,  survival 
percentages  were  88,  90,  and  89  for  the 
6x6,  6  X  12,  and  12  x  12  spacings,  res- 
pectively.  However,  survival  rate  is  a 
misleading  parameter  for  analysis  particu- 
larly when  initial  stockings  arB   dissimi- 
lar. In  this  case,  dead  trees  at  age  25 
were  145,  60,  and  33  trees/acre  for  the 
6x6,  6  X  12,  and  12  x  12  spacings,  res- 
pectively, despite  the  fact  that  the  sur — 
vival  percentages  were  nearly  identical. 

Survival  in  the  6x6  spacing  de- 
clined to  727.   by  age  20  and  remained  the 
same  through  age  25,  reflecting  a  total 
mortality  of  339  trees/acre.   In  the 
6  X  12  spacing,  817.  of  the  planted  trees 
survived  and  115  trees/acre  were  in  the 
mortality  column.   Only  54  out  of  the 
initial  300  trees/acre  died  by  age  25  in 
the  12  X  12  spacing. 


83 


Table  8.  Survival  rates  of  planted  slash 
pine  at  di-F-ferent  spacings  and  ages. 


AGE  MEASURED 



TREES/AC. 

SPACING 

4     10     20 

25 

LIVE  DEAD 

, 

6x6 

S8  a*  87  a   72  b 

72 

b 

871   339 

6  X  12 

90  a   87  a   84  a 

81 

a 

490   115 

12  X  12 

89  a   84  b   82  a 

82 

a 

246    54 

«  Values  for  each  age  with  unlike  letters 
are  statistically  different  at  .05  level 


Both  the  bed  and  har 
showed  favorably  signific 
survival  at  age  4  (Table 
4th  to  10th  year  period, 
trees  died  in  the  bedded 
plots  while  the  survival 
control  plot  remained  the 
25,  the  control,  bed,  and 
ments  were  all  virtually 
number  of  surviving  trees 


row  treatments 
ant  effects  on 
9) .   During  the 
however,  more 
and  harrowed 
percentage  in  the 
same.   By  age 
harrow  treat- 
even  in  terms  of 


Table  9.   Survival  rates  of  planted  slash 
pine  receiving  various  site  preparation 
treatments 




-  AGE  MEASURED 



TREES/ AC. 

TREATMENT 

4 

10     20 

25 

LIVE  DEAD 

. 

CONTROL 

86 

b*  86  b   80  a 

79 

a 

557   148 

SCALP 

84 

b   80  c   74  b 

74 

b 

522   183 

BED 

93 

a   90  a   82  a 

80 

a 

564   141 

HARROW 

90 

a   88  b   82  a 

80 

a 

564   141 

*  Values  in  each  column  bearing  different 
letters  are  significantly  different  at 
. 05  1 evel . 


As  noted  earlier,  the  scalp  treat- 
ment accounted  for  the  worst,  in  some 
cases  negative,  response  in  height  and 
volume.   In  terms  of  survival,  the  scalp 
treatment  also  accounted  for  the  lowest 
rate  from  age  4  through  25. 


CONCLUSIONS 


Between  bedding  and  harrowing,  the 
latter  proved  to  be  more  effective  than 
the  former,  even  on  the  poorly  drained 
Mascotte  and  somewhat  poorly  drained  Leon, 
both  of  which  could  have  benefited  more 
from  bedding.   This  is  probably  because 
the  beds  constructed  in  1957  were  not  of 
the  same  intensity  and  quality  as  today's 
beds  which  have  been  constructed  using 
more  modern  equipment. 

It  had  been  reported  in  literature 
that  response  to  bedding  may  disappear 
after  age  10  (Haines  and  others  1975; 
Outcalf  1984).   One  such  report,  however, 
which  did  not  include  a  control  treatment 
to  measure  response,  compared  bedding  and 
disking,  which  is  tantamount  to  comparing 
bedding  and  harrowing  in  this  study.   As 
has  been  mentioned  earlier,  harrowing  was 
a  superior  treatment  to  bedding  but  it 
must  be  noted,  however,  that  the  bedding 
treatment  was  significantly  better  than 
the  control,  an  indication  that  if  cons- 
tructed properly  on  the  right  site,  bed- 
ing  can  be  an  effective  tool  for  slash 
pine  plantation  establishment. 

This  study  also  showed  that  spacing 
had  a  significant  influence  on  the  amount 
of  response  to  site  preparation  and  that 
control  of  plantation  density  can  be  a 
highly  critical  factor  in  the  production 
of  quality  timber  products. 
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EFFECTS  OF  SUBSOILING  AND  DISCING  ON  THE  PERFORMANCE  OF 
LOBLOLLY  PINE  GROWING  FOR  THREE  SEASONS  ON  THE  PIEDMONtI./ 


I  J.  A.  Burger,  J.  L.  Torhert,  and  D.  0.  Lantagn 


2/ 


Abstract. — The  effect  of  discing  and  subsoiling  on 
loblolly  pine  were  evaluated  after  three  growing  seasons. 
Four  low,  medium,  and  high  quality  sites  were  included  in 
this  study  in  the  Piedmont  of  South  Carolina  and  Georgia. 
Discing  and  subsoiling  treatments  were  imposed"  individually 
and  together  on  areas  that  were  KG  bladed  and  raked.  Discing 
clearly  resulted  in  significant  increases  In  tree  heights  and 
diameters  whereas  the  effects  of  subsoiling  were  more  subtle. 


—  Paper  presented  at  Southern  Silvicultural  Research 
Conference,  Atlanta,  Georgia,  November  7-8,  1984. 

2/ 

—  Assistant  Professor  and  Research  Assistant,  respec- 
tively. Department  of  Forestry,  Virginia  Polytechnic  Institute 
and  State  University,  Blacksburg,  VA  24061,  and  Assistant 
Professor,  Michigan  State  University,  E.  Lansing,  MI  48824-1222, 


85 


ri 


YIELDS,  STAND  STRUCTURE  AND  ECONOMIC  CONCLUSIONS  FROM  A  22-YEAR-OLD  SITE  PREPARATION  STUDY 

WITH  PLANTED  LOBLOLLY  AND  LONGLEAF  PINESi./ 

2/ 
Barry  L.  Beers  and  Robert  L.  Bailey- 


Abstract. — In  October  1960,  a  site  preparation  study  was 
planted  with  726  trees  per  acre  to  loblolly  and  longleaf  pine 
on  loblolly  site  index  65  (base  age  25)  land  in  Polk  County, 
Georgia.   Data  from  nine  replications  of  each  species 
established  following  each  of  four  site  preparation  methods 
indicates  that  age-22  yields  (inside  bark  to  a  2-inch  top) 
are  significantly  less  for  longleaf  (1,203  cu  ft/ac)  than  for 
loblolly  (3,094  cu  ft/ac).   Analyses  of  site  preparation 
effects  were  restricted  to  loblolly.   Across  the  four  site 
preparation  treatments,  (1)  shear  and  pile,  (2)  disk,  (3) 
bed,  and  (4)  subsoil  and  bed,  loblolly  survival  was  excellent 
and  ranged  from  81.8  to  88.5  percent.   Dominant  height 
averaged  from  52.4  to  51.1  feet  across  treatments.  Volume 
yield  for  the  subsoil  and  bed  treatment  (3,352  cu  ft/ac)  was 
significantly  greater  than  for  bed  (3,064  cu  ft/ac),  shear 
and  pile  (2,999  cu  ft/ac)  and  disk  (2,962  cu  ft/ac).   An  eco- 
nomic analysis  based  on  these  yields  indicates  that  none  of 
the  other  three  treatments  applied  after  shearing  are  likely 
to  be  cost  effective. 


—  Paper  presented  at  Southern  Silvicultural  Research 
Conference,  Atlanta,  Georiga,  November  7-8,  1984. 

2/ 

—  Manager  of  Data  Processing,  F  and  W  Forestry 

Services,  Albany,  GA,  and  Associate  Professor,  University  of 
Georgia,  Athens,  GA. 
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PINE  AND  HARDWOOD  REGENERATION  ALTERNATIVES 
FOR  HARVESTED  BOTTOMLAND  HARDWOOD  STANDS"^ 


Charles  A.  Gresham' 


II 


Abstract. — A  400ac  tract  of  bottomland  hardwoods  in  the 
Santee  River  swamp.  South  Carolina,  was  harvested  and  rough- 
ly half  of  the  area  allowed  to  regenerate  naturally.   The 
other  half  was  sheared,  bedded  and  planted  with  loblolly 
pine  tublings. 

Stocking  inventories  before  and  three  growing  seasons 
after  harvest  indicated  that  natural  hardwood  regeneration 
was  dominated  by  sugarberry.   Loblolly  pine  survival  was  high 
(78%)  and  height  and  caliper  at  three  years  was  good. 


INTRODUCTION 

ottomland  hardwood  stands  are  naturally 
tive  for  several  reasons.   The  soils  of 
areas  are  generally  alluvial  and  hence  rich 
mironutrients.   The  clay  to  clay  loam  soils 
'8  ligh  cation  exchange  capacities  which  further 
:ri.ses  site  productivity.   Annual  flooding  de- 
!i  i  more  alluvium  on  the  area  which  provides 
lUi  fertilization.   Finally  the  vegetation 
^rarely  experience  severe  drought  during  the 
iw'ig  season  because  of  the  low  topography, 
lUn  spring  flooding  and  high  water  holding 
laiity  of  the  soil. 

.andowners  in  South  Carolina  who  wish  to 
la;;  bottomland  stands  generally  harvest  the 
rcl'.ntable  timber,  then  let  the  area  regenerate 
;uilly.   This  has  the  advantage  of  being  eco- 
li^il  in  that  the  harvest  produces  an  income 
1  jle  regeneration  does  not  require  capital  in- 
Jtimt,   Sprouts  will  grow  from  stumps  created 
rit;  harvest,  and  seed  is  blown  or  washed  into 
i  cfea.   Although  economical,  this  method  does 
:  .'How  the  landowner  to  control  the  timing  of 
jeiration,  nor  the  species  composition  and 
5t  bution  of  the  resulting  stand.   The  unstable 
:u :  of  the  market  for  hardwood  timber  further 
Dp  cates  management,  because  the  species  that 
i  iluable  at  the  time  of  regeneration  might  not 
S(|valuable  at  the  time  of  harvest.   The  market 
r  (Tdwood  pulpwood  is  weak  at  best. 


r  Paper  presented  at  Southern  Silvicultural 
serch  Conference,  Atlanta,  Georgia,  November 
8,|984. 

"  Assistant  Professor  of  Forestry,  Belle  W. 
ruh  Forest  Science  Institute  of  Clemson  Uni- 
rsty,  P.  0.  Box  596  Georgetown,  SC  29442. 


An  alternative  to  managing  bottomland  hard- 
wood stands  for  some  mixture  of  hardwood  is  to 
prepare  the  site  and  plant  loblolly  pine.   The 
first  and  major  disadvantage  to  this  alternative 
is  the  initial  early  cost  of  clearing  the  logging 
residue  and  preparing  planting  microsites  for  the 
pine.   Advantages  of  site  conversion  include 
producing  a  product  for  a  stable  market  and 
realizing  an  earlier  return  on  the  investment  by 
a  thinning  or  early  final  harvest.   The  demand 
for  pine  pulpwood  is  reasonably  stable  and  the 
landowner  can  be  assured  of  a  market  for  his  tim- 
ber.  Pines  are  fast  growing  pioneer  species  that 
take  advantage  of  the  inherent  productivity  of  a 
bottomland  site.   Thus  a  commercial  thinning  at 
an  early  age  will  start  the  cash  flow  much  sooner 
than  could  be  realized  in  hardwood  management. 

The  purpose  of  this  report  is  to  present  the 
results  of  a  case  study  comparing  natural  hardwood 
regeneration  and  pine  plantation  establishment. 
Although  this  report  deals  with  a  case  study,  the 
results  provide  an  indication  of  how  similar  stands 
in  other  regions  can  be  managed. 
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STUDY  AREA 

The  study  was  located  in  the  upper  section 
of  the  Santee  River  Swamp,  just  downstream  from 
the  Lake  Marion  dam  in  Clarendon  County,  South 
Carolina.   A  AOOac  tract  of  the  upper  terrace  of 
the  swamp  was  identified  and  divided  into  two 
roughly  equal  sections.   The  area  had  been  se- 
lectively logged  from  1930  to  1950,  and  since 
then  had  not  received  any  management.   The  soil 
throughout  the  swamp  was  a  Tawcaw  silty  clay  loam, 
a  deep,  somewhat  poorly  drained  soil  formed  in 
alluvial  sediment.   The  site  floods  annually  iq. 
the  spring  for  a  week  or  two.   Just  prior  to  the 
study  the  entire  tract  was  cruised  and  marked  for 
patch  clearcutting.   Approximately  lOOac  were 
marked  for  harvest  in  each  section. 


METHODS 

A  preharvest  inventory  of  the  portions  of 
the  tract  marked  for  harvest  was  conducted  with 
25  randomly  located  sampling  points.   Around  each 
point,  a  set  of  concentric  circular  plots  were 
located  and  tallied  according  to  the  following 
design.   Small  regeneration,  defined  as  woody 
stems  less  than  3  ft  tall,  were  tallied  by  spe- 
cies in  four  10.8  ft^  quadrats  located  sixteen 
feet  in  each  of  the  cardinal  directions  from  plot 
center.   Stems  taller  than  3  feet  and  less  than 
one  inch  DBH,  called  medium  regeneration,  were 
tallied  by  species  in  a  circular  plot  of  radius 
8.2  ft.   Large  regeneration,  stems  between  one 
and  five  inches  DBH  were  tallied  by  species  with- 
in 16.4  ft  of  plot  center.   Stems  5  to  13.7 
inches  DBH  within  33  ft  of  plot  center  were  re- 
corded as  pulpwood  by  noting  species  and  DBH. 
Trees  larger  than  13.7in.  in  DBH  were  considered 
sawtimber  with  DBH  and  species  recorded  for  such 
stems  within  one  chain  of  plot  center. 

A  composite  soil  sample,  to  a  depth  of  12 
inches,  was  taken  at  each  sampling  point  and  four 
pictures  were  taken  of  each  plot. 

Both  sections  of  the  tract  were  logged  by 
chainsaw  felling  and  topping,  skidding  and  load- 
ing at  a  deck.   Residuals  were  not  felled. 
Section  A  was  harvested  in  the  summer  and  fall  of 
1979  while  section  B  was  harvested  in  the  winter 
and  spring  of  1980.   Section  A  received  no 
further  treatment  following  logging,  while  section 
B  was  cleared  by  rocjtraking  and  the  debris  piled 
around  the  edges  of  the  clearing  and  in  a  few 
interior  windrows.   Following  rootraking,  this 
area  was  bedded  and  planted  with  containerized 
loblolly  pine  (Pinus  taeda  1.)  at  a  spacing  of 
6  X  8  ft  during  April  1981. 

Post  harvest  procedure  consisted  of  re- 
inventorying  section  A  with  more  intense  methods 
than  were  used  in  the  preharvest  inventory,  and 
establishing  and  periodically  tallying  plots  in 
the  planted  area. 

Section  A  was  reinventoried  after  the  third 
growing  season  with  43  clusters  each  of  which  was 
four  contiguous  plots  with  an  area  of  76  ft^. 
All  woody  stems  greater  than  3  ft  tall  were 


tallied  by  species  in  the  plots  and  all  stemsulli 
than  3  ft  tall  were  tallied  in  a  10.8  ft^  subjiij 
within  each  plot.  ! 

Six  plots,  each  three  rows  wide  by  appro:-] 
imately  33  planting  spaces  long  were  establish' 
in  the  pine  planted  area,  and  all  three  rows  ' ; 
tallied  to  determine  survival.  Seedling  heigi : 
and  caliper  data  were  taken  on  25  seedlings 
located  in  the  middle  row.  Survival  and  grow  i 
data  were  taken  annually  for  three  years  foil,  j 
ing  planting.  The  occurrence  of  browsing,  ti; 
moth  damage,  flooding  and  degree  of  competitiui 
were  also  noted. 


PREHARVEST  INVENTORY 


H 


Sweetgum  (Liquidambar  styracif lua) ,  suga  ■ 
berry  (Celtis  laevigata) ,  ash  (Fraxnus  spp) , 
laurel  oak  (Quercus  laurifolia)  and  water  oak 
(^.  nigra)  accounted  for  72%  of  the  140  ft^  o 
preharvest  basal  area  (table  1.).   The  approx 
imately  equal  division  of  the  basal  area  in  t  ( 
two  size  classes  reflects  the  previous  cuttin 
which  left  a  few  larger  unmerchantable  trees  r 
caused  multi-stemmed  growth  of  the  remaining 
smaller  trees.   The  under story  was  composed  o 
sugarberry  seedlings  with  few  larger  stems  of 
other  species  present  (table  2) . 


HARDWOOD  NATURAL  REGENERATION  RESULTS 
THREE  GROWING  SEASONS  AFTER  HARVEST 

The  hardwood  regeneration  in  the  seedllr ; 
size  class  was  dominated  by  sugarberry  with  £ i 
estimated  2,753  stems  per  acre  (table  3).  Tl . 
accounted  for  62%  of  the  seedling  regeneratic  iJ 
Other  species  present  in  the  seedling  size  cl  i! 
include  green  ash,  red  maple  (Acer  rub  rum)  ar  li 
sweetgum.   Sapling  regeneration  was  estimatec 
2,867  stems  per  acre  also  dominated  by  sugarl: !; 
Green  ash,  red  maple,  sweetgum,  and  cottonwoc  1 
were  also  present  in  the  sapling  size  class, 
highly  desirable  species,  the  oaks  and  hickon 
were  not  very  abundant  in  the  seedling  nor 
Sapling  size  classes. 

The  origin  of  the  regeneration  was  dif f( ' 
between  the  seedling  size  class  and  saplings  l 
that  the  seedling  sized  stems  were  mostly  of  j' 
origins,  with  very  few  sprouts,  whereas  the  i'-' 
in  the  sapling  size  class  were  mostly  of  spn  J^ 
origin. 

The  spatial  distribution  of  the  regenen: 
was  poor.  Sixty  one  percent  of  the  172  suboJ ' 
tallied  did  not  contain  a  seedling  (table  4) 
Distribution  of  saplings  was  not  much  better  * 
31  and  86  percent  of  the  plots  inventoried  b(  i 
void  of  samll  and  large  saplings  respectivel; 
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Table  1. — Pre-harvest  basal  area  by  species  and  DBH  class. 


Species 


DBH  class 


5  to  13.9  in 


13.9  in 


Both  classes 


Sweet gum  (Liquidambar  styracif lua) 
Sugarberry  (Celtis  laevigata) 
Ash  (Fraxinus  spp) 
Laurel  oak  (Quercus  laurifolia) 
Water  oak  {Q^.    nigra) 
Swamp  chestnut  oak  (Q.  michauxii) 
Cottonwood  (Poplus  spp) 
Red  oak  (^.  falcata) 
Red  maple  (Acer  rub rum) 
Elm  (Ulmus  americana) 
Water  hickory  (Carya  aquatica) 
^) 

3P€   ■  ^^ 

Total 


Cypress  (Taxodium  spp) 
Undesirable  species^ 


17.8 

9.7 

17.9 

7.5 

11.6 

6.9 

0.8 

14.2 

2.2 

11.5 

0.7 

6.0 

0 

6.3 

2.1 

3.9 

5.2 

1.0 

0.7 

4.4 

0.3 

1.9 

0 

0.4 

4.4 

2.4 

63.6(6. 

0)^ 

75.9(7.1) 

27. 4I 
25.4 
18.5 
15.0 


13.7 
6.7 
6.3 
6.1 
6.2 
5.1 
2.2 
0.4 
6.8 
139.6(8.0) 


J^/Basal  areas  may  not  add  to  indicated  total  due  to  rounding. 

2^/Undersirable  species  include  Overcup  oak  (Q.    lyrata) ,  American  holly  (Ilex  opaca)  and 

American  hornbeam  (Carplnus  carolinia) . 
3/Standard  error  of  total. 


Table  2. — Pre-harvest  regeneration  stocking  by  species  and  size  class. 


Size  Class 


Species 


Sugarberry 

Sweetgum 

Ash 

American  elm 

Red  maple 

Red  oak 

Tupelo  (Nyssa  spp) 

Undesirable  species^ 

Total 


Seedlings 

(less  than 
3  ft  tall) 


3288 
84 
84 

0 

0 

0 

0    2 
1686(523)'^. 

5143(1215)- 


Saplings 


(less  than 
1  in  DBH) 


-stems/ac- 


52 

0 

0 

17 

0 

0 

0 

635(173) 

704(178) 


(1-5  in  DBH) 


60 

34 

0 

26 

17 

9 

4 

330(88) 

480(102) 


1/Undesirable  species  include  holly  (Uex  sb£.  ) ."American  hornbeam  and  dogwood 

(Cornus  spp. ) . 
2^/Total  and  standard  error. 
3/Columns  may  not  add  to  indicated  total  due  to  rounding. 
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Table  3. — Reproduction  by  spacing  and  size  three  growing  seasons  after  harvest  on  section  A. 


Species 


Seedlings 

(less  than 
3  ft  tall) 


Saplings 


(3  ft  tall 
to  1  in  DBH) 


(1-5  in  DBH) 


Sugarberry 
Ash 

Red  maple 
Sweet gum 
Cottonwood 
Cypress 
Water  hickory 
American  elm 
Water  oak 
Red  oak 

Swamp  chestnut  oak 
Persimmon 
Tupelo 

Undesirable  species 
Total 


2,753 

424 

235 

212 

94 

47 

47 

24 

24 

24 

0 

0 

0   2 
565(171) 

4,447(537)3 


-stems/ac- 


835 

228 

313 

199 

160 

6 

117 

64 

79 

9 

3 

79 

0 

544(77) 

2,639(186) 


44 

26 

26 

56 

3 

0 

0 

20 


0 

3 
44(15) 
228(65) 


• 


J^/Includes  American  holly  (Ilex  opaca) ,  American  hornbeam,  black  willow  (Salix  nigra  and  Vaccinium) . 

2^/Total  and  standard  error. 

_3/Columns  may  not  add  to  indicated  total  due  to  rounding. 


Table  4. — Reproduction  stocking  by  size  class  three  growing  seasons  after  harvest  on  section  A. 


Size 

class 

Seedlings 

Saplings 

Desirable  species 
stocking  level 

3  ft  tall 
to  1  in  DBH) 

1-5  in  DBH 

Stems/plot 
0 

I  to  5 
6  to  10 

II  plus 

61 

36 

3 

0 

31 

46 

9 

14 

86 

13 

0 

1 

PINE  PLANTATION  ESTABLISHMENT  RESULTS 

Survival  and  growth  of  the  planted  loblolly 
pine  was  good.   After  three  growing  seasons  the 
average  survival  was  76%  of  original  planting, 
which  at  a  6  X  8  ft  spacing  is  690  trees  per  acre. 
The  survival  percent  has  remained  essentially  un- 
changed since  the  beginning  of  the  second  growing 
season  (figure  1).   Average  seedling  height  at 
the  end  of  the  third  growing  season  was  5.7  ft 
with  a  maximum  height  of  12  ft.   Average  caliper 
was  1.1  in  with  a  maximum  caliper  of  2.6  in. 

Seedling  survival  and  growth  overcame  brows- 
ing by  deer,  loss  of  terminal  shoots  by  tip  moth, 
competition  from  herbaceous  vegetation  and  annual 


flooding.  Browsing  by  deer  was  heavy  during 
first  winter  with  40%  of  the  inventoried  seeoi': 
exhibiting  browsing  of  one  or  more  terminal  £li 
During  the  second  winter  the  browsing  was  lii'i 
with  only  14%  of  the  seedlings  showing  brows€J 
damage,  and  by  the  third  growing  season  the 
terminal  shoots  of  the  seedlings  had  grown  al ) 
the  browse  line. 

Tip  moth  (Rhyacionia  spp.)  damage  was  n( : 
on  one  or  more  terminal  shoots  of  66%  of  the  ' 
lings  inventoried  after  the  second  growing  s( ' 
This  was  the  only  time  that  tip  moth  damage  H 
significant. 
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Figure  1.   Pine  seedling  survival,  height  and  caliper  averaged  over  six  plots  in  section  B  for 
three  growing  seasons  since  planting  in  April  1981. 


.Competing  vegetation  quickly  invaded  the 
.eiied  area  and  at  the  end  of  the  first  growing 
!a:'n  there  was  a  cover  of  horseweed,  blackberry, 
iki'eed  and  other  herbaceous  species.   The 
.ai  ed  pine  was  able  to  grow  through  the 
rtceous  canopy  during  the  third  growing  season. 

The  study  site  flooded  annually  during  the 
in  the  months  of  March  and  April  when  the 
seiiings  were  still  dormant.   Observations  of 
leirea  and  examination  of  the  river  level 
iCt'ds  at  the  dam  indicated  that  the  flooding 
isjor  only  a  week  or  two  and  that  water  depth 
:  ie   study  site  was  not  great. 


MANAGEMENT  ALTERNATIVES 

jExamination  of  the  two  management  alterna- 
i-Vit  and  the  results  after  three  growing  seasons 
id  ate  that  clearcutting  without  any  post 
ir-.st  treatment  will  produce  a  stand  of  light 
^end  hardwood  species  with  uneven  spatial 
ibution.   The  future  canopy  species  of  the 
studied  will  be  sugarberry,  ash,  maple  and 


sweetgum.  Oak  seedlings  (estimated  at  A8  stems 
per  acre)  could  survive  below  the  closed  early 
canopy  and  contribute  to  the  canopy  of  the  mature 
stand.   However  the  moderately  intolerant  to 
intolerant  nature  of  the  oaks  may  prevent  the 
stems  from  surviving  to  enter  the  canopy.   The 
91  sapling  oak  stems  less  than  one  inch  DBH  may 
survive  and  increase  the  value  of  the  stand,  but 
will  the  oak  stocking  at  rotation  be  acceptable? 

A  better  hardwood  stand  probably  results 
when  the  logging  residue  and  unharvested 
residuals  are  felled,  chopped  and  burned.   This 
enables  all  species  to  start  at  the  same  height 
and  eliminates  the  physical  support  that  allows 
vines  to  completely  shade  the  ground.   Such 
minimal  post  harvest  treatment  not  only  increases 
the  uniformity  of  size  of  regeneration,  but  also 
decreases  the  patchy  distribution  of  the  re- 
generation. 

Establishing  loblolly  pine  on  the  upper 
terrace  of  the  swamp  was  successful.   Average 
survival  after  three  growing  seasons  was  76%  of 
initial  planting  density,  which  may  be  considered 
a  little  low,  but  still  produced  a  stand  of 
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satisfactory  stocking.   Whatever  the  loss  due  to 
relatively  low  stocking  was  more  than  compensated 
by  the  excellent  height  and  caliper  growth.   The 
5.7  ft  average  height  and  I.l  in  average  caliper 
reflects  the  high  quality  of  the  site  and  its 
productivity.   This  is  further  indicated  by  the 
size  of  the  largest  of  150  pine  seedlings  measured 
which  was  12  ft  tall  and  2.6  in  at  ground  line. 
These  growth  figures  are  in  spite  of  deer  browse 
and  tip  moth  damage  that  killed  many  terminal  buds. 
Furthermore,  the  effects  of  competing  vegetation 
and  flooding  could  hardly  have  been  beneficial  to 
pine  seedling  growth:  therefore,   in  the  absence 
of  these  factors,  one  could  reasonably  expect  more 
and  larger  seedlings  after  three  growing  seasons. 
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LOBLOLLY  PINE  REGENERATION 
AND  OVERSTORY  DENSITY^ 
Boris  Zeide^ 


Abstract. — On  a  24-year-old  loblolly  pine  plantation  a 
seedling  is  affected  by  the  trees  situated  within  a 
distance  equal  to  25  times  their  diameter.  Reliable 
regeneration  can  be  obtained  if  the  number  of  these  trees 
does  not  exceed  five,  a  quantity  which  corresponds  to  a 
basal  area  of  85  square  feet  per  acre.  These  results  were 
achieved  by  the  point  sampling  of  canopy  trees  performed 
from  a  seedling  position  using  successive  basal  area 
factors. 


INTRODUCTION 

What  is  the  minimum  size  of  a  forest 
ipt'ing  sufficient  to  secure  reliable 
ej'neration  of  loblolly  pine  (Plnus  taeda  L.)? 
rhi'  is  the  maximum  canopy  density  which  will 
)bi.in  the  same  end?  These  questions,  with 
;hi,r  many  theoretical  and  practical 
.mjications,  have  attracted  much  research, 
iliough  the  questions  are  often  discussed 
sejrately,  they  may  be  considered  as  two 
isjcts  of  the  same  problem  because  density  is 
;liely  related  to  the  number  and  size  of 
jptJings  per  unit  area. 


Regarding  the  question  of  forest  opening 
,  the  search  has  been  focused  on  the  minimum 
because  it  maximizes  the  amount  of 
lable  seeds,  minimizes  the  loss  of  canopy 
tr<  growth  and  encroachment  of  undesirable 
/ejtation.  Based  on  their  observations  of 
Lololly  pine  in  Duke  Forest  In  central  North 
-ailina.  Tourney  and  Korstian  (19A7)  found  that 
in  )pening  size  of  about  one  acre  or  less  is 
re(  ired  to  secure  reproduction.  Wahlenberg 
(1!8),  working  with  same  species  at  Crossett, 
^rlnsas,  concluded  that  the  removal  of  a  single 
naire  tree,  which  created  an  opening  15  to  30 
fe(  wide,  was  sufficient  to  produce  reliable 
rejneration  providing  that  selective  cuts  are 
Bia(  about  every  5  years.  This  provision  is 
inted  crucial  because  Wahlenberg 's  data  show 
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Soilhern  Silvicultural  Research  Conference, 
Atinta,  Georgia,  November  7-8,  1984  by  Dr.  J. 
M.  uldin. 

j  Associate  Professor,  Department  of  Forest 
Rejiurces,  University  of  Arkansas  at  Monticello, 
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that  at  5  years  of  age  the  seedlings  from  larger 
openings  (0.1  acre  or  more)  had  eight  times 
greater  volume  than  those  from  the  single  tree 
openings.  Without  subsequent  thinning,  pine 
reproduction  can  be  obtained  by  the  group 
selection  method  when  clusters  of  two  or  more 
neighboring  trees  are  removed  (Wahlenberg  1960) . 

At  first  glance,  the  single-tree  selection 
method  seems  reasonable:  a  spot  sufficient  for 
a  mature  tree  should  be  adequate  for  a  small 
seedling  with  its  much  lower  requirements.  The 
problem  here  is  that  the  crown  of  the  mature 
tree,  being  lifted  to  the  canopy  level,  is 
exposed  to  full  sunlight  while  the  seedling, 
situated  near  the  forest  floor,  is  shaded  by  the 
remaining  overstory.  Thus,  the  problem  is 
whether  the  abundance  of  room  for  a  seedling 
compensates  for  the  deficiency  of  light. 
Numerous  observations  Indicate  that,  in  general, 
this  compensation  does  not  occur.  Only  the  most 
tolerant  species,  such  as  European  silver  fir 
(Abies  alba  Mill.),  can  be  perpetuated  by 
selection  of  a  single  tree  (Smith  1962).  The 
majority  of  species  require  larger  openings 
(Roach  and  Gingrich  1968,  Smith  1977,  Fischer 
1981),  the  size  of  which  depends  on  site, 
species,  and  especially  height  of  the 
surrounding  overstory. 

Another  approach  to  the  problem  of 
obtaining  reliable  regeneration  is  to  specify 
overstory  density,  not  the  size  of  the  openings. 
Seedlings  and  saplings,  even  of  intolerant 
species  such  as  loblolly  pine,  are  regularly 
found  growing  directly  under  canopy  trees 
(Reynolds  1959),  especially  when  there  is  plenty 
of  side  light.  The  problem  here  is  to  determine 
the  maximum  density  of  canopy  trees  which  will 
allow  regeneration  of  desirable  species. 
Although  any  practicing  forester  has  a  feeling 
of  this  threshold,  quantitative  information  is 
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rather  sparse  even  for  well-studied  species  such 
as  loblolly  pine.  In  a  comprehensive  monograph 
devoted  to  this  species,  Wahlenberg  (1960,  p. 
176)  indicated  that  "most  seedlings  come  in 
under  overwoods  of  225  or  less."  The  "225"  is 
the  stand  density  index  which  corresponds  to  a 
basal  area  of  123  square  feet  per  acre  when  the 
average  diameter  is  12  inches  (assuming  that  the 
slope  of  the  stand  density  index  line  is  equal 
to  -1.6)  and  to  144  square  feet  per  acre  when 
the  diameter  is  15  inches. 

According  to  Wahlenberg  (1960),  subsequent 
survival  of  the  newcomers  is  low  under  these 
extreme  densities  (four  years  on  the  average) . 
The  seedlings  have  better  chances  to  survive 
(life  expectancy  10-20  years)  when  overstory 
density  is  70-80  square  feet  per  acre.  My 
colleague  Dr.  B.  F.  McLemore ,  specialist  in  the 
management  of  loblolly  pine,  comes  up  with  a 
similar  estimate.  His  opinion  (personal 
communication)  is  that  loblolly  pine 
regeneration  can  persist  indefinitely  in  groups 
scattered  between  mature  trees  provided  that  the 
overall  density  of  canopy  trees  does  not  exceed 
75-80  square  feet  per  acre.  In  addition  to 
density,  the  species  composition  of  the  overstory 
is  also  important.  In  southeastern  Arkansas, 
for  example,  55%  of  loblolly  pine  seedlings 
survived  5  years  under  dense  canopy  (90%  cover) 
of  pure  pine,  and  none  under  hardwoods  of  the 
same  cover  (Wahlenberg  1960) . 

The  cited  figures,  however,  cannot  be 
applied  everywhere  because  the  critical  size  of 
openings  and  level  of  overstory  density  are 
likely  to  vary  with  area,  site,  overstory 
composition  and  homogeneity,  as  well  as  with 
other  factors.  Further  research  is  required 
to  specify  these  important  relationships  and  to 
clarify  methodological  problems.  This  article 
reports  the  effect  of  a  parent  canopy  on 
loblolly  pine  regeneration  which  was 
investigated  with  application  of  point  sampling. 


f^ATERIALS 

A  24-year-old  loblolly  pine  plantation, 
situated  in  southeastern  Arkansas,  four  miles 
southeast  from  the  University  of  Arkansas  at 
Monticello,  was  selected  for  this  study  because, 
as  a  single-species  plantation,  the  stand  was 
highly  uniform  with  respect  to  species,  age, 
site,  slope,  etc.  The  terrain  is  level  (0-3% 
slope)  and  the  soil  is  predominantly  Tippah  silt 
loam  and  some  eroded  Sacul  soils.  At  the  same 
time,  the  stand,  the  subject  of  a  thinning 
study,  was  extremely  diverse  with  respect  to 
both  studied  variables  (amount  of  regeneration 
and  overstory  density)  due  to  four  different 
levels  of  thinning  which  have  been  randomly 
applied  to  forty  0.1-acre  study  plots 
established  within  the  stand.  This  diversity 
was  further  enhanced  by  two  severe  ice  storms 
which  took  place  two  and  seven  years  prior  to 
our  measurements  performed  in  1981.   At  that 


time  basal  area  of  planted  trees  varied  (on 
0.1-acre  plots)  from  39.5  to  148.1  square  feet 
per  acre,  the  average  diameter  was  11.8  inches, 
and  the  average  height  62.6  feet. 

In  the  fall  of  1972  all  undergrowth  and  i(( 
regeneration  was  removed.   At  the  time  of  our  ' 
measurements  nine  years  later,  patches  of  pine 
regeneration,  highly  variable  in  density,  were 
present  throughout  the  plantation.   The  average 
age  of  regeneration  was  5-7  years. 


METHODS 

Survival   and   growth   of   a   seedling  is  ) 
affected  by  its  immediate  neighbors  dependinglj 
primarily  on  their  number,  distance,  and  size.-.i 
These  three  variables  can  be  combined  into  one)i 
measurement,  basal  area  of  trees  growing  in  a 
certain  vicinity  around   the  seedling.   Thisii 
local  density  is  more  important  for  the  seedlingll 
than  the  average  density  per  unit  area  derivedvi 
mostly  from  remote  trees  which  are  unrelated  to 
the  survival  of  a  given  seedling.   Therefore,  by 
providing  the  estimate  of  local  density,  pointijl 
sampling  performed  from  a  seedling  position  is 
appropriate,  both  technically  and  biologically,! 
for   predicting   regeneration   success   (Zeideli 
1985) .   Point  sampling  is  convenient  technically! 
because  it  is  an  efficient  method  for  estinatingi 
local  basal  area.   This  method  is  suitable'' 
biologically  because  it  selects  trees  according; 
to  their  number,  distance  from  the  sample  pointi 
(in  this  case  from  the  seedling)  ,  and  sizei 
(diameter,  closely  correlated  vjith  height  andi 
volume,  is  a  good  representative  of  size),  thati' 
is,  those  variables  which  determine  seedling 's,i 
success.   The  basal  area  factor  (BAF)  determines 
the   spatial  reach  of   sampling  which  is  of 
crucial  importance  foi  the  method. 

On  the  described  plantation  success  of 
regeneration  was  estimated  by  basal  area  of 
young  pines  which  was  determined  by  measuring 
diameters  of  seedlings  at  the  level  of  4.f 
inches  from  the  ground  on  small  circular  plotJ 
(radius  5  feet).  Twenty  four  plots, 
representing  the  entire  range  of  regeneratioi 
density  (from  0  to  54  square  feet  per  acre); 
were  established  in  the  plantation.  Point 
sampling  of  canopy  trees  was  performed  from  th( 
center  of  each  plot.  At  each  point  th( 
overstory  basal  area  was  determined  for  twelvf 
basal  area  factors  —  from  4.36  to  52.27  (from  . 
to  12  in  metric).  This  was  done  by  measurinf 
the  distances  to  and  diameters  of  all  overstor} 
trees  which  could  be  counted  with  BAF  4.36  (1  ii 
metric) .  The  number  of  trees  countable  wltl 
other  BAF's  was  calculated  from  thes< 
measurements . 

When  BAF  increases,  both  the  number  o: 
sampled  canopy  trees  and  the  average  distance  ti 
them  decreases.  The  relationship  between  BA 
and  regeneration  density  is  more  complicated 
The  d<»crease  of  the  number,  associated  with 
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he  increase  of  BAF,  is  positively  correlated 
ith  the  regeneration  density,  v/hile  its 
orrelation  with  the  concomitant  decrease  of 
he  average  distance  is  negative.  As  a  result 
f  these  opposing  changes,  the  correlation 
etween  regeneration  density  and  BAF  first 
ncreases  with  the  increased  BAF,  reaches  a 
aximum,  and  decreases. 

The  trees  sampled  with  that  "peak  BAF"  are 
hose  which  significantly  affect  the  growth  and 
urvival  of  seedlings  around  point .  Comparing 
he  number  of  these  influential  trees  with  the 
egenerntion  density  makes  it  possible  to  find 
he  maximum  density  of  canopy  trees  compatible 
ith  a  reliable  regeneration  at  a  given  point, 
[his  maximum  can  be  detected  by  a  sharp  drop  of 
he  regeneration  density.  The  corrp.]ation 
oefficient  at  the  peak  BAF  (or  rather  its 
quare,  the  coefficient  of  determination)  shows 
he  proportion  of  the  variance  in  regeneration 
ensity  due  to  the  effect  of  overstory  and  can 
considered  as  a  measure  of  the  overstory 
nfluence  on  the  growth  and  survival  of 
eedlings. 


RESULTS  AND  DISCUSSION 

The  relationship  between  regeneration  and 
i/erstory  densities  is  shown  in  Figure  1.  The 
ide  scatter  of  points  can  be  explained  by  the 
act  that,  in  addition  to  the  effect  of 
jverstory,  regeneration  is  affected  by  other 
{actors,  such  as  the  amount  of  forest  floor 
iLtter,  predation,  diseases,  and  fire.  The 
I:atter  of  points  suggests  that  these  other 
ictors  are  responsible  for  poor  regeneration  on 
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gure  1. — Relation  between  regeneration  and 
overstory  densities. 


some  plots  when  the  number  of  overstory  trees 
counted  with  BAF  17.4  (4  in  metric)  is  less  than 
six  (basal  area  less  than  105  square  feet  per 
acre) . 

Correlation  between  regeneration  density 
and  basal  area  of  canopy  trees  reaches  its 
maximum  around  BAF  =  17.4  (Figure  2).  It  means 
that  in  this  case  the  trees  situated  around  a 
seedling  within  the  distance  equal  to  25  times 
their  diameters  exert  a  decisive  effect  on  the 
seedling.  This  effect  is  a  decisive  compared 
with  the  effect  of  the  trees  located  outside 
that  distance.  As  compared  with  other  factors 
affecting  regeneration  success,  the  effect  of 
overstory  is  modest:  the  variation  of  its 
density  explains  only  about  20%  of  the  total 
variation  of  the  regeneration  basal  area.  This 
proportion  is  likely  to  increase  with  the  age  of 
regeneration  because  the  effect  of  canopy  is 
more  consistent  and  less  random  than  that  of 
other  factors.  A  sharp  decline  in  regeneration 
takes  place  when  the  number  of  overstory  trees 
counted  with  the  peak  BAF  (=  17.4)  exceeds  six 
to  seven  trees  (Figure  1).  It  means  that  as  far 
as  the  overstory  density  is  concerned,  in  order 
to  obtain  reliable  regeneration  up  to  nine  years 
old,  the  stand  should  be  thinned  to  leave  four 
to  five  trees  countable  with  BAF  17.4  (70-87 
square  feet  per  acre) . 

The  actual  regeneration  is  usually  less 
than  that  possible  under  given  overstory 
conditions.  If  one  is  interested  solely  in  the 
effect  of  overstory,  it  might  be  appropriate  to 
use  only  a  portion  of  all  plots,  those  which  are 
least  affected  by  the  other  factors  and  have  a 
larger  density  of  reproduction.  These  plots  are 
represented  by  dots  situated  at  the  outer  edge  of 
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Figure   2. — Overstory   -   regeneration   density 
correlacinn  ^nd  distance  to  point-sampled 
tree;  as  a  function  of  basal  area  factor. 
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the  point  scatter  (Figure  1) .  The  division 
between  plots  with  better  (16  plots)  and  poorer 
(8  plots)  reproduction  was  made  using  judgement 
rather  than  calculations.  The  division  did  not 
affect  the  peak  BAF  which  in  both  cases  (for  all 
24  plots  and  for  16  of  them  with  better 
regeneration)  is  close  to  17.4  (Figure  2), 
although  the  correlation  between  basal  area  of 
regeneration  and  that  of  overstory  trees  is 
greater  for  plots  with  better  regeneration, 

Thepe  results  answer  both  opening  questions 
for  a  rather  typical  loblolly  pine  plantation  at 
the  stage  of  approaching  maturity.  The  answer 
concerning  the  minimum  of  a  forest  opening  is 
formulated  in  terms  of  the  size  of  and  distance 
to  the  Immediate  neighbors  decidedly  affecting 
seedling  growth  and  survival.  The  number  of 
these  neighbors  corresponding  to  the  sharp 
decrease  in  regeneration  density  answers  the 
second  question  dealing  with  the  maximum  canopy 
density. 
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COMPARISON  OF  THREE  METHODS  FOR  REGENERATING  HONEYSUCKLE-INFESTED 

OPENINGS  IN  UNEVEN-AGED  LOBLOLLY  PINE  STANDS  l! 

B.  F.  McLemore  ZJ 


Abstract. — Planting,  direct  seeding,  and  natural  seed- 
fall  were  used  to  regenerate  openings  in  an  uneven-aged 
loblolly  pine  (Pinus  taeda  L.)  stand  infested  with  Japanese 
honeysuckle  (Lonicera  japonica  Thunb.)  Site  preparation 
consisted  of  bushhogging.  Survival  of  planted  seedlings 
was  best,  at  69  percent,  after  2  years.  Seedlings  averaged 
1.9  ft  in  height  and  were  free-to-grow.  Only  22  percent  of 
the  direct-seeded  spots  were  successful.  These  seedlings 
averaged  only  0.6  ft  after  2  years  and  were  suppressed  by 
honeysuckle  regrowth.  Milacre  stocking  of  naturally 
regenerated  plots  averaged  22  percent.  These  seedlings 
also  averaged  0.6  ft  in  height  and  were  suppressed.  In  a 
supplemental  side  test  of  natural  regeneration,  disking  was 
used  to  reduce  the  honeysuckle.  After  2  years  this  resulted 
in  a  100  percent  milacre  stocking  with  4,600  seedlings  per 
acre  averaging  1 .9  ft  in  height. 


INTRODUCTION 

Natural  regeneration  is  commonly  employed  by 
iresters  in  managing  uneven-aged  loblolly  pine 
inus    taeda    L.)    stands.       For    a    variety    of 


lasons,  however,  it  is  sometimes  difficult,  if 
)t  impossible,  to  obtain  natural  regeneration 
)llowing  selection  cutting.  If  failures  in 
itural  regeneration  continue  over  extended 
iriods  of  time,  the  land  manager  must  turn  to 
tificial  means  of  regenerating  the  openings, 
lually  with  planting  or   direct   seeding. 

Campbell  and  Mann  (1973)  compared  different 
Jthods  of  regenerating  loblolly  pine  clear-cut 
:eas  in  Texas  and  Louisiana  over  an  8-year 
sriod.  They  concluded  that  planting  was  most 
iliable  and  that  direct  seeding  was  preferable 
I  natural    seeding. 

In   uneven-aged    loblolly    pine    stands,    a    sil- 
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viculturist  can  expect  natural  seedfall  to  be 
much  greater  than  in  a  clearcut  situation,  but 
site  preparation  in  an  uneven-aged  stand  is  much 
less  intensive,  resulting  in  a  less  thorough 
control  of  competing  vegetation.  On  areas 
infested  with  Japanese  honeysuckle  (Lonicera 
japonica  Thunb.),  establishment  of  natural 
regeneration  may  fail,  especially  if  there  is 
inadequate  site  preparation.  The  options  for  the 
silviculturist  then  become  artificial  regenera- 
tion  and/or   a  more   intensive  site   preparation. 

This  study  was  installed  to  compare 
planting,  direct  seeding,  and  natural  regenera- 
tion in  honeysuckle-infested  openings  of  an 
uneven-aged    loblolly   pine    stand. 


METHODS 

Study  Area 

The  study  was  installed  in  an  uneven-aged 
loblolly  pine  stand  on  the  Crossett  Experimental 
Forest  in  Ashley  County,  Arkansas.  Soil  on  the 
area  is  Bude  silt  loam,  a  member  of  the  fine- 
silty  family  of  Glossaquic  Fragiudalfs,  and  the 
topography  is  flat.  Site  index  for  loblolly  pine 
is  90  ft  at  age  50.  The  stand  consisted  of 
approximately  70  ft^  of  basal  area,  with  volumes 
of  1,900  ft^,  (6,000  board  feet  Doyle)  per  acre 
in  trees  with  at  least  a  4-inch  d.b.h.  Very 
little  pine  reproduction  or  hardwoods  were 
present.       Although    there    were    many  0.05-   to   0.1- 
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acre  openings  in  the  stand,  a  dense  growth  of 
Japanese  honeysuckle  appeared  to  be  preventing 
adequate  natural   regeneration. 

Treatment 

Ten  circular  openings,  ranging  from  about 
0.05  to  0.1  acre,  were  bushhogged  in  September  of 
1981.  Each  of  the  10  openings  (blocks)  was 
divided  into  3  essentially  equal  "pie-shaped" 
plots  by  lines  running  from  the  center  of  the 
circular  block  to  the  perimeter.  One  of  the 
following  techniques  was  used  to  regenerate  each 
of  the  three  plots:  (l)  hand  planting  of  1-0 
loblolly  pine  seedlings  (2)  direct  seeding  of 
stratified,  repellent-treated  seed  in  spots,  and 
(3)  reliance  on  natural  regeneration  from  sur- 
rounding overstory  trees.  Treatments  were 
randomly  assigned   to  plots   on   each   block. 

The  same  seed  source  was  used  for  the  seed- 
lings as  for  direct  seeding.  Seed  was  from  the 
Georgia-Pacific  seed  orchard  located  adjacent  to 
the  Crossett  Experimental  Forest.  Morphological 
grade  1  seedlings  (Wakeley  1954)  were  hand 
planted,  using  a  dibble,  in  December  1981,  at  a 
spacing  of  approximately  6-  by  6-ft.  Direct 
seeding  was  in  spots  prepared  with  a  hoe  at  a 
spacing  of  6-by  6-ft,  and  was  accomplished  in 
early  March  of  1 982.  Five  stratified,  repellent- 
treated  seed  were  placed  in  each  spot.  Seeds 
were  treated  with  the  standard  arasan-endrin- 
latex    coating   prescribed    by   Derr   and    Mann   (1971 ). 

All  planted  seedlings  and  direct-seeded  spots 
were  marked  with  wire  pins  to  facilitate  relo- 
cation and  to  distinguish  them  from  natural 
seedlings.  Different  numbers  of  seedlings  and 
seeded  spots  were  required  for  the  different 
sizes  of  openings,  but  the  same  number  of  seed- 
lings and  spots  were  used  for  each  individual 
block,  ranging  from  24  to  35  per  plot.  The  third 
plot  on  each  bushhogged  block  was  dependent  on 
natural  seedfall  for  regeneration.  Seed  traps 
were  used  to  monitor  seedfall  during  the  fall  and 
winter   of   1981-82. 

In  addition  to  the  10  bushhogged  openings,  2 
openings  were  disked  in  a  supplementary  side  test 
of  natural  regeneration.  No  planting  or  direct 
seeding  was  done  on  these  two  disked  openings; 
regeneration  was  completely  dependent  on  natural 
seedfall. 


Measurements 

A  100-percent  inventory  of  planted  seedlings 
and  direct-seeded  spots  was  conducted  at  the  end 
of  the  first  and  second  growing  seasons.  Heights 
of  seedlings  were  recorded  to  the  nearest  0.1  ft. 
For  the  direct-seeded  spots,  a  successful  spot 
consisted  of  one  or  more  seedlings,  but  only  the 
largest   seedling  on  each  spot   was   measured. 

Four  circular  milacre  plots,  located  at 
random,  were  used  to  evaluate  natural  regenera- 
tion  on   the   plots    assigned    this    treatment   within 


each  block  and  also  for  each  of  the  two  suppls . 
mental  disked  openings.  Number  of  seedlings  p*  r 
acre  and  percent  milacre  stocking  were  determinf i 
from    these    inventories. 

The  study  design  provided  for  a  statistic;  1: 
comparison  between  treatments,  but  a  subjective] 
evaluation  of  the  results  indicated  that  such  1  r 
analysis  would  be   meaningless. 


RESULTS 

Natural    seedfall    during    the    fall    and    wint 
of  1981-82,   as  determined  by  seed   traps,    rangui 
from    30,000    to    100,000    and    averaged   64,000    sou: 
seeds   per   acre.      This    moderate    seedfall    result^'' 
in    an    average    of    1  ,250    naturally    establish 
seedlings   per  acre   after   the   first  year,    but   le!i 
than   one-third   of   the   milacre   plots    were  stock 
with  at   least   one  seedling  (Table   1 ).      The  hei^  1 
of    these    seedlings    averaged    0.4    ft    after   0 . 
growing   season.      The   number   of   natural    seedlir ; 
per  acre  had  declined   to  675  after  two  growiij 
seasons,    with  only  a  22-percent   milacre  stocki;,i 
Seedling    heights    averaged    only   0.6    ft    after 
years.     Moreover,  a  dense  growth  of  honeysuck  I' 
reoccupied    the   plots    the    first   growing   seaacj! 
following    bushhogging    and    effectively    suppresssaj 
the    seedlings.       Hence,     dependence    on    natui.j 
regeneration  of  openings  where  Japanese  hone  yi 
suckle    has    been    bushhogged    appears    higH 
questionable.  ; 

Direct     seeding    trials     did     not    have    (if 
better   results   than   natural    regeneration.      Obs  ei 
vations    of    spots   soon  after   seeding   indica  ' 
heavy    losses    of   seed    to    birds    and/or    rodert 
Fragments   of   seed    coats    were    found   on  spots  1 1 
had    been    scraped    clean    for    site    preparation, 
is    known    that    birds    and    rodents    will    sam.)J 
repellent-treated    seed,    often    taking   a    sublet 
dose   before   rejecting  them.      In  the  present  a 
there  were  only  a   few   seeds   in  each  bushhog 
opening — a   maximum   of   175    (35   spots   with  5  se^* 
per  spot).    Even  with  only  a  few   being   sampl^, 
the    number   of   seed    was    substantially   reduc 
Consequently,    only  28   percent   of   the   seeded   sj  Js 
had  one  or  more   seedlings  at   the  end   of  the  fi'i: 
year  (Table  1  ).     These  seedlings  averaged  0.^  t 
in  height,    exactly  the  same  as  natural  seedli  ./■ 
The  percentage  of  spots   with  seedlings  had  I- 
clined     to     22    percent    after    2    years,     W'.p 
seedlings   averaging  0.6    ft    in  height.      Even  a;  it 

1  year,    however,    honeysuckle  had   reinvaded  t 
cleared    direct-seeded    spots    and    was    shading   (t 
the    seedlings. 

Survival  of  planted  seedlings  averaged  3 
percent  after  1  year  (Table  1 ).  Despite  h 
browsing  by  deer,  these  seedlings  averaged  1. 
in  height  and  were  almost  three  times  as  tal' 
natural  seedlings  or  those  resulting  from  di  't 
seeding.  Of  course,  honeysuckle  had  reinvaded  e 
area.      Survival    had    declined    to   69   percent   a ' r 

2  years,    but   was   deemed   acceptable.      In   spit  I'f 
continued    browsing    by    deer,     these    seedl:  ii;s 
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Table  1 .--Summary  of  seedling  data  after  one  and  two  growing  seasons 


Disked  Plots 


rr 


Bushogged  plots 


Seedling 
data 


Natural 
regeneration 


Natural        Direct         Planted 
regeneration   seeding seedlings 


First  Year 

Seedlings    (per  acre)  11,750 

Milacre   stocking    (percent)  100 

Success/survival    (percent) 

Height    (feet)  0.4 

Second  Year 

Seedlings    (per  acre)  4,125 

Milacre   stocking    (percent)  100 

Success/survival    (percent) 

Height   (feet)  1 .9 


1,250 

0.4 

675 
22 

0.6 


338 

28 

0.4 

266 

22 

0.6 


1065 

88 
1.1 

835 

69 

1.9 


j_/  Average  of  two  plots;   all  other  data  represent  an  average  of 
ten   plots. 


iveraged  1.9  ft  in  height  ,-fter  2  years,  and  the 
ops  of  most  wpT-o  o-K^ve  the  encroaching  honey- 
:uckle. 


In  the  supplemental  side  test  where  two 
openings  were  disked  and  no  planting  or  direct 
seeding  was  done,  control  of  the  honeysuckle  was 
still  effective  after  2  years.  At  the  end  of 
the  first  year,  there  was  an  average  of  1 1  ,750 
seedlings  per  acre,  with  100  percent  milacre 
stocking.  This  was  a  direct  result  of  an  enhanced 
seedbed  and   reduction  of  honeysuckle    competition. 

These    seedlings    averaged   0.4    ft    in   height the 

same  as  natural  seedlings  on  the  bushhogged 
plots.  After  2  years,  there  were  4,125  seedlings 
per  acre,  and  100  percent  of  the  milacres  were 
still  stocked.  Because  of  the  additional  site 
preparation  and  control  of  the  honeysuckle,  these 
seedlings  averaged  1.9  ft  in  height  after  2 
years,  the  same  height  as  planted  seedlings 
after  2   years. 


CONCLUSIONS 

The  key  to  successful  natural  regeneration 
of  openings  in  uneven-aged  loblolly  pine  stands 
infested  with  Japanese  honeysuckle  is  effective 
control  of  the  honeysuckle.  Bushhogging  is  not 
an  effective  means  of  controlling  honeysuckle 
since  its  profuse  growth  will  reinvade  the  area 
after  only  1  year.   Natural  regeneration  and 


direct  seeding  were  both  unsuccessful  on  bush- 
hogged  areas.  After  2  years,  planted  seedlings 
had  become  established  on  plots  that  had  been 
bushhogged  and  were  capable  of  competing  with 
the  honeysuckle.  Disking  controlled  the  honey- 
suckle on  two  plots,  permitting  natural  seedlings 
to  become  established.  The  larger  number  and 
greater  height  of  natural  seedlings  on  disked 
plots  compared  to  natural  seedlings  on  bushhogged 
plots  after  2  years  was  the  result  of  better 
seedbed  preparation  and  control  of  honeysuckle  by 
disking. 
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RESULTS  OF  A  QUESTIONNAIRE  ON  REGENERATION  OF 


PINE  SITES  IN  THE  SOUTHEAST- 


1/ 


2/ 


J.  A.  Burger,  R.  A.  Kluender,  and  R.  L.  Izla]^' 


Abstract.    A  questionnaire  was  sent  to  forest  managers 
of  APA-member  companies  to  determine  how  forest  regeneration 
prescriptions  are  made,  what  factors  affect  the  prescription 
process,  and  how  site  preparation  might  change  in  the  future. 
Based  on  the  results,  economic  and  legislative  constraints 
are  having  an  effect  on  regeneration  management,  but  the 
silvicultural  needs  of  forest  sites  are  still  fundamental  in 
making  regeneration  prescriptions.   An  increasing  amount  of 
mature  plantations  and  fewer  hardwood-to-pine  conversions 
will  require  less  intensive  site  preparation  in  the  future. 
The  availability  of  new  herbicides  and  the  high  cost  of 
mechanical  site  preparations  are  also  partly  responsible 
for  a  trend  toward  less  intensive  operations.   There  was 
little  indication  that  harvesting  and  regeneration  activities 
were  coordinated  to  maximize  regeneration  efficiency. 
Overall  better  communication  is  needed  between  procurement 
and  regeneration  personnel. 


INTRODDCTION 

Forest  managers  in  the  southeast  are 
coTmnitted  to  the  successful  regeneration  of 
pines.  During  the  past  twenty  years  most 
regeneration  on  industry  lands  has  been 
accomplished  by  planting  1-0  pine  seedlings 
after  clearcutting  and  site  preparation. 
Ideally,  site  preparation  would  be  prescribed 
based  primarily  on  silvicultural  needs;  however, 
regeneration  prescriptions  are  more  difficult  to 
plan  now  than  they  were  ten  years  ago.  Changes 
in  harvesting  methods,  management  objectives, 
limited  capital,  fuel  allocations,  restrictive 
legislation,  and  environmental  awareness  have 
created  problems  for  forest  managers  who  attempt 
to  balance  many  concerns  in  their  prescriptions. 


(1)  A  paper  presented  at  the  Third  Biennial 
Silvicultural  Conference,  November  7-8, 
1984,  Atlanta,  GA. 

(2)  Assistant  Professor,  Forestry  Department, 
Virginia  Polytechnic  Institute  and  State 
University,  Blacksburg,  VA;  Assistant 
Professor,  Forestry  Department,  University 
of  Arkansas  at  Monticello;  and  Executive 
Director,  Mississippi  Forestry  Association, 
Jackson,  MI. 


As  a   result,   the   forest  being   regenerated'" 
industry   lands   today   is   being   shaped 
economic,    legislative,    and   environmem ; 
concerns  as  well  as  the  silvicultural  needs  ( 
the  forest  site. 

The  questionnaire  was  part  of  a   surK 
sponsored  by  the  American  Pulpwood  Assoc iat 
(APA)    in   its  continuing   effort   to  obt 
information  that  can  be  used  by  forest  managitj 
in  their   planning.    The   purpose  of 
questionnaire   was   to   determine  who   ma* 
regeneration  prescriptions,   what  factors  affi 
the   prescription   process,   and   how   s 
preparation  might  change  in  the  future. 


RESULTS 

All  APA-member  forest 
both  the  Southeast   and 
Divisions,    as  well   as 
companies,   were  asked  to 
answers   to  the  questions 
responses  of   forty-six 


assessments 
during  1982, 


of 


companies  located-* 

Southwest  Techni: 

other   cooperati 

participate.    • 

are  based  on 

participants   maki. 

their  regeneration   progr 


Question   1_:    Who   (management   level  titH 
normally    makes    the     site    preparat 
prescriptions  for  your  company? 
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Isponse  1_:  Figure  1  depicts  a  typical 
vodlands  organization.  The  highest  level  is  a 
^odlands  manager,  possibly  a  corporate  vice- 
fiesident.  At  the  other  end  of  the 
cganizational  diagram  is  the  district  forest 
nnager  who  usually  has  considerable  experience 
i  a  local  area.  The  average  reported  level  at 
»ich  prescriptions  were  made  was  just  slightly 
Iwer  than  the  division  level  manager,  but  was 
h;her  than  that  of  the  district  level  manager. 


TIMBERLANO  GENERAL  MGR 


LAND   RESOURCE   MGR 


STAFF    ADMINISTRATION 


DIVISION  LAND   MANAGER 


DISTRICT   LAND    MANAGER 


fAveroge  Prescription 
*l  Making  Laval 


gure   1. — Typical   forest  management  organizational 
structure. 


estion  2: 

^sted  below  are  various  factors  which  could 
^fluence  a  manager  in  making  regeneration 
description  decisions.   Please  read  the  entire 

8t  and  then  number  in  order  of  importance, 
Lth  #1  being  the  most  important.  Do  not  repeat 

number  (e.g.,  there  should  not  be  two  #l's  or 
iree  #78 ). 


Growth  optimization 

Ease  of  planting 

Time  since  harvest 

Total  acres  to  be  prepared  this  year 

Local  labor  supply  (contractors,  etc.) 

Management  desires 

Last  month' s  profit  and  loss  statement 

Equipment  available 

Capital  ($)  available 

Silvicultural  needs  of  tract 

Desired  end  products 

Residual  material  left  on  tract 

Hardwood  component  of  previous  stand 

Total  cost 

Terrain  limitations 

Stand  nutritional  requirements 

Soil  type 

Soil  drainage  requirements 

Non-point  source  pollution  considerations 

Previous  stand  species 

Competition  control 

Survival 

Other 


Response  2: 

The  18  most  important  factors  are  presented 
in  Table  1  in  descending  order.  The  factors 
were  further  separated  into  two  broad 
categories:  Those  that  address  the 
silvicultural  needs  of  the  tract,  i.e., 
establishment,  productivity,  and  yield,  and 
those  that  address  more  immediate  management 
concerns  such  as  cost,  production,  and 
availability   of   manpower. 

Table  1. — Importance  ranking  of  site  preparation 
criteria. 


Order 

Factor 

Average 

Importance 

Maximum 

Standard 
Deviation 

1 

Silvioiltural 
needs  of  tract 

4.39 

14 

3.28 

2 

Growth 
optimization 

6.51 

18 

5.46 

3 

Terrain 

7.67 

17 

4.31 

4 

Survival 

7.44 

22 

6.39 

5 

Residxial  material 

8.11 

21 

5.45 

6 

competition  control 

8.72 

20 

5.21 

7 

Total   cost 

9.00 

21 

5.68 

8 

Management  desires 

9.24 

22 

6.32 

9 

Capital  available 

9.55 

20 

6.63 

10 

Percent  hardwood 

10.14 

19 

4.72 

11 

Soil   type 

10.73 

20 

5.23 

12 

Eqiiipment 
availability 

12.59 

22 

5.05 

13 

Drainage 
req\iirements 

12.62 

22 

5.84 

14 

Total   acres   to  plant 

12.77 

21 

5.52 

15 

Time   since  harvest 

12.83 

20 

4.31 

16 

Ease  of  planting 

12.88 

22 

5.60 

17 

Previous  stand 
species 

13.29 

6 

22 

4.92 

IS 

Non-point  pollution 

13.78 

4 

22 

5.22 

The  factors  associated  with  silviculture  in 
descending  order  of  importance  were: 

1.  Silvicultural  needs  of  the  tract 

2.  Growth  optimization 

3.  Terrain 

4.  Survival 

5.  Competition  control 

6.  Percent  hardwood 

7.  Soil  type 

8.  Drainage  requirements 

9.  Time  since  harvest 

10.  Previous  stand  (species) 


Those  factors  that  addressed  management/capital/ 
money  resources  in  descending  order  of 
importance  were: 
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1.  Residual  material  left  on  tract 

2.  Total  cost 

3.  Management  desires 

4.  Available  capital 

5.  Equipment  availability 

6.  Total  acres  to  plant 

7.  Ease  of  planting  (production) 

8.  Point,  non-point  pollution  requirements 

Of  the  18  factors  considered,  four  of  the 
first  five  ranked  highest  in  priority  were 
silviculturally  oriented;  however,  only  six  of 
the  first  ten  factors  were  silvicultural 
concerns. 

An  analysis  was  made  to  determine  if 
managers  at  different  levels  considered 
different  criteria  (Figure  2).  The  first  five 
factors  identified  by  management  Level  B  (refer 
to  Figure  1),  in  descending  order  of  importance 
were: 

1.  Growth  optimization 

2.  Terrain 

3.  Silvicultural  needs  of  the  tract 

4.  Survival 

5.  Residual  material  left  on  tract 

Those  factors  identified  by  management 
Level  C,  in  descending  order  of  importance  were: 

1.  Silvicultural  needs  of  the  tract 

2.  Terrain 

3.  Capital  available 

4.  Growth  optimization 

5.  Total  cost 


O 

z 
o 

Q. 

UJ 
(9 

UJ 
> 
< 


10 


15 


20 


[.  i: 


il 


Those  factors  identified  by  management  Lev  '.; 
D,  in  descending  order  of  importance  were:      ; 

1.  Silvicultural  needs  of  the  tract 

2.  Survival 

3.  Growth  optimization 

4.  Residual  material 

5.  Competition  control 

It  is  apparent  from  the  responses  that  ma  i 
of  the  same  factors  are  considered  at  dif fere i 
management  levels,  and  that  silvicultun 
concerns  are  especially  important  in  decisi > 
making  at  all  levels.  Therefore,  if  capit i 
resources  are  available,  silvicultural  needs  > 
the  tract  will  probably  control  regenerati  > 
decisions  at  all  management  levels. 

Question  3^: 

In  the  future,   do   you  plan  to  increas ; 
decrease,   or  stay  the  same  in  regard  to  ti 
number  of  acres  treated   by  different  si 
preparation  methods? 


Response  3_: 

Responses  to  this  question  show  that  si 
preparation  will  change  rather  dramatical] 
Ditching  and  micro  site  preparation  wi 
increase  slightly  in  the  future  (Figure  3). 
the  conventional  treatments,  use  of  herbicidi 
will  increase  the  most,  while  disking  a 
chopping  will  increase  moderately.  Only  slig 
increases  will  be  made  in  the  number  of  acr 
burned,  scarified,  and  bedded.  A  slig 
reduction  will  be  made  in  the  number  of  acr 
sheared,  with  a  moderate  to  strong  decrease 
rak  ing . 

MANAGEMENT  LEVELS 

B-LAND  RESOURCE  MANAGER  AND  STAFF 
C- DIVISION  LAND  MANAGER 
D- DISTRICT  LAND  MANAGER 


} 

»j 
1" 
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FACTORS  INFLUENCING  SITE  PREPARATION   PRESCRIPTIONS 

Figure    2.     Average   Iraportancc  of   Site   Regeneration  Prescription   Factors   by    Management   Level 
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TREATMENT 

Igure  3.   Anticipated  changes  in  the  use  of 
various  site  regeneration  treatments. 


Conventional  treatments  are  ordered  (left 
right)  on  the  graph  in  increasing  intensity 
Oi  treatment.  The  general  downward  trend  of  the 
dpa  indicates  that  less  intensive  treatments 
tat  cause  less  site  disturbance  will  become 
iii;re  prevalent  in  the  future.  Except  for 
dscing,  treatments  that  move  organic  material 
a]  disturb  the  soil  surface  will  be  used  less. 
A  more  and  more  acres  are  established  in 
p^ntations,  less  heavy  conversion  work  will  be 
n^ded.  Forest  managers  are  also  becoming  more 
a^re  of  the  possible  reductions  in  site  quality 
tat  very  intensive  site  preparation  treatments 
mjr  cause. 


jQi'stion  4^: 

Wit  percentage  of  your  harvest-plant   conversion 
iidone   in  the  following  categories: 


vious  Stand 


3fidwood 

''ajral  pine 

<ijpd  pine  hardwood 

'if  plantation 


ta)onse  4: 


New  Stand 

to  Pine  plantation 

to  Pine  plantation 

to   Pine  plantation 

to  Pine  plantation 


I  Conversion  from  mixed  pine  hardwood  stands 
icjiiunted  for  over  35%  of  the  acres  harvested 
"i| regenerated  while  conversion  of  natural  pine 
:oiine  plantations  accounted  for  almost  36%  of 
hi   total        (Table     2).  Hardwood     to       pine 

olyersions  were  performed  on  14%,  and  pine 
'lltations  that  followed  pine  plantations 
counted   for  15%  of  the  total. 

\ 
Sift  ion  5^: 

'the  suspension  of  2,4,5-T  affected  your  site 
"jaration  activities? 


Table  2.   Proportion  of  various  stand  types 
being  converted  to  pine  plantations 


Pravioua  StAnd 


Standard 


Average   %  of  ^hw.^.Hu.u 

Total  Sita  Prep     Deviation     '"■""^     Hixijnmi 


Hardwood 

14.27 

15.47 

0 

59 

Nattir2a  Pine 

35.80 

21.55 

5 

90 

JUjied  Pine  Hardwood 

35.02 

21.07 

3 

82 

Pine  Plantation 

15.00 

22.01 

0 

90 

Response  5^: 

Respondants  were  in  two  clearly  different 
camps  on  this  question.  One  group  had  not  been 
affected  or  felt  that  restriction  of  the 
chemical  was  minimal.  This  group  accounted  for 
25  of  the  46  responses  (54%). 

The  second  group  consisted  of  individuals 
who  had  either  used  2,4,5-T  to  one  degree  or 
another,  or  needed  to  begin  using  this 
herbicide.  Of  those  who  indicated  that  the 
restriction  of  2,4,5-T  would  make  a  difference, 
the  most  frequently  cited  problem  was  reduced 
flexibility  in  the  regeneration  process.  Often 
more  intensive  mechanical  treatments  were 
prescribed  in  place  of  the  herbicide  to  insure 
competition  control.  Other  alternatives  to  an 
increase  in  mechanical  operations  were  more 
expensive,  newly  registered  chemicals. 

Question  6^: 


How  have  section  208  and  404  of  PL  95-500  (non- 
point  source  pollution  and  dredge  fill 
requirements)  changed  your  site  preparation 
activities,  if  at  all? 

Response  6^: 

Several  respondants  (5  out  of  46,  11%) 
reported  that  their  companies  had  been  little 
affected  by  the  advent  of  point  and  non-point 
planning  requirements  since  their  own  company 
policy  had  long  stressed  the  same  protective 
measures  imposed  by  the  law. 

Of  those  companies  that  reported  changing 
philosophies  (78%),  the  single  most  significant 
change  was  the  addition  of  buffer  strips  along 
streams  (streamside  management  zones),  and  a 
subsequent  slight  loss  of  plantable  land. 
Apparent  benefits  of  the  legislation  were  better 
planning,  contour  operations  on  slopes,  and 
generally  increased  corporate  understanding  of 
the  environmental  hazards  of  broadscale 
operations.  Some  reports  indicated  a  shrinkage 
in  the  average  size  of  tracts  being  treated, 
while  some  land  was  pulled  out  of  production 
because  of  an  inability  to  provide  the  degree  of 
protection  demanded  by  the  spirit  of  the  law. 
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Other  general  trends  were  stabilization 
attempts  such  as  use  of  water  bars,  seeding  open 
areas,  and  buffer  zones.  While  more  costly  in 
many  ways,  pine  regeneration  in  the  South  will 
become  more  diversified  as  a  result  of  this 
legislation.  Planning  will  include  site 
specific  prescriptions  that  accomodate  both 
regeneration  and  protection  requirements. 

Question  7_: 

If  an  area  is  exceptionally  well  harvested  and 
utilization  is  high  (e.g.,  a  clean  whole  tree 
chip  operation),  is  an  accounting  credit  given 
to  site  preparation? 


Probably  the  best  suggestions  included  1* 
liason  activities  mentioned  above.  0th  i 
specified  that  site-specific  regeneration  nee  ( 
to  include  prescriptions  for  harvest  t|i 
operations  as  well  as  site  preparation. 


Yes 


No 


How  is  it  applied? 

If  harvesting  costs  are  higher  with  greater 
utilization,  is  this  extra  cost  all,  or  in  part, 
underwritten  by  site  preparation  accounts? 

Response  7: 


Of  the  46  respondants,  only  4  reported  a 
credit  to  site  preparation  operations  for  good 
harvesting.  Credit  was  recognized  either 
directly  by  a  dollar  exchange  between  accounts, 
indirectly  in  the  form  of  less  intensive  site 
preparation  treatments,  or  by  a  formal 
realization  by  management  of  reduced  cost  in 
site  preparation  due  to  increased  cost  in 
harvesting. 

Question  S: 


In  your  opinion,  how  can  harvesting  and 
regeneration  operations  be  combined  or  otherwise 
managed  to  reduce  total  woodlands  division  or 
departmental  cost? 

Response  8^: 

Most  respondants  had  a  number  of  ideas  of 
how  total  cost  could  be  lowered.  Most 
frequently  mentioned  was  better  utilization  of 
all  harvestable  material.  This  was  especially 
true  of  the  hardwood  component.  Various  methods 
of  liason  were  suggested,  but  all  mentioned  the 
need  for  better  communication  between 
procurement  and  regeneration  personnel  within  a 
company.  Some  took  an  administrative  hard-line 
approach  and  suggested  that  high  level 
administrators  impose  standards,  while  others 
felt  the  job  could  be  done  at  a  much  lower 
level. 

Another  suggestion  was  to  shift  the  problem 
outside  of  the  organization,  thus  requiring 
contractors  to  do  both  harvesting  and  site 

preparation  within  very  tight  guidelines. 


I. 

I 

I 


m 
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DIRECT  SEEDING  SLASH  PINE  BEFORE  CLEARCUTTING 

2 
Earle  P.  Jones,  Jr. 


Abstract. — Four  se 
coastal  plain  of  Georgi 
seeded  with  slash  pine 
elliottii)  before  clea 
seeded  furrows,  empiric 
at  ages  16  to  22  showed 
productive  than  in  adja 
had  been  site  prepared 
cutting.  Due  to  much  1 
net  returns  on  merchant 
direct-seeded  stands 


parate  sawtiraber  stands  in  the  middle 
a  were  prescribed' burned  and  furrow 
(Pinus  elliottii  Engelm.  var. 
rcutting.   Despite  logging  over  the 
al  observations  of  established  stands 

that  they  were  only  slightly  less 
cent  areas  in  the  same  clearcuts  that 
and  planted  with  seedlings  after 
ower  establishment  costs,  estimated 
able  volumes  favored  the 


INTRODUCTION 

During  the  1960's  there  was  considerable 
nirest  and  research  in  direct  seeding  slash 
Pius  elliottii  Engelm.  var.  elliottii)  ,  longleaf 
p"^lustris  Mill.),  and  loblolly  (P^.  taeda  L.) 
i's.  This  was  a  result  of  the  development  of 
e|able  repellents  for  coating  seed  in  the  late 
9;)'s.   Through  research  and  field  trials  by 
nistry  and  State  and  Federal  agencies,  the  tech- 
Oigy  for  successful  direct  seeding  was  developed 
n  documented  (Anon.  1965,  Derr  and  Mann  1971). 
eiods  included  broadcast  and  row  seeding,  and 
e;ral  tractor-mounted  row  seeders  were  developed 
0' use  on  woodland  sites. 

j  In  1963,  a  different  application  of  direct 
eiling  was  conceived,  which  was  to  direct  seed 
eiath  a  stand  before  it  was  clearcut.   As  opposed 
oihe  removal  or  reduction  of  logging  debris  for 
njnsive  site  preparation,  the  rationale  is  that 
f  seeding  can  be  done  while  the  trees  are  still  on 
hi  stump  then  the  debris  is  not  a  hinderance  to 
ilict  seeding.   In  addition,  if  logging  is  com- 
led  soon  after  seeding,  the  seed  will  germinate 
n  seedlings  will  develop  as  logging  debris  de- 
e. orates — in  fact,  the  debris  affords  some  pro- 
efion  to  the  seed  bed.   If  this  method  proved 


Paper  presented  at  Third  Biennial  Southern 
iivicultural  Research  Conference,  Atlanta, 
Jergia,  November  7-8,  1984. 

2 

«    Research  Forester,  USDA  Forest  Service, 

ktheastern  Forest  Experiment  Station,  Macon, 
5£fgia. 

3 
I    Near  Cordele,  Georgia;  operated  by  the 

>ctheastern  Forest  Experiment  Station  in  coopera- 

■ia   with  the  H.  E.  Walton  Estate  and  St.  Regis 

?c5r  Company. 


successful,  time  and  cost  for  heavy  site  prepar- 
ation could  be  saved. 

Some  exploratory  field  trials  of  direct  seed- 
ing before  clearcutting  were  installed  during  the 
1960's  on  the  Holt  Walton  Experimental  Forest. 
But  as  interest  in  direct  seeding  waned,  this  work 
was  not  pursued. 

In  recent  years  there  has  been  a  disturbing 
trend  of  clearcutting  small  forest  properties  with- 
out provision  for  pine  regeneration.   The  Georgia 
Forestry  Commission  has  embarked  on  a  commendable 
program  to  counter  this  trend  by  demonstrating  all 
the  regeneration  options  available  to  landowners, 
with  the  hope  that  every  landowner  will  find  some 
method  or  cost  range  that  will  suit  his  or  her 
need.   Thanks  to  cooperating  forest  industries  in 
the  State,  the  Commission  can  also  provide  seed  for 
direct  seeding,  at  no  cost,  to  qualified  land- 
owners. 

Prompted  by  this  new  interest  in  direct  seed- 
ing, I  thought  it  would  be  instructive  to  measure 
these  areas  that  were  direct  seeded  before  clear- 
cutting,  now  at  ages  16  to  22,  and  compare  them 
with  the  adjacent  areas  that  were  clearcut  at  the 
same  time  but  site  prepared  and  planted  by  conven- 
tional methods. 


STUDY  AREA 

The  study  was  installed  over  a  6-year  period, 
from  1962-1969,  on  the  Holt  Walton  Experimental 
Forest  in  Dooly  County,  in  the  middle  coastal  plain 
of  Georgia.   The  areas  used  each  year  were  50-acre 
square  tracts  designated  for  operational  clear- 
cutting  under  the  routine  management  plan  for  the 
forest.   Under  the  area  control  scheme  employed  in 
the  plan,  these  50-acre  tracts  are  one-fourth  of  a 
surveyed  land  lot  and  do  not  conform  to  stand 
boundaries  or  topographic  features.   They  contain 
mostly  slash  and  longleaf  pines  on  gently  sloping 
terrain  with  intermittent  streams  bordered  by 
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narrow  bands  of 

Soils  on  th 
sands  of  the  Gil 
series,  characte 
drainage,  and  wi 
to  80  (base  age 
for  direct  seedi 
slash  and  longle 
the  other  was  a 
tion. 


scrubs  and  small  hardwoods, 
e  study  areas  are  mostly  loamy 
ead ,  Lakeland,  and  Susquehanna 
rized  by  rapid  surface  and  internal 
th  a  slash  pine  site  quality  of  70 
50) .   Three  of  the  four  areas  used 
ng  had  patchy,  natural  stands  of 
af  pine ,  40  to  50  years  old ,  and 
29-year-old  widely  spaced  planta- 


TREATMENTS 

One-fourth  of  each  area  was  direct  seeded  be- 
fore clearcutting  and  the  remaining  three-fourths 
was  site  prepared  and  planted  after  clearcutting. 
In  this  exploratory  work,  both  slash  and  longlea*" 
were  seeded  separately,  but  only  the  slash  pine 
portion  is  reported  in  this  paper.   The  details 
associated  with  each  treatment  and  in  each  year 
varied  a  little,  according  to  the  particular  con- 
ditions of  time  and  place. 

Generally,  for  direct  seeding,  the  area  was 
first  burned  to  remove  ground  litter.   This  im- 
proved the  seedbed  by  reducing  litter  and  exposing 
mineral  soil,  it  killed  back  the  small  hardwood 
competition,  and  it  made  it  easier  for  the  tractor 
driver  to  see  obstacles  such  as  stumps,  holes,  or 
other  hazards  which  might  be  under  the  litter. 

Immediatedly  before  clearcutting,  the  stand 
was  underseeded  by  a  furrow  seeder  attached  behind 
a  farm  tractor.   Seed  were  stratified  and  repel- 
lent-treated with  thiram  and  endrin,  and  coated 
with  aluminum  flakes  (Mann  and  Derr  1964).   Seeding 
rate  was  based  on  a  germination  test  of  unstrati- 
fied  seed,  a  target  establishment  of  about  800  to 
1,000  seedlings  per  acre,  and  the  hope  that  about 
one  out  of  five  germinated  seedlings  would  survive 
the  first  summer — really  a  guess.   Seeding  rates 
ranged  from  0.5  to  1.1  pounds  per  acre.   The  high- 
est rate  was  on  one  area  that  was  not  planted  until 
late  in  May,  beyond  the  recommended  season  for  sow- 
ing slash  pine  seed  in  south  Georgia  (Jones  1971). 
Other  areas  were  seeded  in  February  and  March. 

Two  different  types  of  row-seeding  machines 
were  used  in  different  years.    The  H-C  Furrow 
Seeder  was  used  in  three  of  the  areas  discussed 
here.   It  was  developed  by  the  Southern  Forest 
Experiment  Station  at  Brewton,  Alabama  (Croker 
1964).   It  is  basically  a  stock  corn  seeder  modi- 
fied by  a  heavy  frame  for  rough  woods  seeding,  and 
attached  behind  a  small  fire  plow.   The  whole  unit 
is  mounted  by  a  3-point  hitch  behind  a  farm  wheel 
tractor.   The  other  row  seeder,  also  on  a  3-point 
hitch,  was  a  prototyne  of  a  row  seeder  then  being 
aevelopea  at  tne  USDA  Forest  Service's  Equipment 
Development  Center  at  San  Dimas,  California 
(Richardson  1967).   It  employed  a  vacuum  seed  dis- 
pensing mechanism  which  was  intended  to  correct 
the  problem  of  irregular  seed  distribution  caused 
by  rough  woods  operation.   Each  machine  was  equip- 
ped with  a  small  soil  cultivation  device  to  prepare 
a  continuous,  though  narrow,  seedbed  just  ahead  of 
the  S'^ed  drop,  a  drag  device  to  cover  the  seed,  and 
a  press  wheel  to  firm  over  the  top  of  the  planted 
bed. 
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Seeded  rows  were  installed  more  or  less  on  (. 
tour.  The  driver  tried  to  keep  them  as  paral  f; 
possible  and  at  the  prescribed  distance  apart 
However,  it  was  not  unusual  for  rows  to  conve  j 
or  occasionally  to  cross,  as  the  driver  tried  i 
manipulate  around  trees.  In  the  three  natura 
stands  in  this  study,  density  ranged  from  93  cl 
trees  per  merchantable  acre,  which  seldom  cau  (; 
much  of  a  problem.  Thickets  of  pine  saplings  iif 
sented  the  main  problem;  they  would  interrupt  i 
several  adjacent  rows,  and  it  was  usually  imp  i|l 
sible  to  drive  through  them  with  a  small  famiij 
tractor.  In  the  one  plantation  seeded,  rows  ;j:( 
merely  installed  between  standing  rows  of  tre  ij' 

After  seeding,  the  entire  50-acre  tract  n 
clearcut  in  the  same  operation  by  commercial  J- 
ging  crews  using  ordinary  procedures.   In  the'if 
tests,  all  merchantable  pines  were  felled,  li  lij, 
and  trimmed  to  a  4-inch  top  by  chain  saw  at  1 1) 
stump.   Tree  lengths  were  skidded  to  a  log  rsrJo! 
the  site.   Poles,  sawtimber,  and  pulpwood  weif* 
separated,  worked  up,  and  loaded  for  haul  at 
ramp.   Logging  crews  were  instructed  to  ignoi 
seedbeds  and  work  right  over  them.   After  lofag 
was  completed,  the  furrow  seeder  returned  to 
area,  and  the  loading  ramp,  truck  haul  road, 
major  skid  trails  were  reseeded.   This  ended rti 
direct  seeding  treatment.   Logging  debris  wasajfi 
where  it  had  fallen  on  the  seeded  furrows.   \ 
Follow-up  hardwood  control  by  individual  steifj 
treatment  could  be  applied  in  the  first  spriifr 
summer  after  seeding,  although  none  was  used  cth 
test  areas  carried  to  completion  in  this  stui  5 

After  clearcutting,  the  remaining  three 
fourths  of  the  clearcut  50  acres  was  left  fa  - 
for  a  year  or  more,  or  at  least  through  one  i 
to  allow  the  tops  and  limbs  to  dry  out.  Th 
planting  site  was  then  prepared  by  burning, 
or  double  chopping,  and  bedding  on  11-foot 
centers.  Slash  pine  1-0  nursery  stock  was  p 
at  a  5-  by  11-foot  spacing,  or  792  trees  per 
St.  Regis  Paper  Company  is  one  of  our  cooper 
on  the  Experimental  Forest  and  all  site  prep  i|tli|l 
and  planting  was  according  to  their  operatic  1'  ' 
standards,  and  was  done  mostly  by  contractor; 


MEASUREMENTS 
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Of  the  six  annual  installations  of  slas 
only  four  areas  could  be  used  for  a  final  co 
ison  in  1984.  Of  the  two  excluded,  one  had 
installed  in  an  area  where  too  many  small  pi 
trees  had  survived  burning  and  clearcutting 
by  1984  it  was  impossible  to  distinguish  bet 
the  residuals  and  the  seeded  trees;  the  othe 
direct-seeded  area  excluded  had  very  poor  sv 
at  age  3,  so  it  was  site  prepared  and  plante 
with  the  other  three-fourths  of  the  clearcut 

On  each  of  the  four  study  sites  remainJ 
merchantable  stands  occupied  from  43  to  83  ] 
of  the  total  area,  and  40  to  73  percent  of  t 
trees  were  sawtimber.  Stocking  in  these  mei 
able  stands  ranged  from  4.5  thousand  board  ' 
(Int.  1/4-inch  rule)  plus  2  cords,  up  to  8..' 
thousand  board  feet  plus  10.6  cords  per  acr( 
heaviest  stocking  was  in  the  plantation. 
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Table  1. — Stand  data  for  direct-seeded  and  planted  treatments  in  four  annual  study  areas 


Trees  per 
acre 


Basal  area 
per  acre 


Volume 
per  acre 


Crown  classes 


Trees  with 


12       3      2       3      2        3 
Area  Age   Total  Merch.   Total  Merch .   Total   March.   Sup. 


Trees 


Int, 


D+C 


,  sawtimber. 
with  rust   potential 


Yrs.   — Number — 


1 

22 

686 

371 

2 

21 

29A 

183 

3 

18 

2A7 

155 

4 

16 

414 

199 

20 
20 
17 
15 


455 
357 
451 
352 


359 
276 
284 
167 


Square  feet 


102 
53 
41 
58 


96 
72 
67 

40 


-Cubic  feet- 


DIRECT  SEEDED 


Percent — 


Tpa  Pet.   Tpa  Cu.  ft. 


82 

1914 

1535 

,33 

24 

47 

935 

828 

26 

24 

35 

608 

511 

24 

23 

47 

992 

798 

44 

25 

91 
66 
57 
29 


PLANTED 

1736  1634 

1253  1151 

970  806 

484  310 


15 

23 

62 

17 

30 

53 

20 

24 

56 

27 

33 

40 

43  196  29  208  984 

46  80  27  101  544 

53  52  21  107  390 

31  99  24  104  550 


108  24  222  1179 

83  23  149  740 

120  27  166  503 

107  30  92  181 


For  direct  seeded,  age  is  from  seed;  for  planted,  age  is  from  outplanting  of  1-0  seedlings. 
All  slash  pine  having  a  d.b.h. 
Trees  having  4.6-inch  dbh ,  and  above. 

Trees  per  acre  (Tpa)  and  percent  of  total  trees  having  rust  cankers  in  lower  17  feet  of  stem, 
or  in  crown  if  severe  enough  to  threaten  loss  of  one-half  or  more  of  crown  before  tree  reaches 
maturity. 

Trees  per  acre  (Tpa)  and  cubic  volume  of  trees  currently  merchantable,  in  the  dominant  or  co- 
dominant  crown  classes,  and  without  rust  as  defined  in  note  4,  above. 


Comparative  measurements  of  direct-seeded  and 
pjnted  stands  were  made  in  August.    In  each 
ai'ual  test  area,  five  one-fifth-acre  plots  were 
efablished  for  each  treatment  so  that  the  samples 
oidirect-seeded  and  planted  treatments  were  in 
c-ise  proximity. 

'■■    1  In  each  plot,  all  pine  trees  were  measured  for 
d..h,,  and  judged  for  crown  class  and  rust  condi- 
■tim.     Two  trees  in  each  diameter  class  were 
mdsured  for  total  height.   Height  samples  were 
ccJbined  for  the  five  plots  in  each  treatment  area 
ai  a  combined  height  over  diameter  curve  was 
fited  to  a  model  using  a  logarithm  of  total  height 
ar  reciprocal  of  age.   These  height  estimates  and 
dimeter  measurements  were  then  used  to  accumulate 
mcichantable  and  total  cubic-foot  volume  estimates 
fcl  each  plot  by  available  equations  for  merchant- 
ialte  volume  (McGee  and  Bennett  1959)  and  for  trees 
leB  than  4.6  Inches  d.b.h. 

i:   Unfortunately,  there  were  no  replications  of 
!tn  slash  pine  treatment  within  a  given  year,  and 
til  annual  installations  of  the  direct  seeding 
ti^s   did  not  constitute  legitimate  replications  in 
tife.  Therefore,  it  was  not  possible  to  apply 
iDiehingful  statistical  tests  to  the  data.   However, 
ftii  empirical  results  of  direct  seeding  in  compari- 


The  Georgia  Forestry  Commission  provided 
flld  assistance  for  taking  measurements. 

Personal  communication  with  Douglas  R. 
llips.  Southeastern  Forest  Experiment  Station, 
jnson.  South  Carolina,  1982. 
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son  with  planting  provide  the  basis  for  some  con- 
clusions as  to  the  success  or  failure  of  direct 
seeding  before  clearcutting. 


RESULTS  AND  DISCUSSION 

Establishment  surveys  made  on  the 
direct-seeded  stands  at  age  3  showed  seedling 
establishment  ranged  from  412  to  1,270  seedlings 
per  acre  over  the  four  study  areas.    In  compar- 
ison, the  planted  areas  averaged  470  to  630  trees 
per  acre  at  age  2,  or  60  to  80  percent  survival  of 
planted  trees.   Direct  seeding  rows  had  been  spaced 
about  6  to  10  feet  apart,  and  a  few  irregular  rows 
could  still  be  detected  in  1984  at  ages  16  to  22. 

Estimated  site  index  (base  age  25)  varied  by 
only  1  nr  2  feet  between  the  direct-seeded  and 
planted  treatments,  except  on  one  area  where  the 
direct-seeded  treatment  averaged  9  feet  greater 
than  the  comparable  planted  area.   This  discrepancy 
was  at  least  partly  due  to  a  few  trees  left  as  re- 
sidual seedlings  or  saplings  from  the  previous 
stand.   Despite  the  confounding  effect  of  residuals 
in  the  data,  it  could  be  considered  an  advantage  in 
utilization  of  advance  reproduction,  rather  than  a 
loss  that  would  occur  by  complete  mechanical  site 
preparation. 

Ages  of  the  direct-seeded  plots  range  from  16 
to  22  years  (table  1).   The  planted  stands  were 
usually  planted  1  year  later.   On  Area  1,  however, 
there  was  a  2-year  delay  before  site  preparation 
and  planting  due  to  administrative  reasons.   A 
1-year  delay,  of  course,  means  that  the 
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direct-seeded  and  planted  areas  are  actually  the 
same  age  from  seed  because  1-0  nursery  stock  was 
used . 

About  200  to  600  well-spaced  trees  per  acre  is 
an  acceptable  range  of  stocking  for  a  slash  pine 
plantation,  depending  on  whether  the  management 
objectives  are  for  pulpwood  only  or  include  saw- 
timber  (Bennett  and  Clutter  1968).   The  average 
stocking  was  less  than  200  merchantable  trees  per 
acre  on  three  of  the  four  seeded  areas  compared 
with  only  one  of  the  planted  areas  having  less  than 
200  (table  1).   Because  of  crowding  in  the  seeded 
rows,  not  all  of  the  smaller  trees  will  be  avail- 
able for  ingrowth. 

Crowding  of  trees  is  often  a  problem  of  row 
seeding  caused  by  irregular  seed  flow  from  the  hop- 
per to  the  furrow.   For  example,  a  jolting  seeder 
sometimes  causes  no  seed  drop  for  10  feet,  followed 
by  a  dozen  seed  dropping  in  a  couple  of  feet.   If 
most  of  these  seed  establish  seedlings,  the  result- 
ing clumping  effect  is  evident  in  the  distribution 
of  diameters  and  crown  classes.   In  this  study, 
poor  spatial  arrangement  in  the  direct-seeded  plots 
resulted  in  a  lower  proportion  of  the  total  number 
of  trees  attaining  merchantable  sizes  at  their 
respective  ages  (table  1).    An  average  for  the 
four  direct-seeded  areas  shows  that  55  percent  of 
the  trees  are  in  merchantable  size  classes  compared 
with  an  average  of  67  percent  for  the  planted 
areas.   The  efficiency  of  spacing  for  planted  trees 
is  also  seen  in  diameter  distribution  (table  2)  in 
which  the  four  study  areas  average  33  percent  of 
the  planted  trees  less  than  5  inches  d.b.h.,  and  45 
percent  of  the  direct-seed  trees  still  nonmerchant- 
able.   Area  4  includes  one  plot  on  which  seven 
trees  must  have  been  nonmerchantable  residuals  from 
the  previous  stand,  based  on  the  fact  that  they 
were  much  taller  than  the  other  trees  on  the  plot. 
Futhermore,  in  the  planted  areas,  an  average  of  53 
percent  of  the  trees  are  in  the  dominant  and  codom- 
inant  classes,  but  only  43  percent  of  the 
direct-seeded  trees  are  in  the  dominant  stand 
(table  1). 


Table  2. — Diameter  distributions  for  direct  seed- 
ed and  planted  treatments  on  four  annual  clear- 
cut  areas 


tl 


Diameter  class  (inches) 


There  was  little  difference  between  plai ;; 
and  direct-seeded  treatments  in  the  incidence 
severe  rust  (table  1).  Rust  was  recorded  on]/ 
trees  with  a  stem  canker  in  the  lower  17  feel 
the  stem,  or  a  canker  in  the  crown  if  it  thrn 
to  cause  more  than  half  of  the  crown  to  breal 
before  maturity. 

Total  cubic  volume  production  on  the 
direct-seeded  areas  was  not   consistently  in  Eji 
of  either  treatment  (table  1).   Two  of  the 
direct-seeded  stands  had  more  total  volume  tHi 
planted  stand  on  the  same  clearcut  area.   Av(  ^1 
merchantable  volume  has  averaged  slightly  bel  t' 
the  planted  area,  but  the  difference  is  only  sut 
57  cubic  feet  per  acre,  or  about  0.6  cord.   j 

There  were  very  few  trees  in  the  sawtimla 
class  at  these  ages  (table  1).  Sawtimber  poli 
tial,  however,  was  estimated  on  the  merchantil 
size  trees  in  the  dominant  and  codominant  cli  Is 
that  were  free  of  rust,  as  defined  above.  Tie 
direct-seeded  areas  compared  closely  with  th 
planted  stands,  averaging  130  trees  and  617 
feet  per  acre  sawtimber  potential  compared  w:i\)] 
trees  and  650  cubic  feet  per  acre  on  the  pla' I 
stands. 

A  simple  analysis  of  cost  and  returns  s'«fi 
that  direct  seeding  before  clearcutting  had  i 
financial  advantage  as  of  the  1984  measuremeit 
(table  3).   Accurate  cost  records  were  not  k'^foi 
the  work,  so  cost  values  for  the  mid-1960's 
estimated.   These  values  were  adjusted  to  be  p- 
erous  for  direct  seeding  and  on  the  low  side  ■ 
site  preparation  and  planting.   Mann  and  Der 
(1964)  estimate  $4.30  per  acre  for  the  cost 
burning,  seed,  and  furrow-seeding  open  areas  ijl 
raised  this  to  $8  to  allow  for  the  additiona  lime 
needed  to  operate  among  standing  trees.   Con  iIbus 
among  practitioners  of  the  time  suggests  tha  '40 
per  acre  was  a  conservative  total  charge  for  rn- 
ing,  chopping,  bedding,  seedlings,  and  plant .!  on 
cutover  sites  in  the  mid-1960's. 

Costs  were  compounded  at  7  percent  from: 
date  of  direct  seeding  or  planting.   A  pulpw) 


Table  3. — Net  returns  in  1984  for  direct  seel| 
before  clearcutting  versus  site  preparati<  rjii 
planting  on  four  clearcut  areas,  with  196!' i 
estimated  costs  per  acre  of  $8  for  the  seifl 
treatment  and  $40  for  the  planting  treatmi  n. 
both  compounded  at  7  percent  annually;  an(  }'< 
stumpage  rate  of  $25  per  cord  ; 


Area  and 

<5 

315 
96 

HI 

81 

92 

167 

215 
185 

5-8 
Number 

353 
324 

157 
255 

147 
280 

189 
167 

9 
of 

13 
23 

18 
15 

6 
4 

2 

10 
trees 

5 
8 

4 
6 

2 
3 

11 
per 

3 
2 

3 

12 
acre — 

1 
2 

1 

16 

1 

_ 

treatment 

Area 

Direct  seed 

ed 

Planted 

1984 
value 

1   Seeded 
Planted 

Cost 

1984 
value 

Net     Cost 

jt 

2  Seeded 
Planted 

3  Seeded 
Planted 

1 
2 
3 
4 

35 
33 

27 
24 

418 
225 
138 
218 

Dollars 

382      155 
192      155 
111      126 
194      110 

445 

312 

220 

35 

?0 
57 
94 
25) 

4   Seeded 
Planted 

Compounded 
Table  1. 

for  respe 

ctive  periods 

under  "A; 

in 

108 


lumpage  value  of  $25  per  cord  is  $1  below  the  low 
jde  of  the  range  reported  for  stumpage  in  south 
(orgia  in  September  1984  (Timber  Mart  South,  Inc. 
]84).   Annual  charges  for  management  and  taxes 
vre  omitted  as  being  the  same  for  both  treatments. 

Differences  in  net  return  for  the  two  treat- 
ints  range  from  $17  to  $92  in  favor  of  the  direct 

eding  treatment,  not  including  Area  4  which,  at 
ie   15,  is  iust  on  the  threshold  of  merchantability 

d  does  not  yet  show  a  profit  for  the  planted 

leatment.   Of  course,  this  reflects  the  heavy 
pact  of  the  eightfold  greater  establishment  cost 
r  site  preparation  and  planting. 

A  basic  consideration  in  this  idea  of  direct 
eding  before  clearcutting  is  that  if  logging  is 
impleted  before  seed  germinate,  they  may  still 
irminate  after  having  been  logged  over,  although 
ley  may  be  relocated  somewhat  in  the  process.  A 
irminated  seed,  with  radical  and  sprout  extended 
It  of  the  protective  seed  coat,  would  not  fair  as 
ill,  nor  would  a  seedling. 

In  these  trials,  the  trees  were  topped  and 
mbed  at  the  stump,  and  the  tree-length  logs  were 
inched  and  skidded  across  the  beds.   Skidding 
inches  of  6  to  10  whole  trees,  with  tops,  would 
/eep  a  wider  swath,  but  the  fact  that  the  trees 
:e  moved  in  the  vertical  position  to  the  bunching 
)int  may  cause  less  damage  to  the  beds.   This 
Lght  be  and  interesting  point  for  further  investi- 
ition. 


CONCLUSIONS 


Statistically  sound  conclusions  cannot  be 
awn  from  this  empirical  study  of  direct  seeding 
f.   jcfore  clearcutting.   However,  these  final  points 
n  be  stated : 

1.  For  some  small  slash  pine  tracts,  direct 
leading  In  rows  before  clearcutting  may  be  a  prac- 
.ical  and  inexpensive  way  to  regenerate. 

2.  Clearcutting  must  be  timed  to  coincide 
ith  the  proper  season  for  direct  seeding,  prefer- 

s  |bly  the  winter  and  early  spring  season. 

3.  Proper  timing  between  direct  seeding  and 
egging  is  essential  so  logging  will  be  completed 
efore  significant  germination  starts. 


4.  Direct  seeding  before  clearcutting  should 
ot  be  used  where,  intensive  hardwood  control  meas- 
ures are  needed. 

5.  Open  understory  conditions  are  more  suit- 
ible  for  direct  seeding  before  clearcutting,  and 
his  condition  can  be  maintained  by  regular  pre- 
cribed  burning  before  the  time  for  harvest. 

I    6.   This  application  of  direct  seeding  is  not 
suggested  as  a  general  substitute  or  improvement 
;>ver  the  planting  of  nursery  seedlings,  but  it  may 
i)e  considered  a  regeneration  option  under  the  con- 
lltions  and  restrictions  described  above 
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A  METHOD  FOR  EVALUATING  SURVIVAL  ADEQUACY 


IN  YOUNG  PLANTATIONS-' 


1/ 


T.  G.  Matney  and  J.  D.  Hodges^' 


2/ 


Abstract. — A  method  based  on  the  negative  binomial  (NB) 
distribution  and  area  potentially  available  (APA)  concept  is 
described  for  objectively  evaluating  the  need  •  to  replant. 
The  NB  parameter  P,  planting  spacing,  and  numbers  of  living 
trees  are  estimated  from  sample  data.  Using  these  estimates 
a  distribution  of  APA's  is  simulated  and  essentially  open 
grown  trees  are  excluded  from  the  stand.  The  residual  stand 
is  then  projected,  and  an  economic  analysis  performed  to 
assess  the  benefits  of  replanting. 


INTRODUCTION 

Forest  managers  are  constantly  plagued  with 
the  problem  of  assessing  the  adequacy  of  first 
year  survival  in  plantations  to  meet  management 
objectives.  Surviving  seedling  counts  on  plots 
randomly  or  systematically  distributed  in  a 
plantation  provide  a  good  estimate  of  the 
numbers  of  survivors  per  unit  area,  but  no 
information  is  gained  on  the  spatial 
distribution  of  survivors  or  the  proportion  of 
trees  surviving.  It  is  distinctly  possible  that 
unless  a  plantation  is  carefully  stratified  into 
survival  classes,  poor  survival  and  good 
survival  in  differing  areas  in  the  plantation 
may  average  out  to  an  acceptable  number  of 
survivors  per  unit  area.  In  this  paper  we 
discuss  and  illustrate  a  method  based  on  the 
negative  binomial  probability  distribution  that 
provides  the  manager  with  information  on  numbers 
of  survivors  and  their  distribution.  We  also 
demonstrate  an  objective  decision  criterion  for 
answering  the  question  "Should  I  replant  or 
not?" 

The  field  procedure  of  the  sampling 
technique,  called  the  runcount  method,  is  first 
described  as  a  starting  point  for  discussion. 
Then  the  theory  on  which  the  technique  is  based, 
and  the  possible  use  of  the  area  potentially 
available  (APA)  concept  (Brown,  1965)  to  derive 
expected  yields  for  the  sampled  plantation  are 
described . 


—Presented  at  the  Third  Biennial  Southern 
Silvicultural  Research  Conference  in  Atlanta, 
Georgia,  November  7-8,  1984.  Cont.  No.  5939. 

—The  authors  are  Associate  Professor,  and 
Professor,  respectively,  in  the  Department  of 
Forestry,  Mississippi  Agricultural  and 
Forestry  Experiment  Station  at  Mississippi 
State  University,  Mississippi  State,  MS  39762. 


FIELD  PROCEDURE 

Following  stratification  of  the  plantatu'  < 
into  (1)  potentially  similar  survival  strata  i 
(2)  the  selection  of  random  points,  in  e* 
strata  (see  figure  1): 


+  *5+   ****   +   *   +  +   +1  + 

^  1 

1  ^ 

KC Run  length ^1 

%  1 

#1  /-Random  point  ^ 

\iy  \ 

ieH*         +         +         ***         +         +  *         +1  + 

Tl                             Fifth    living  tree^  1  ' 

Vj^Sample    tree  II 

1  \  1 

+  1*      +      +      +      *      +      +      +  *      +1*1 


Figure  1. — Illustration  of  the  run  count  meti 
using  a  run  length  of  five  living  trees, 
plus   (+)   represents  a  living  tree  and 
astrick  (*)  represents  a  planting  posit L 
without  a  living  tree.   WS  and  WE  are 
distance  between  the  midpoints  of  adjaoti 
rows  and  L  is  the  length  of  the  run. 
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Locate  the  row  closest  to  the  point.  If 
the  point  is  equidistant  between  two  rows, 
select  one  of  the  rows  with  50  percent 
probability  by  tossing  a  coin. 

In  the  row,  select  the  planting  position 
closest  to  the  point  located  on  the  ground 
and  record  whether  a  living  tree  is  present 
in  the  planting  position  or  not. 

Select  a  direction  to  travel  in  the  row  at 
random  by  tossing  a  coin. 

Locate  a  point  halfway  between  the 
previously  identified  planting  position  and 
the  first  planting  position  in  the 
direction  of  travel. 

At  the  halfway  point  between  planting 
positions,  measure  the  distance  between  the 
midpoints  of  the  adjacent  rows.  The 
measurement  lines  should  be  perpendicular 
to  the  measurement  row. 

Proceed  down  the  row  counting  the  number  of 
planting  positions  until  n  living  trees  are 
counted.  The  n  selected  will  depend  on  the 
spacing  and  survival  percentage,  and  should 
be  chosen  so  that  the  length  of  the  run  is 
not  much  greater  than  150  feet.  The 
quantity  n  will  be  referred  to  as  the 
living  count. 

At  the  nth  living  tree  along  the  length, 
locate  the  halfway  point  between  the  nth 
tree  living  and  the  next  planting  position; 
and  measure  the  distance  between  the 
midpoint  of  the  two  adjacent  rows. 

Finally,  measure  the  length  of  travel  along 
the  row  traversed  by  measuring  the  distance 
between  the  points  established  in  steps  5 
and  7. 


THEORY 

At  best  in  a  plantation  we  may  expect  that 
e  probability  (P)  of  a  planting  position 
living  a  living  tree  present  is  constant 
iroughout  the  plantation.  In  general,  however, 
e  probability  P  will  vary  from  location  to 
Ifcation  in  a  plantation  producing  clumps  of 
tter  than  average  survival  and  clumps  of  worse 
an  average  survival.  Another  possibility,  and 
e  that  is  highly  unlikely,  is  that  survival  is 
re  r^ular  than  expected. 

When     P     is     constant,   the     run     counts     are 
stributed  as  the  negative-binomial 

jstribution. 


X)  =  (JJ-J)  p"  (l-P) 
=  0 


x-n 


,x=n,n+l,  .  .  . 
,  elsewhere.      (1) 


where:  f(x)  =  the  probability  of  a  run-count 
being  x  planting  positions  in 
length, 

x  =  a  random  variable  representing 
run-count  length, 

P  =  constant  probability  of  a  plan- 
ting position  having  a  living 
tree  present,  and 

n  =  fixed  number  of  living  trees  in 
J  each  run  count. 

Given  p,  the  expected  average  length  (X)  of 
run-count  and  the  expected  variance  (S  )  of 
run-count  lengths  are,  respectively. 


,  and 


S2  =  n  IL^, 
P 


(2) 


(3) 


Sample   estimates   from   the   field   data 
collected  for  each  stratum  are. 


N 

E   R. 
i=l  ' 


(4) 


s^  =  [  E  R^  -  (  E  R.)^/N]/(N  -  1),  and    (5) 
i=l      i=l 


COUNT 
N 


(6) 


where:  R.    =  value     of      the      ith     sample      run- 

count, 

N   =  number    of    sample    run-counts,    and 

COUNT  =  the  number  of  living  trees  pre- 
sent at  each  of  the  planting 
positions  closest  to  each  ran- 
domly located    point. 


Because  of  the  way  COUNT  is  obtained,  and 
because  the  total  number  of  planting  positions 
is  very  large,  the  distribution  of  COUNT  is 
approximately   binomial    with    parameters    N   and   P. 


/    N\ 

^OUNT^ 


f( COUNT) 

COUNT  =0,    I,    2, 


COUNT Q    _  p)N  -  COUNT ^ 


(7) 
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The  expected  value  of  p  is  thus  P  and  the 
variance  of  P  is 


Var(P)  =  P(l  -  P)/N. 


(8) 


On  taking  the  square  root  of  the  ratio  of 
the  approximation  to  the  theoretical  run  count 
variance  obtained  from  equation  3  by 
substitution  of  p  from  equation  (6),  and  the 
sample  estimate  of  the  runcount  variance  from 
equation  5,  an  index  (I)  or  measure  of  the 
degree  the  sample  plantation  departs  from  having 
a  constant  P  is  formed: 


=P?. 


where 


sf  =  n(l  -  p)/p2. 


(9) 


(10) 


If  the  index  I  is  greater  than  one,  P  varies 
from  location  to  location  in  the  plantation.  If 
I  is  less  than  one,  P  is  less  variable  than 
would  be  expected  when  surviving  trees  are 
randomly  distributed  to  planting  positions. 
When  I  is  exactly  equal  to  one,  then  we  may 
accept  the  hypothesis  that  surviving  trees  are 
randomly  distributed.  The  index  is  similar  to  a 
measure  of  aggregation  based  on  the  possion 
distribution  discussed  by  Pielou  (1977). 

The  index  I  provides  a  measure  of  the 
degree  to  which  a  plantation's  survival  pattern 
departs  from  the  best  expected,  but  in  itself 
the  index  I  cannot  be  used  to  decide  whether  to 
replant  or  not.  One  possible  approach  to  making 
use  of  the  index  I  for  deciding  whether  to 
replant  or  not  is  to  generate  the  distribution 
of  area  potentially  available  (APA)  ,  for  a  given 
planting  spacing,  and  estimates  of  P  and  I.  The 
APA  of  trees  considered  too  large  to  meet 
management  objectives  can  be  used  to  reduce  the 
amount  of  land  stocked .  The  growth  of  the 
remaining  stocked  area  per  acre  can  then  be 
simulated  (or  forecast)  with  a  yield  model,  and 
an  economic  analysis  applied  to  the  result  to 
determine  if  replanting  is  justified. 

To  investigate  this  method,  a  simulator  was 

written   in   FORTRAN   77   to   estimate   the 

distributions  of  APA  given  P,  I,  and  planting 

spacing.   The  program  locates  sample  points  in 

the  plantation.   At  each  sample  point  a  value  of 

P  is  selected  from  a  normal  distribution  with 

2 
mean  P  and  a  variance  S  ,  and  the  run-count  and 

APA  is  obtained  for  the  point.   When  sufficient 

points  have  been  sampled,  I  is  calculated  and 

compared  with  the  desired  I.   If  the  simulated  I 

and  desired  I  are  the  same,  the  distribution  of 

APA  is  printed.   If  the  two  I's  do  not  match, 

the  variance  of  the  normal  distribution  is 

adjusted  and  another  run  is  performed  with  the 

process   being  iterated  until  the  I's  match. 

As  an  illustration  of  this  approach, 
suppose  a  loblolly  plantation  of  site  index  60 
on  site  prepared  land  is  sampled  at  age  3,  and 


from  the  data  we  find  the  average  spacing  of  1; 
plantation  is  7'  x  8',  the  number  of  trees 
acre   surviving   is   300,   the   proportion 
planting  positions  with  living  trees  is  .38 
and  the  index  I  is  6.5.   The  distribution  of  . 
calculated   by   the   FORTRAN   program   for   | 
conditions  is  in  Table  1. 

Assuming   that   any   tree   that   will 
exhibit  crown  closure  before  reaching  a  DBH 
6.5  inches  will  be  low  value  material  unsuita 
for  our  management  objectives,  we  can  treat 
areas  of   trees  having  APA  greater  than 
square  feet  as  unstocked.—   That  is,  we  w^f 
have  from  Table  1  approximately  on  the  avera;i 

1 

180*32.2   +  200*16.6   +  220*5.6   +  240*3.4  f| 

+  260*2.0  +   280*1.0  +  300*0,8  +   320*0. U 

=  12,500  square   feet 

of  unstocked  area  per  acre,  and 

300  -  32.2  -  16.8  -  5.6  -  3.4  -  2.0  -  1. 

-  .8  -  .8  =  237  trees 

growing  on  a  stocked  area  per  acre  of 

43,560  -   12,500   =  31,060   square   feet. 

The  growth  of  this  stand  can  be  forecast  as  '  l:||; 
of  a   stand  with 

jj^'q^q  *  237   =  322  trees  per  acre, 

and      predicted     yield     can     then     be     reduced  h 

14^*100  =  28.7%  j 

to  approximate  the  expected  yields  of  the  s-d 
per  acre.  The  assumption  here  is  that  ve -k 
ignore   the   yield  of  the  trees  having  1  je 

APA's.  I 

t 

Performing  this  yield  estimation  opera  :;ii 
using  a  loblolly  pine  simulator  developec  jy 
Matney  and  Sullivan  (1982),  and  modified  [o 
predict  the  yields  of  loblolly  pine  on  cut)jr 
sites,  the  expected  yield  with  thinning  at  le 
20  is  in  Table  2  and  Table  3. 


With  a  site  preparation  and  planting  :t 
of  $120  per  acre,  a  cost  of  $60  per  acre  at 
7  for  brush  control,  an  interest  rate  of  132 
stumpage  prices  of  $17  per  cunit,  and  $170 
MBF  doyle,  the  net  present  value  (NPV)  of 
stand  harvested  at  age  35  is  -$98.81.  At 
interest  rate  we  can  certainly  not  affor 
grow  trees,  but  will  replanting  improve  thj 3 


3/ 

—  The  open  grown  crown  area  of  the  6.5"  tret 

approximated  using  the  predicted  crown  r< 3 

from  the  equation  in  Strub  1975. 
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ible  1. — Distribution  of  APA  for  a  loblolly 
pine  plantation  with  poor  survival. 


'A  Class  (ft  )    Proportion    Number  Per  Acre 


1 

56 

<  X 

<  90 

.0513 

1 

it 

)0 

<  X 

£130 

.1353 

1 

LO 

<  X 

1130 

.2033 

e 

Ml 

JO 

<  X 

1150 

.2107 

,1 

50 

<  X 

1  170 

.1907 

\ 

'0 

<  X 

1  190 

.1073 

90 

<  X 

1210 

.0560 

10 

<  X 

1230 

.0187 

30 

<  X 

1250 

.0113 

50 

<  X 

1270 

.0067 

70 

<  X 

1290 

.0033 

90 

<  X 

1310 

.0027 

X 

>  310 

.0027 

15.4 

40.6 

61.0 

63.2 

57.2 

32.2 

16.8 

5.6 

3.4 

2.0 

1.0 

.8 

.8 


'I 

|o  answer  the  question  ve  must  look  at  the  net 
resent  value  of  a  successful  replant, 
ecognizing   that   if   the   second  planting   fails  we 

Ire  in  trouble. 


So,  rerunning  the  yields  and  net  present 
alue  for  the  stand  assuming  80%  survival  and  a 
eplant  at  age  3,  the  net  present  value  is 
$171.58.  This  assumes  a  replanting  cost  of 
nly  $100  and  one  additional    thinning. 

The  conclusion  for  our  case,  since  the  NPV 
f  the  replanted  stand  is  less  than  the  NPV  of 
he  original  stand,  is  that  we  should  not 
eplant.  Indeed  with  these  NPV's  we  would  not 
ave  planted  trees.  We  did  not,  however, 
nclude  taxes,  and  other  factors  that  may  have 
onsiderable  influence  on  forest  management 
ecisions. 


Ap pr oxima t ions  of  the  numbers  of  trees  per 
'  Icre  (TPA) ,  average  spacing  between  rows  (RS) , 
Average  spacing  between  planting  positions 
'yithin  rows  (CSp)  and  the  average^  spacing 
'between  living  trees  within  rows  (CS  ) ;  and 
their  variance  [Var(.)]  are  readily  estimated 
irom  the  data.  These  estimators  are  listed 
jpelow: 


N 
;PA  =    (    E  TPA.)/N 
i=l        ^ 


(11) 


—  ^2^2 

VAR(TPA)    =    [Z     TPA:   -    (Z     TPA.)^/N] /(N)  (N  -   1) 

i=l        ^  i=l        ^ 


(12) 


RS  =  ^   [     E  (WSi  +  WE^)^ 
i=l 


N 


-    [Z      (WS      +   WE    )]'']/N   /(4)(N)(N  -   1) 
i=l 


CSp   =    (Z     L./R.)/N 
i=l 


VAR(CSp)    =    [  Z      (L./R^)' 
i=l 


-    (     SL./R.)^/N]/(N)(N  -    1) 
i=l 


CS^=i[E     L,]/N 
x=l 


(13) 


(14) 


(15) 


(16) 


-_  1  N  N 

VAR(CS,  )    =^[Z     Lt   -    (E     L.)/N]/(N)(N-1)       (17) 
^  n^      i=l    ^  i=l    "■ 


In   these   equations, 


TPA.    =    (2)(43560)(n)/[(WSi  +  WE.)L.  ]  , 

WS  =  distance  (feet)  between  midpoints  to 
adjacent  rows  at  the  ith  sample 
point  and  at  the  start  of  the  run, 

WE  =  same  as  WS .  except  the  measurement 
is  taken  at  the  end,  of  the  run,  and 


L.  =  length  of  run  in  feet. 


FIELD  TEST 

Field  testing  of  the  method  was  conducted 
to  primarily  determine  if  the  technique  would 
give  a  good  estimate  of  numbers  of  surviving 
trees  per  acre  and  to  evaluate  the  amount  of 
field  time  required  to  sample  a  plantation. 
Four  hand  planted  loblolly  pine  plantations  were 
selected  for  sampling,  ranging  from  1  to  4  years 
old.  In  each  plantation  50  run  count  plots  and 
50  one-hundredth  acre  count  plots  were 
established  randomly.  The  run  count  length  (n) 
used  for  each  plantation  was  10. 

Comparison  of  the  number  of  trees  estimated 
by  the  two  methods  using  a  two  sample  t  test 
resulted  in  no  significant  differences  even  at 
the  .30  level.  Examination  of  the  differences 
between  estimates  also  showed  no  consistent 
under-  or  over— estimation  by  the  method. 
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Table  2. — Adjusted  yields  for  a  loblolly  pine  plantation  with  poor  survival. 


Standing  Volumes  After  Thinning 

Pulpwood       Chip  &  Saw  Veneer 

Age    ft-^  (ib)      Doyle  bd .  ft.      Doyle  bd .  ft. 


Volume  Removed  in  Thinning 


Pulpwood 
ft3  (ib) 


Chip  &  Saw 
Doyle  bd.  ft. 


Veneer 
Doyle  bd.  fi' 


15 

235 

20 

98 

25 

79 

30 

72 

35 

65 

859 
911 
985 
951 
1018 


35 

514 
1697 
3011 
3840 


110 


675 


489 


Table  3. — ^Yields  for  a  loblolly  pine  plantation  with  better  than  average  survival. 


Standing  Volumes  After  Thinning 


Volume  Removed  in  Thinning 


Age 

Pulpwood 
ft^  (ib) 

15 

821 

17 

433 

20 

382 

23 

329 

25 

160 

30 

141 

35 

124 

Chip  &  Saw 
Doyle  bd.  ft. 


Veneer 
Doyle  bd.  ft. 


Pulpwood 
ft^    (ib) 


Chip  &    Saw 
Doyle   bd.    ft. 


Veneer 
Doyle  bd.    f-fi 


595 
613 
1302 
1658 
1244 
1414 
1531 


0 
I 

265 

735 

872 

2434 

3606 


406 


556 


151 


623 


262 


The  time  required  for  the  run  count  method 
was  greater  than  for  the  plot  count  method,  by 
about  10%.  This  could  have  been  reversed 
however  if  we  had  used  a  shorter  run  count 
length. 

Example  Computations 

The  run  count  data  for  a  hand  planted 
three-year-old  loblolly  pine  plantation  shown  in 
Table  4  will  be  used  to  demonstrate  the 
computations  involved  with  the  run  count 
method. 

An  estimate  of  the  negative  binomial 
parameter  P  is  calculated  from  the  status  column 
of  Table  4. 

_   Count   of  Living  Trees   Present   _   31  -.^^ 

P  N  40   ~    -"^ 

This  estimate  of  P  has  an  estimated  variance  and 
a  large  sample  95  percent  confidence  interval, 
respectively  of: 


Var(p)    =   p(l    -  p)/[N(N  -   1)] 

=    (.775)(.225)/[(40)(39)]    =   .011 

and 

CI95:      p  ±    (t)^VAR(p)    =   .775  ±    (2.020)  (.1049) 

=   .775   ±   .2119 

where  t   is   the  value    from  Students-t    table  for 
two-tailed   test  at   the    .05    level   with  N  -  1  = 
degrees  of   freedom. 

Under  the  hypothesis  that  living  trees 
randomly  distributed  in  planting  positions, 
variance     of     the    run    count    would    be     equal 


2   _   n(l   -  p) 

^  2 

P 


which  is  approximately  equal  to 
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T)le  4, — ^Run  count  data  for  a  three  year  old  loblolly  pine  plantation  on  a  cutover  prepared  site. 
living  trees  in  each  run  count  was  fixed  at  10. 


The 


int  (i) 


1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 


First  Tree   . 
Status  (S.)- 


P 
P 
P 
P 

P 

P 
P 
P 
P 
P 

P 
P 
P 
M 
P 

P 
M 
P 
P 
P 

P 
M 
P 
M 
P 

M 
P 
M 
M 
M 

M 
P 
P 
P 
P 

P 
P 
P 
P 
P 


Run  Length 

Run  Count 

In  feet 

a^) 

In  Number  (R.) 

103 

14 

112 

15 

265 

18 

115 

^ 

89 

10 

103 

13 

105 

14 

104 

13 

139 

17 

91 

12 

159 

20 

119 

16 

144 

19 

129 

15 

141 

16 

175 

19 

276 

25 

236 

26 

126 

15 

92 

11 

184 

18 

301 

31 

87 

13 

100 

13 

136 

16 

141 

18 

121 

16 

90 

12 

376 

50 

155 

21 

300 

50 

139 

23 

99 

16 

118 

19 

113 

18 

166 

27 

189 

31 

178 

19 

94 

16 

132 

21 

Distances  Between 
Midpoints  to  Adjacent  Rows 

At  End  (WE.) 


At  Beginnng  (WS . ) 


9.1 
9.4 
9,5 
9.4 
9.1 

8.0 
8.5 
9.6 
8.0 
8.2 

10.8 
9.1 
9.9 
9.3 
8.6 

8.7 
9.2 
11.1 
8.7 
9.1 

10.0 
10.8 
10.0 
10.3 
10.4 

9.7 
10.2 

8.7 
10.5 

9.2 

8.0 
9.8 
9.1 
10.5 
9.3 

10.7 
12.1 

9.0 
11.8 

7.4 


9.4 
9.5 
9.4 
9.1 
8.0 

8.5 
9.6 
8.0 
8.1 
8.6 

9.1 
9.9 
7.5 
8.3 
7.5 

10.5 
9.7 
8.2 
9.1 
8.4 

10.9 
10.0 
10.3 
10.4 
9.7 

10.2 
8.7 

10.5 
9.3 

10.3 

8.3 
9.2 

10.4 
9.3 

10.1 

12.1 
8.4 

12.4 
7.4 

10.2 


jStatus  of  planting  position  closest  to  random  point.   If 
the  position  a  dead  tree  is  present  or  no  tree  is  present. 


5.  =  P  a  living  tree  is  present  and  if  S.  =  M 
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s2  =  n(l  -  p)  =  10(1  -  .775)  =  3  75 

^      p2         (.755)2 

on  substitution  of   p  for  P  in  equation  3. 

2 
On  the  other  hand  the  estimate  of  S   from 

actual  runcounts  taken  in  the  field  is  obtained 

from  the  runcount  column  in  Table  4  and  equation 

4. 

s^  =  [14^  +  15^  +  .  .  .  +  21^  -  (14  +  15 

+   .    .    .    21)2/40]/39  =  76.7639 

2  2 

Taking    the    square    root    of    the  ratio  of   S.    to  s 

forms    the    index    I,    which    measures   the  degree   to 

which     the    actual     plantation's     surviving     trees 

depart      from     a     random     allocation     to     planting 

position. 


I   =Js'/S 


2/c2         /76.7639 


=y 


3.75 


4.52 


The     required     estimate     of     the     number     of 
trees    per    acre    and    its    variance    are    given  by: 

TPA  =    [457.2   +  411.6   +    ...    +  375,0]/40 

=  355  trees  per  acre,   and 

VAR(fPA)   =    [457. 2^   +  411. 6^  +    ...    +  375. 0^ 

-    (452.2  +  411,6  +    ... 

+  375.0)2/40]/(40)(39)  =123,21 

,2 


[trees  per  acre]' 


where 


TPA^  =  457,2  =  (2)(43560)(10)/[(9.1  +  9.4)103] 
trees  per  acre, 

TPA2  =  411.6  =  (2)(43560)(10)/[(9.4  +  9.5)112] 
trees  per  acre. 


TPA 


40 


375.0   =   (2)(43560)(10)/[(7.4  +   10.2) 
(132)]    trees   per  acre. 


A  95  percent  confidence  interval  on  the 
number  of  surviving  trees  per  acre  can  thus  be 
expressed. 

CI95:      TPA  ±    (t)'|VAR(TPA)    =   355  ±    (2.020)  (19.48) 

=  355   ±  39.4   trees  per 
acre 

In    a    similar    manner    the    average,    variance 

of      the     average,      and      95      percent confidence 

intervals   for  spacing  between  ROWS    (RS) ,   spacing 
between    planting    positions    within    ROWS     (CSp) , 


and     spacing     between    living     trees    within    roi  j 
(CS, )    can  be  calculated  as   follows: 

RS 
RS  =  j[(9.1  +   9.4)    +   (9.4  +   9.5)    +    ... 

+    (7.4   +   10.5)]/40   =   9.6   ft. 
VAR(RS)    =    [(9.1   +   9.4)2   ^    ^^ j^  ^   ^   3^2   +      _ 
+    (7.4   +   10.5)2   -    [(9.1   +   9.4) 
+    (9.4  +   9.5)    ...   +    (7.4   +  10.5)]2/ 
^0/](/4)(/»o)(39)   =  .^S  ft^. 


CI95:      RS   ±    (t)^VAR(K5)    =   9.6   ±    (2.020)    (.69) 

=   9.6   ±   1,4    feet 

csl. 


CSp  =    (103/14   +  112/15  +    ...    +  40/21)/40 


|(«i^ 

,>]il. 


J* 


=  7,99   ft. 
^P^ 


Var(CS   )   =    [[(103/44)2   +    (112/15)2  +    ... 


+    (40/21)^]    -    [103/14   +   112/15   +    ,. 
+  40/21]2/40]]/(40)(39)    =   ,07   ft^ 


CI95:      CSp   ±   t4vAR(CSp)    =  7,99  +    (2,020)(,27) 


=  7.99  ±   ,54   ft. 


CS, 


CSl  =  Yo    (103   +  112  + 


+  132) /40  =   15,1   ft. 


VAR(CSj^)   =    [(103/14)"^   +    (112/15)"^  +    ,,, 

+    (40/21)2  -   (103/14   +  112/15  +   ,.. 
+  40/21)2/40]/[(40)(39)(100)] 
=   1.16  ft2 

CI95:     "cSj^   ±      (t)^VAR(CSj^)    =    15,1    ±    (2,020)  (I.I' 
=  15.1   ±  2.18   ft. 


DISCUSSION 

The  authors'  feel  the  run-count  method  f <  t 
sampling  sur^/ival  adequacy  of  young  plantatiois 
presented  in  the  paper,  has  great  potential  as  a 
technique  for  making  the  decision  between  t)  £ 
two  alternatives  of  replant  or  don't  replan'. 
Refinements  and  additional  field  testing  of  tl  e 
procedure  are  necessary  by  users  of  this  meth(^ 
to  tailor  it  to  their  own  management  objectlv«s 
and  economic  situation. 
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The  advantages  of  the  method  are  that  it  is 
>aiy  to  implement  in  the  field,  it  is  readily 
srigrammable  for  small  computers,  and  it  is 
inlnable  to  establishing  objective  decision 
:iteria  to  answer  the  important  questions  of 
rf-ther      a       plantation      should       be      replanted. 


The  main  disadvantage  of  the  method  is  that 
can  only  be  applied  in  plantations  with 
rdsonable  row  integrity.  A  method  based  on 
:(;posite  binomial  distributions  that  overcomes 
:l  need  for  row  integrity  is  now  being 
Liestigated  by  the  authors. 
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MACHINE  APPLICATION  OF  HERBICIDES  FOR  HARDWOOD  SPROUT 
CONTROL—A  CONCEPT^^' 


3/ 


Clyde  G.  Vidrine^' 


Abstract.   A  method  for  selectively  applying  herbicides 
to  the  stump  of  undesirable  hardwoods  for  sprout  control  com- 
bined with  the  operation  of  a  feller-buncher  is  presented. 
Potential  advantages  of  the  proposed  system  result  from  the 
herbicide  being  applied  only  to  the  stump  surface  and  at  the 
time  period  when  an  application  is  most  effective.   The 
amount  of  herbicide  required  for  sprout  control  is  thus 
minimized,  the  need  for  subsequent  aerial  spray  applications 
to  suppress  hardwood  growth  may  be  eliminated,  and  the  in- 
tensity of  mechanical  site  preparation  for  reforestation  may 
be  reduced.   Results  from  short  term  observation  of  a  feller- 
buncher  equipped  with  a  spray  system  indicate  additional  time 
requirement  for  spraying  of  about  5  seconds  per  stem. 


INTRODUCTION 

Site  preparation  for  reforestation  is  a 
major  expense  in  the  forest  management  practice 
Mechanical  site  preparation  by  conventional 
methods  is  accomplished  by  shearing,  windrowing, 
or  chopping  and  burning.   According  to  Johnson 
(1977),  site  preparation  is  the  most  costly  item 
in  forest  management  practice.   Diesel  fuel 
consumption  alone  has  been  reported  to  average 
15.2  gallons  per  acre  to  prepare  and  plant 
harvested  land  (APA,  1978). 

With  increasing  fuel  prices,  there  has 
been  growing  interest  in  using  whole  tree 
chippers  to  convert  undesirable  timber  into  fuel. 
This  is  advantageous  since  undesirable  trees 
are  removed  and  the  site  is  left  clean  for 
reforestation  purposes,  thus  eliminating  some  of 
the  conventional  site  preparation  operations. 
The  hardwoods  are  commonly  harvested  by  a  feller- 
buncher  and  soil  is  less  disturbed  in  relation  to 


mechanical  site  properties.   Terry  and        f 
Campbell  (1981)  have  stated  that  severe  erosit  i 
and  environmental  problems  may  develop  from 
conventional  site  preparation. 

In  the  early  stages  of  pine  growth  in 
chip  harvest  areas,  competition  from  hardwood 
sprouts  has  often  been  observed  to  be  more 
severe  than  on  areas  prepared  conventionally. 
Smith  (1979)  reported  hardwood  stems  of  stump 
sprout  origin  in  non-herbicide  treated  sites 
amounted  to  40  to  50%  of  the  stand  population 
in  even-aged  managed  hardwood  stands  while  in 
herbicide  treated  sites  stems  of  sprout  origii 
accounted  for  15  to  20%  of  the  population.    j 
Studies  show  that  stump  treatment  with  herbicii' 
can  provide  an  effective  and  inexpensive  means 
of  controlling  sprouting,  and  that  treatment 
at  harvest  reduces  the  expense  of  eliminating 
sprouting  (Lewis  et  al.,  1984).   In  the  Lewis  , 
study,  stump  sprout  control  of  up  to  96%  was   | 
achieved  using  the  herbicide  Picloram. 
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A  spray  system  mounted  on  the  feller- 
buncher  could  effectively  apply  a  prescribed 
amount  of  herbicide  to  each  stump  as  each  hare - 
wood  stem  was  harvested.   For  herbicides  to 
be  used  for  stump  application,  it  is  required 
that  application  be  made  shortly  after  cutting. 
Applying  herbicides  only  to  the  cut  stump 
surface  would  minimize  the  quantity  of  herbicii 
required,  reducing  both  expense  and  potential 
environmental  pollution.   Herbicides  listed  f c : 
hardwood  sprout  control  include  Picloram  +  2,0 
2,4D  ester  +  2,4-DP  ester,  and  Dicamba  (USDA, 
1983). 
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OBJECTIVES 
The  objectives   of    this   study  were    to: 

(1)  Design  a  spray   system   to  be   mounted 
on  a   feller-buncher   for   immediate 
herbicide   application   to    the 
sheared   stump. 

(2)  Evaluate   spray   equipment  per- 
formance . 

(3)  Determine   added    time   required   for 
spraying. 

(4)  Determine   limitations   of    the   system. 

SYSTEM  DESIGN 


The  design  of    the   spray   system  included 
jmpnent  selection,    design  and    fabrication  of 
reactive  shields   and  housings,    and   the 
>l;tion  of   mounting   locations    for   the   components 
1  le   feller-buncher . 


Major   components   selected   for    the   spray 
;m  included  a   reservoir,    a   solenoid  operated 
alii,   a  spray  nozzle,    a  surge    tank,    hose,    and 

paip .      The  herbicide   reservoir  was  a   5   gallon, 
jckngularly  shaped,    fuel   can.      The   solenoid 
lip  used   to  control    the   spray   application  was   a 
/po  model   2525*  with   an  accompanying   remote 
Jorol,    single-pole   single-throw    (SPST), 
)rilly  off,    push  button  switch.      The   spray 
Dzie  chosen  was   made   of  hardened  stainless 
teL,   produced   a  60   degree    full   cone   spray 
it;rn,    and  was   complete  with   a  drip  proof   check 
al^ .      It  was    rated   for  0.57   gpm  at  40  psig 
re,3ure.      A  Hypro   model   3375-0003   surge    tank  was 
361  in  the   spray   system   to   reduce  pump   cycling 
idireduce   system  pressure   drop   during  spraying, 
letank  was   rated   for  a  maximum  pressure   of 
)03sig  and  was   approximately   10   inches    tall   and 

i|;hes   in  diameter.      The  hose   used   for   the 
/sfem  was    3/8   inch   ID,    type   EPDM  and   capable   of 
Lt'Standing  pressures   of   200   psig.      The   sprayer 
im!  selected  was   a   Shurflo   model   2123-09-922-14, 
La'iram  type  pump   powered  by   a   12  volt   dc,    self- 
^niined  motor.      It  had  built-in  pressure 
*i:hes  which  kept  pump   operation  between  40  psi^ 
idpO  psig.      An  on-off,    SPST   toggle   switch  was 
for  system  start-up. 

An  enclosure   to  protect    the  pump   and 
Jlioid  valve  was   constructed  out  of   6   x  4   x 
/Ij  inch  steel  angle.      The   dimensions   of    the 
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The  use  of  trade  names  in  this  paper 
not  imply  endorsement  of  the  products  named, 
criticism  of  similar  ones  not  mentioned. 


housing  was  16  x  8  x  6  3/4  inches.   The  surge 
tank  was  mounted  on  the  outside  of  the  housing 
because  of  the  tank's  size  and  durability. 
The  plumbing  for  the  system  was  fixed  to  the 
sturdy  housing  to  provide  strain  relief  should 
any  external  hoses  become  snagged  and  pulled. 
This  protected  the  pump  and  solenoid  valve 
ports.   Strain  relief  connections  were  also 
provided  for  the  electrical  wiring,  with 
barrier  strip  terminals  fixed  to  the  housing. 
With  the  pump  and  solenoid  valve  secured  inside 
the  housing  and  the  surge  tank  mounted  outside, 
the  as'sembly  provided  a  convenient  package  for 
easy  mounting  on  the  feller-buncher. 

A  bracket  was  fabricated  out  of 
3  x  2  x  3/16  steel  angle  for  mounting  the  nozzle. 
A  shield  was  made  to  protect  the  nozzle  and 
bracket. 

A  cradle  was  fabricated  out  of  2  x  2 
X  1/8  steel  angle  for  carrying  and  mounting  the 
herbicide  reservoir  to  the  tractor.   A  quick-attach 
coupling  was  installed  on  the  bottom  of  the  reser- 
voir for  easy  detachment  of  the  hose  from  the  reser- 
voir to  the  pump  inlet.   This  gave  the  option  of 
removing  the  reservoir  from  the  tractor  mounted 
position  for  easy  filling.   A  schematic  diagram  of 
the  components  is  shown  in  Figure  1. 


16  GA. 
ELECTRICAL 
LINES 


FIGURE  1.   HERBICIDE  SPRAY  SYSTEM  SCHEMATIC. 
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Proper  placement  of  components  on  the 
feller-buncher  was  necessary  to  ensure  pro- 
tection from  limbs  and  snags,  avoid  mechanical 
interference  with  the  harvesting  operation, 
effectively  apply  herbicide  to  the  stump  with 
minimum  increased  operation  time,  and  allow 
adequate  observation. 

The  nozzle  was  installed  at  the  back  of 
the  shear  head  on  the  main  structural  beam. 
This  placed  the  nozzle  approximately  1-2  feet 
behind  the  tree  that  was  in  shearing  position. 
The  nozzle  was  positioned  at  an  angle  so  that 
the  spray  area  would  cover  the  stump  with 
minimum  extra  lifting  or  tilting  of  the  feller- 
buncher  head.   The  nozzle  was  positioned  above 
the  bottom  of  the  shear  to  keep  it  free  from 
soil  and  debris,  since  trees  are  often  sheared 
at  ground  level.   The  positioning  of  the 
nozzle  behind  the  shear  also  kept  the  nozzle  and 
hose  away  from  the  mechanical  action  of  the 
shear.   The  nozzle  was  well  protected  from  limbs 
and  trees  because  of  its  location  and  shield. 

The  external  hoses  and  electrical  wires 
for  the  system  were  tied  in  with  the  feller- 
buncher  hydraulic  lines  along  the  inside  of 
the  feller-buncher  lift  arms  for  protection. 

The  pump  and  solenoid  valve  enclosed 
in  a  framed  housing  was  between  the  feller- 
buncher  lift  arms  and  behind  a  structural 
circular  beam  located  between  the  operator  and 
the  nozzle.   The  housing,  located  within  the 
framework  of  the  harvesting  machine, was  protected 
from  the  working  environment.    The  housing 
and  surge  tank  were  in  full  view  ot  the 
operator  but  did  not  interfere  with  vision 
required  for  normal  harvesting  operations. 


shear  was  lifted  and  tilted  to  point  the  noz:'! 
at  the  stump,  and  the  remote  control  push  bu  I'n 
switch  was  pressed  for  1-2  seconds  for  suf  f i  I'nt 
spray  application  to  the  stump. 


The  system  components  operated  satis- 
factorily.  The  volume  of  spray  delivered  in 
seconds  at  40-60  psig  appeared  sufficient  fo 
wetting  the  stump  and  was  adequate  for  the  s 
pattern.   The  added  operational  time  to  posl 
the  nozzle  and  spray  the  stump  was  small  (ab 
3-5  seconds),  particularly  as  the  operator  b 
comes  familiar  with  the  proper  technique  for 
effective  application.   The  higher  the  shear 
raised,  the  larger  the  area  of  application, 
the  less  concentrated  the  spray  droplets  war 
At  a  level  of  2  feet  above  the  stump,  the 
spray  area  was  more  than  enough  to  cover  10 
diameter  stumps,  and  the  amount  of  spray  coEi 
tacting  the  stump  appeared  adequate.   Stumps- 
sheared  at  ground  level  often  had  debris  thi. 
on  them  by  the  shearing  action.   This  interf 
with  proper  stump  wetting  and  complete  appll 
Cutting  the  trees  2-4  inches  above  ground  re 
the  severity  of  that  problem. 


i 


No  problems  developed  with  regard  to 
component  mounting  and  placement  during  the  .mt 
term  test.   All  components  were  well  protects!  i 
from  the  environment. 

The  overall  observation  time  was  about.! 
3  hours  and  only  approximately  2  gallons  of  i 
solution  were  used  in  harvesting  more  than  ]'. 
trees.  The  positioning  of  the  nozzle  and  tlii 
spray  application  time  added  little  to  total 
production  time.  The  system  was  very  effecl: 
at  consistently  and  thoroughly  wetting  the 
entire  stump. 


The  reservoir  was  mounted  in  the  front 
of  and  below  the  cab  and  operator's  vision. 
It  was  mounted  on  the  tractor,  between  the 
feller-buncher  lift  for  protection,  and  in  a 
position  above  the  pump,  giving  the  herbicide  a 
a  pressure  head  and  permitting  gravity  flow  to 
the  pump  inlet,  which  eliminated  potential 
pump  starvation  problems. 

The  remote  control  push  button  switch 
for  the  solenoid  valve  and  the  toggle  switch  for 
system  start  up  and  shut  down  were  located  in 
the  cab  -  to  the  front  and  right  of  the 
operator  for  easy  access. 


RESULTS  AND  DISCUSSION 

With  the  spray  system  mounted  on  a 
feller-buncher,  a  harvest  operation  was  observed. 
A  dyed-water  solution  was  used  to  see  the  area 
of  spray  application  and  effectiveness  of  the 
system. 

The  operator  manuevered  the  tractor  into 
position  for  cutting,  the  tree  was  sheared,  the 


SUMMARY  AND  CONCLUSION 

A  feller-buncher  mounted  spray  system 
may  help  to  reduce  site  preparation  costs  in  jiip 
harvested  sites.   It  is  felt  that  sprout  coiiIdI 
can  be  accomplished  by  the  combined  shearinjifj 
spraying  operation.   In  limited  tests  with  ;  ' 
feller-buncher  equipped  with  a  spray  system 
stump  surfaces  were  consistently  wetted  by  I 
sprayer  and  system  operation  was  simple.   Tl  (| 
harvesting  production  time  was  delayed  only  ''out 
5  seconds  per  cycle  with  the  addition  of  th 
spraying  process  .   Component  selection  and 
placement  on  the  feller-buncher  were  adequa  « 
Ttie  items  were  well  protected  from  the 
environment  and  free  from  mechanical  interf-  : 
with  the  machine. 


As  fuel  chip  use  becomes  more  popular 
the  added  advantages  from  combined  harvesti 
herbicide  stump  application  operations  with 
feller-buncher  mounted  spray  system  may  bee  i 
even  more  apparent.  The  system  could  be  a 
option  for  clearing  and  preparing  sites  for 
reforestation  and  may  reduce  expenses  requi 
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^conventional   site  preparation  methods.      Also, 
-ce  often   times   an  area  is  harvested  and  a 
(iod  of    time   allowed    to   elapse    for  sufficient 

outing   to  occur   for  burning,    this   sprout 
ctrol  method  may   allow  pine    to  be  planted 

ner. 
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DIRECT  SEEDING  VERSUS  PLANTING  FOR  ESTABLISHMENT 
OF  PINES  ON  WEST  FLORIDA  SANDHILLS  -'' 
Kenneth  W.  Outcalt  - 


Abstract. — Survival  and  growth  of  direct -seeded 
longleaf,  slash,  and  Choctawhatchee  sand  pines  were  com- 
pared with  that  of  nursery-grown  1-0  seedlings  on  a  typi- 
cal sandhills  site.  Nursery  seedlings  of  all  species 
grew  faster  initially,  but  by  age  8  growth  rates  were 
similar  for  trees  on  both  planted  and  seeded  areas. 
Trees  on  the  planted  areas,  however,  are  still  signifi- 
cantly larger  than  those  on  seeded  areas  because  of  the 
advantage  gained  in  the  early  years.  Direct-seeded  slash 
and  longleaf  pine  plots  are  now  understocked  and,  because 
of  mortality  from  brown-spot  needle  blight,  planted  long- 
leaf  plots  are  also  poorly  stocked.  Planted  slash  pine 
plots  are  fairly  well -stocked  but  growth  rates  have  been 
poor.  Sand  pine  had  the  best  rate  of  growth  and  was  the 
only  species  successfully  established  by  direct  seeding. 


INTRODUCTION 

About  8  million  acres  of  sandhills  are  scat- 
tered throughout  the  southeastern  coastal  plain 
of  the  United  States.  These  marine  deposits 
from  the  Pleistocene  epoch  are  an  important 
physiographic  feature  of  central  and  northwest 
Florida.  They  also  occupy  significant  areas  of 
Georgia,  South  Carolina,  and  North  Carolina  in 
the  transition  zone  between  the  upper  coastal 
plain  and  the  piedmont  (Burns  and  Hebb  1972). 
Sandhills  soils  are  typically  acid,  infertile, 
and  droughty.  Because  of  sorting  action  during 
deposition  they  are  largely  quartz  sands,  rang- 
ing from  a  few  feet  to  more  than  20  feet  deep. 

The  sandhills  were  once  dominated  by  rela- 
tively open  stands  of  longleaf  pine  (Pinus  pal- 
ustris  Mill.)  but  only  scattered  patches  and 
isolated  trees  remain.  Most  sites  were  claimed 
by  a  scrub  oak-wi regrass  understory  following 
removal  of  the  longleaf  in  the  early  1900's. 
This  scrub  vegetation  is  principally  turkey 
(Quercus  laevis  Walt.),  bluejack  (Q.  incana 
Bartr.) ,  and  sandpost  (Q.  stellata  var.  margar- 
etta  (Ashe)  Sarg.)  oaks,  and  wi regrass  (Aristida 
stricta  Michx.) , 
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The  Chipola  Experimental  Forest  was  e  f)- 
lished  in  northwest  Florida  by  the  USDA  F  fst 
Service  in  the  early  1950 's  to  develop  me'ftiJs 
for  making  sandhills  more  productive  f  <5t 
sites.  Initial  observations  indicated  that  i- 
rect  seeding  might  be  used  to  establish  |ie 
plantations  on  these  areas.  Direct  seediils 
cheaper  than  planting  nursery-grown  seedl  j>. 
The  objective  of  this  study  was  to  compan  ne 
survival  and  growth  of  direct-seeded  long  |f, 
slash  (P^.  elliotti  i  Engelm.),  and  Choctawhap 
sand  (£.  clausa  var.  immuginata  Ward)  pines  Vjth 
nursery-grown  1-0  transplants  on  site-preit^Jd 
scrub  oak  sandhills. 

METHODS 

Study  Site 

The  study  site  is  1.3  miles  west  of  le 
Chipola  Experimental  Forest  headquarters  (NI'M 
of  Sec.  5,  T  1  S,  R  10  W)  in  Calhoun  Coir/, 
Fla.  The  soil  is  a  typical  droughty,  deep  nd 
of  the  Lakeland  series.  The  site  was  burnicin 
May,  chopped  in  July,  and  rechopped  in  Ai  <5t 
1958.  Plots  established  in  1963  were  disk<c 
November  1962;  plots  established  in  1964  v 
disked  in  November  1963. 


Experimental  Design 

A  randomized  block,  split-plot  design  v 
treatments  replicated  over  time  included 
blocks  with  12  plots  within  each.  Within  ( 
block,  species  were  randomly  assigned  to  a  ( f 
of  four  plots,  i.e.,  the  main  plots.  These  ' 
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s  were  randomly  selected  for  direct  sowing 
)lanting,  two  in  1963  and  two  in  1964.  Plots 
16  by  200  feet  and  contained  50  seed  spots 
ransplants,  two  rows  of  25  each. 


Establishment 

Seeds  were  collected  from  natural  stands  of 
Oijileaf  and  slash  pine  on  the  Chipola  Experi- 
eial  Forest  in  the  fall  of  1960.  Sand  pine 
eiis  were  collected  on  the  Eglin  Air  Force  Res- 
rition  in  the  fall  of  1961.  Germination  aver- 
gii  about  70  percent  in  tests  of  all  seed  lots 
ejire  and  after  study  establishment. 

A  repellent  coating  of  Arasan®  and  endrin 
3' applied  to  direct-sowed  seeds.  Twelve  seeds 
e'  sowed  at  each  seed  spot  with  spots  at  an  8- 
yJ-foot  spacing.  Seeds  were  covered  with  1/4 
o»/8  inch  of  soil  and  a  hardware  mesh  cone  was 
1  :;ed  over  the  seed  spot  for  protection  from 
riilators.  Some  type  of  seed  protection  is  nec- 
sijry  on  small  areas  cleared  in  scrub  oak 
i lis  but  would  not  be  required  on  larger  oper- 
t)nal-scale  areas.  One  year  after  sowing,  the 
Qits  were  removed  and  all  but  the  largest  seed- 
ii  was  removed  from  spots  with  multiple 
ellings. 


jSeedling  stock  was  grown  in  the  Chipola  Ex- 
je  mental  Forest  Nursery.  After  1  year  in  the 
luiery,  seedlings  were  lifted  and  dibble  plant- 
idjn  the  field  at  an  8-  by  8-foot  spacing.  Di - 
•e\  seeding  and  planting  1-0  stock  was  done  in 
ej^uary  for  both  the  1963  and  1964  plots.  Fall 
iPiVinter  is  the  recommended  season  for  direct 
;o-ng  longleaf,  slash,  and  sand  pine  in  this 
irji  (Burns  and  McReynolds  1975),  but  a  February 
iif  was  used  to  coincide  with  the  date  seeds 
lip  sowed  in  the  nursery  for  the  planting 
itlk. 


Data  Collection  and  Analysis 


Heights  and  survival  were  recorded  annually 
)nill  plots  from  ages  1  to  10  years.  Tree  dia- 
ie!rs  were  measured  on  all  plots  at  age  10. 
<e,)hts  and  diameters  were  measured  on  the  sand 
)ii?  plots  only  at  20  years  of  age.  Initial 
>u[ival  for  direct-seeded  plots  was  based  on 
;hj  12  seeds  planted  at  each  seed  spot.  Survi- 
val data  after  1  year  were  based  on  the  number 
)fi)lanting  or  seed  spots.  Other  than  the  init- 
ial survival  of  direct-sowed  seedlings,  there 
*e(!  no  significant  differences  between  the  1963 

1964  plots   so  data  were  combined   for  analy- 

and  presentation. 

RESULTS  AND  DISCUSSION 

Based  on  the  12  seeds  planted  at  each  seed 
sp,. ,  survival  at  the  end  of  the  first  planting 
sej-,on  was  19,  14,  and  58  percent  for  longleaf, 
sl'.h,  and  sand  pine,  respectively,  for  the  1963 
Pljiting,  and  75,  69,  and  79  percent,  respect- 
ivy,  for  the  1964  planting.     The  difference  in 


initial  survival  was  largely  due  to  a  dry  period 
in  March  and  April  of  1963  when  total  rainfall 
for  the  2-month  period  was  less  than  2  inches. 
Even  though  survival  was  low  for  direct-seeded 
plots  in  1963,  at  least  one  seedling  survived  at 
each  planting  spot.  Thus,  all  plots  for  both 
years  were  fully  stocked  after  1  year. 

Between  ages  1  and  10,  mortality  was  rather 
high  on  the  direct-seeded  longleaf  and  slash 
pine  plots,  and  both  were  understocked  at  age  10 
(Table  1).  Plots  direct  seeded  to  sand  pine  had 
an  acceptable  density  of  325  trees  per  acre  af- 
ter 20  years.  Plots  planted  to  longleaf  were 
understocked  due  to  losses  from  brown-spot 
needle  blight  (Sci  rrhia  acicola  (Dearn.)  Sig- 
gers).  Planted  slash  and  sand  pine  each  had 
more  than  80  percent  survival   after  10  years. 


Table  1.--  Stocking  and  growth  of  direct-seeded  and 
planted  longleaf,  slash,  and  sand  pines  on  a  west  Florida 
sandhills  site. 


Establishment 
method 

Stocking 

Diameter-'' 

Height 

Volume^' 

No. /acre 

Inches 

LONGLEAF  PINE 
(age  10) 

Feet 

Ft.^  /acre 

Direct  seeded 
Planted 

210 
245 

1.7 
2.5 

SLASH  PINE 
(age  10) 

3.0 
6.2 

8 
30 

Direct  seeded 
Planted 

180 
555 

1.2 
3.1 

11.5 
17.2 

28 
255 

CHOCTAWHATCHEE  SAND 
(age  10) 

PINE 

Direct  seeded 
Planted 

350 
630 

3.1 

4.7 

18.1 
24.5 

220 
1045 

CHOCTAWHATCHEE  SAND 
(age  20) 

PINE 

Direct  seeded 
Planted 

325 
625 

5.4 
6.9 

40.6 
47.8 

1100 
3450 

—  All  differences  in  growth  attributed  to  method  of  es- 
tablishment are  statistically  significant  at  the  0.05 
level . 

-  Volumes  are  for  the  entire  bole  inside  bark.  Longleaf 
and  slash  pine  volumes  are  based  on  equations  from 
Schmitt   and  Bower   (1970). 


During  the  early  years  of  the  study,  planted 
stock  grew  at  a  faster  rate  than  direct-seeded 
trees  (Fig.  1).  Since  about  age  8,  however, 
height-growth  rates  have  been  nearly  equal  for 
both  establishment  methods.  The  initial  advan- 
tage of  the  planted  trees  was  still  evident  af- 
ter 10  years,  with  planted  sand  pine  averaging 
6.4  feet  taller,  planted  slash  pine  5.7  feet 
taller,  and  planted  longleaf  pine  3.2  feet  tal- 
ler than  the  direct-seeded  trees  of  the  same 
species  (Table  1).  Average  diameters  at  age  10 
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were  also  greater  for  the  trees  established  by 
planting.  These  height  and  diameter  advantages 
of  the  planted  stock  continued  for  sand  pine 
through  age  20. 


+  Sand  pine 
▲  Slash  pine 
•  Longleaf  pine 


o 

o 

> 

< 


2         3456789        10 
Plantation  age  (yrs.) 

Figure  1.— Average  tree  heights  by  species,  age, 
and  establishment  method. 


Because  of  poor  survival  and  lower  growth 
rates,  direct-seeded  plots  produced  much  less 
wood  than  the  planted  stands  at  10  years  of  age 
(Table  1).  Plots  planted  to  longleaf  and  sand 
pine  contained  about  four  times  as  much  wood  as 
direct-seeded  plots  while  planted  slash  pine 
plots  contained  nine  times  as  much  wood  as  di- 
rect-seeded plots.  The  difference  in  volume 
between  direct-seeded  and  planted  sand  pine  had 
diminished  somewhat  by  age  20,  but  planted  plots 
were  still  superior. 

Some  of  the  observed  height  advantage  was 
because  planted  trees  were  1  year  older  than 
direct-seeded  trees.  The  height  of  direct-seeded 
trees,  however,  lagged  2  or  more  years  behind 
the  planted  stock.  Thus,  planted  trees  had  more 
than  just  an  age  advantage.  Because  of  their 
initial  height,  planted  trees  were  better  able 
to  deal  with  competing  vegetation  and  suffered 
less  growth  loss.  Because  these  sandhills  sites 
tend  to  be  infertile,  some  of  the  difference  in 
growth  was  likely  due  to  nutrients  that  the 
planted  stock  accumulated  while  in  the  nursery. 


Once  both  types  of  trees  were  above  the  comp;- 
tion  and  dilution  effects  had  mediated  the  i- 
trient  differences,  an  equalization  in  mean  i- 
nual  height  growth  would  be  expected.  Sand  ne 
height  growth  between  ages  10  and  20  aver  aid 
2.25  and  2.3  feet  per  year  on  direct-seedec  id 
planted  plots,  respectively,  while  diansjr 
growth  was  0.23  and  0.22  inches  per  year.  '  fi;, 
as  expected,  growth  rates  did  equalize.     | 
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Even  though  all  plots  were  fully  stocks 
the  end  of  the  first  growing  season,  poor  si 
ing  at  age  10  was  a  significant  problem  witi 
direct-seeded  longleaf  and  slash  pine  p 
For  longleaf  pine  this  was  primarily  becau: 
brown-spot  disease,  which  could  be  controlT 
reduce  mortality.  Seeding  rates  could  al:i 
adjusted  to  compensate  for  expected  mortai 
However,  even  when  adequate  stocking  was  ob; 
ed,  as  it  was  in  the  planted  longleaf  and 
pine  plots,  growth  rates  were  still  inferi 
that  of  sand  pine. 

CONCLUSIONS 


Choctawhatchee  sand  pine  had  the  best  cn/tl) 
in  both  direct-seeded  and  planted  plots,  hn 
would  be  expected  since  Choctawhatchee  sancKine 
has  consistently  outperformed  all  other  spsies 
tested  on  these  sandhills  sites  (Brendf'nhl 
1981).  In  addition,  sand  pine  was  the>;ilj 
tested  species  where  adequately  stocked  ;  Ns 
were  established  by  the  direct-seeding  meth;  if 
regeneration.  Even  though  successfully  <  J^ab- 
lished  by  direct  seeding,  because  of  the  Irted 
seed  supply  and  the  slower  initial  growtf  on- 
pared  with  planted  seedlings,  planting  ir  *ost 
cases  would  be  preferred.  The  only  advant  (  of 
direct  seeding  is  lower  establishment  cost  ! 
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RELATING  ROOT  GROWTH  POTENTIAL  TO  SURVIVAL  AND  GROWTH  OF  LOBLOLLY  PINE  SEEDLINGS—'' 


2/ 


Charles  R.  Venator  and  James  P.  Barnett— 


Abstract. — Loblolly  pine  seedlings  were  lifted 
monthly  from  October  1979  to  April  1980  to  determine 
any  relationships  of  root  growth  potential  to  survival 
and  height  growth.   Root  growth  potential  varied  by  the 
different  lifting  dates,  but  it  was  not  significantly 
correlated  to  field  performance.   The  best  root  growth 
was  found  when  seedlings  were  lifted  in  January, 
February,  and  March.   Seedlings  lifted  prior  to  dor- 
mancy survived  poorly  in  the  field.   The  study  found 
evidence  that  "lifting  windows"  can  be  related  to 
Improved  field  performance. 


INTRODUCTION 

Increasing  the  field  performance  of  southern 
",l'  seedlings  during  the  first  year  following 

lanting  is  one  of  the  greatest  needs  in 
,p  stry  across  the  South.   To  accomplish  this 
p'.d  lower  both  nursery  production  and  plan- 
^  on  establishment  costs.   One  means  of 
.floving  this  first-year  performance  could  be 
il determination  of  optimum  lifting  and  planting 
;|J.:S    --■--•••--  -   --  ^.-  -     -  --  .  -   -   -  -  -   .  - 
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Timeliness  of  these  events  appears  to 


uence  seedling  survival.   However,  there  is 
reneral  agreement  on  the  most  favorable  dates. 


I  I  Venator  (1985)  found  that  loblolly  pine 
illings  lifted  in  December  or  January  survived 
1  stored  better  than  those  lifted  later  in  the 
Ling  season.  Dierauf  (1978)  reported  in  a 
i.ew  of  loblolly  planting  practices  in  Virginia 
.||i:  late  winter  and  early  spring  planting  gave 
,i  er  seedling  survival  than  did  later  planting. 
li  related  paper,  Gardner  and  Dierauf  (1976) 
nd   that  loblolly  seedlings'  root  systems 
dily  increased  in  weight  through  the  winter 
h  indicates  seedlings  continue  root  growth  in 
colder  months. 


In  another  study  to  determine  the  effect  of 
jLiting  date  on  regeneration  and  development  of 
"8  of  loblolly  pine  seedlings,  Bilan  (1961) 


&,l 


(ed  and  planted  seedlings  at  2-week  intervals 
reen  November  and  March.   Seedlings  planted 
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early  grew  substantially  larger  root  systems  than 
seedlings  planted  late.   His  conclusion  was  that 
late  planted  seedlings  were  more  likely  to 
succeed  only  when  favorable  soil  moisture  con- 
ditions occurred  in  the  growing  season  that 
followed. 

In  a  recent  publication  Brissette  and 
Roberts  (1984)  studied  the  effect  of  seedling 
size  and  lifting  date  on  root  growth  potential  of 
loblolly  pine  seedlings  of  two  Arkansas  nur- 
series.  Larger  seedlings  exhibited  significantly 
more  root  regeneration  potential  than  small 
seedlings,  perhaps  because  larger  root  systems 
had  more  sites  for  root  growth  or  more  food 
reserves.   Also,  seedlings  lifted  in  November  had 
less  root  growth  potential  (RGP)  than  those 
lifted  in  January  or  March.   However,  no  sta- 
tistically significant  correlation  between  RGP 
and  field  survival  of  seedlings  was  found. 

In  this  study,  root  growth  potential  was 
related  to  field  survival  and  seedling  heights 
over  a  period  of  several  months  between  early 
fall  and  late  spring. 


■   •       METHODS 

Seedlings  were  lifted  from  a  research  nur- 
sery at  the  Alexandria  Forestry  Center.   Liftings 
were  made  near  the  first  of  each  month,  between 
October  1978  and  April  1979.   Five  plots  of  20 
seedlings  each  were  outplanted  each  month  in  a 
randomized  block  design.   All  of  the  1-0 
seedlings  were  planted  by  hand  at  a  2'  x  2' 
spacing.   Only  mycorrhlzal  seedlings  were 
outplanted.   Site  preparation  prior  to 
outplantlng  consisted  of  disking  to  minimize 
variation  due  to  competing  vegetation. 
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Root  growth  potential  measurements  were  made 
on  25  seedlings  from  each  lifting  date.   These 
were  potted  five  each  in  8-inch  plastic  pots 
filled  with  washed  sand.   The  pots  were  placed  in 
an  environmental  chamber  with  a  constant  tem- 
perature of  20°C  and  a  14-hour  light  photoperiod. 
Number  and  length  of  new  roots  exceeding  5  mm 
were  measured  after  30  days. 

The  field  survival  data  after  1  and  2  years 
were  converted  to  arcsine  ^proportion  values  for 
correlations  with  root  growth  potential. 
Seedling  heights  were  measured  to  the  nearest 
centimeter.   Correlation  coefficients  of  RGP  and 
field  performance  and  Duncan's  multiple  range 
tests  of  lifting  date  means  were  evaluated  for 
statistical  significance  at  the  0.05  level. 


RESULTS 

Root  Regeneration 

The  number  of  new  roots  ranged  from  20  per 
seedling  with  an  average  length  of  2.3  cm  to  134 
with  an  average  length  of  2.8  cm  (table  1).   Root 
regeneration  was  highest  for  the  January, 
February,  and  March  lifted  seedlings  with  the 
peak  occurring  in  February.   The  highest  RGP 
coincided  with  the  period  when  cold  hardiness  or 
dormancy  seemed  greatest. 

Average  root  length  was  quite  uniform 
regardless  of  lifting  date,  although  a  peak  did 
occur  during  January.   The  coefficient  of  deter- 
mination relating  numbers  to  length  of  new  roots 
was  0.415,  which  was  not  statistically  signifi- 
cant. 


Survival 

First-year  survival  averaged  75  percent 
more  in  only  three  plantings  (February,  Marc! 
and  April)  (table  1).  Survival  of  seedlings 
planted  in  October  averaged  only  42  percent. 
There  was  a  30-percentage  point  drop  in  over; 
survival  between  the  first  and  second  years 
the  field.  The  maximum  survival  rate  was  re.- 
by  the  March  plantings,  and  these  averaged  oi 
51  percent.  This  major  drop  in  overall  surv: 
reflected  the  severe  drought  of  1980.  Month 
rainfall  from  May  through  September  averaged 
5  inches,  compared  to  a  30-year  average  of  2 
inches  for  the  same  period. 
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Correlation  coefficients  between  RGP 
(numbers  of  new  roots)  and  survival  after  1  i  2 
years  was  0.679  and  0.611,  respectively.   On.iiW 
and  37  percent  of  the  variation  in  survival  i 
accounted  for  by  root  growth  potential.      ' 

Heights 

Seedling  heights  averaged  from  52  to  63  ia- 
timeters  after  2  years  in  the  field  (table  1 
Seedlings  planted  in  October  were  smaller  thluj 
those  planted  the  other  dates.   Heights  weren't 
significantly  related  to  RGP.   The  correlati 
coefficient  between  numbers  of  new  roots  and 
second-year  height  was  0.552. 


DISCUSSION 

The  RGP  data  indicate  that  loblolly  pin  J 
seedlings  have  a  period  during  the  lifting  sijon 


Table  1. — Root  growth  potential,  survival,  and  heights  of  loblolly  pine 


1/ 


seedlings  lifted  and  outplanted  monthly  between  October  1979  and  April  1980-- 


Height 


Lifting/planting:    Root  growth  potential   : Survival :_ 

date ;   New  roots  :  Avg.  length  ;  1st  year:  2nd  year  : 2nd  year 


October 

November 

December 

January 

February 

March 

April 


■number 

20 

a 

63 

b 

21 

a 

105 

c 

134 

c 

108 

c 

43 

ab 

cm 


2.3  be 
2.0  b 
1.5  a 
3.3  e 
2.8  d 
2.7  cd 
2.7  cd 


—percent 

42  a     27  a 


68  ab 

69  ab 
71  b 
81  b 
79  b 
75  b 


23  a 
32  a 
40  a 

42  a 
51  a 

43  a 


cm 

52  b 

61  a 

59  a 
56  a 
63  a 

62  a 

60  a 


1/   Means  within  columns  followed  by  the  same  letter  are  not  significantly 
different  at  the  0.05  level. 
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1  root  growth  is  better  than  at  other  times, 
confirms  the  recent  report  (Venator  1985) 
a  "lifting  window"  exists  for  loblolly  pine 
that  it  coincides  with  the  period  when 
siejillngs  are  considered  to  be  most  dormant. 


It  is  generally  assumed  that  RGP  is  closely 
i^ted  to  field  survival.   However,  a  statlsti- 
:iaLy  significant  relationship  between  numbers  or 
e^ths  of  new  roots  and  survival  was  not  found, 
rs  have  reported  the  same  results  (Brissette 
I'.nj  Roberts  1984).   An  even  poorer  relationship 
ixfeted  between  RGP  and  seedling  growth.   The 
ieitionship  between  RGP  and  field  performance 
old  probably  be  improved  by  more  closely 
riing  seedlings  by  morphological  charac- 
eLstics  prior  to  installation  of  a  study  com- 
allng  root  development  and  seedling 
ieiormance. 


Even  when  a  close  relation  exists  between 
and  field  performance,  climatic  conditions 
ollowing  outplanting  may  control  performance 
o|;  than  the  morphology  and  physiology  of  the 
Ihts. 
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SURVIVAL  OF  PINES  ON  DROUGHTY  SOILS: 
TWO  YEAR  RESULTS  - 

James  C.  Kroll,—  William  C.  Deauman,—  ,  C.  Darwin  Foster,-  , 

2/  2/ 

David  L.  Kulhavey,—  and  David  Tracej>— 


Abstract. — Three  species  of  pines  (loblolly,  slash  and  longleaf) 
were  planted  with  four  treatments  (loblolly  and  slash  =  bareroot,  clay 
dip  slurry  and  Terrasorly^;  longleaf  =  containerized)  to  test  survival  on 
droughty,  typic  quartzipsamments  soils.   At  the  end  of  the  first  season, 
survival  juas  significantly  better  for  the  containerized  longleaf  and 
Terrasorb^  treated  loblolly  pine  (81  and  85%)  followed  by  untreated 
loblolly  pine  (51%),  clay-treated  loblolly  (50%),  then  Terrasorb 
treated  slash  (48%),  untreated  slash  (41%)  and  clay-treated  slash  (36%). 
At  the  end.  of  the  second  growing  season,  longleaf  had  56%  survival, 
Terrasorl^  treated  loblolly  (51%),  clay-dip  slurry  loblolly  (31.9%), 
TerrasorU^  treated  slash  (21%),  untreated  loblolly  pine  (20%)  and 
clay-treated  slash  and  untreated  slash  (17%).   Pest  management 
recommendations  and  management  considerations  are  presented. 


INTRODUCTION 

During  the  last  twenty  years  clear-cutting, 
followed  by  intensive  site  preparation  and 
planting  with  genetically  improved  seedlings, 
has  become  a  widely  used  method  for  southern  pine 
regeneration.   Such  techniques,  when  applied  on  a 
broad  scale,  "one-size-fits-all"  manner  often 
produce  less  than  satisfactory  results.   This  is 
particularly  the  case  when  ecologically 
sensitive  sites  are  involved.   We  encoun- 
tered one  such  problem  while  attempting  to 
regenerate  pines  on  droughty  soils 
(=Tonkawa  Series)  near  Nacogdoches,  TX. 
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Tonkawa  soils  are  Typic 
Quartzipsamments,  characterized  by  low 
fertility  and  high  permeability,  especially 
in  uplands.   These  soils  make  up  approxi- 
mately 23,000  acres  in  Nacogdoches,  Panola, 
Rusk  and  San  Augustine  counties.   Tonkawa 
soils  are  formed  in  sandy  deposits,  with 
slopes  ranging  from  0-20  percent.   Typical 
site  index  is  55  (base  50  years).   The 
original  forest  cover  type  was  probably 
dominated  by  shortleaf  pine  (Pinus  echinata 
Mill.)  with  some  longleaf  pine  (P.  palustris 
Mill.)  intermixed.   Dominant  hardwood 
species  were  sandjack  (bluejack)  oak 
(Quercus  incana  Bart.). 

From  19  73  to  1975,  approximately  5,200 
acres  were  clearcut,  followed  by  either 
chopping,  burning  and/or  shearing  and  wind- 
rowing  with  V-blades.   In  some  areas  a 
whole-tree  chipper  was  used  for  hardwood 
removal.   Essentially,  this  was  removing 
organic  matter  from  the  surface  and  exposing  bi  1 
mineral  soil  to  the  sun  and  wind,  greatly 
decreasing  the  moisture  holding  capacity  of  thi 
soil,  as  well  as,  increasing  surface  temperatu'f 
Subsequently,  several  attempts  were  made  to  re- 
forest the  area  (1974-1981),  using  both  machine 
planting  and  hand  planting  methods.   Planting 
stock  was  generally  slash  1-0  seedlings,  with 
some  drought  hardy  loblolly  also  being  planted 
Sources  of  seedlings  included  Texas  Superior 
seedlings  from  the  Texas  Forest  Service  and 
seedlings  from  Florida  and  Oklahoma.   All  of 
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h«|e  plantings  were  failures  (i.e.,  less  than  10 
ei'ent  survival)  due  primarily  to  droughty 
itions.   Other  factors  included  rabbit  and 

ant  damage.   Town  ant  predation  is  coimnon 
uch  sites  (Moser  1984) . 

This  study  was  initiated  in  1983  in  order  to 
scjrtain  the  fate  of  pine  seedlings  given 
aibus  root  treatments,  planted  on  Tonkawa  soils, 
eslts  reported  herein  represent  two  years  of 
uiival  data. 


METHODS  AND  MATERIALS 

Study  plots  were  established  on  Tonkawa 
ic  quartzipsamments)  soils  (Dolezel  1980)  6 


Tj 

ills  west   of   Garrison,    Nacogdoches   Co, 


TX. 


n  treatments  with  eight  replications  (Fig.  1) 
were  established.   Within  each  replicate,  48 
lings  were  planted  on  an  8  x  8  foot  spacing 
our  rows  of  12  seedlings  each.   A  buffer 

equal  in  size  to  the  replicates  was  planted 
bare  rooted  loblolly  pine  seedlings  between 
icates.   Replicates  were  208  by  104  ft.,  each 
aining  the  same  seven  treatments  randomly 
ringed  (e.g..  Replicate  5,  Fig.  1). 
The  seven  treatments  were: 

1.  bare  rootad  loblolly  pine, 

2.  Terrasorlr'  treated  loblolly  pine, 

3.  clay-slurry  treated  loblolly  pine, 

4.  bare  root£xi  slash  pine, 

5.  Terrasorb^  treated  slash,  and 

6.  containerized  longleaf  pine. 
Terrasorb^  is  an  organic  compound  which, 

he!  mixed  with  water,  forms  a  hydroscopic  sub- 
tree used  as  a  root  dip  to  increase  moisture 
cling  capacity.   Clay-slurry  is  a  similar  but 
ncganic  compound  that  also  forms  a  hydroscopic 
uttance  when  mixed  with  water.   Planting  stock 
as  1-0  seedlings.   Replicates  were  hand-planted 
is:  g  standard  methods  in  January  1983. 
Ill  study  was  replicated  in  January  1984, 
lu  failed  due  to  excessively  low  winter 
;eiieratures ,  followed  by  high  rabbit 
irdation. 

;  Survival  counts  were  taken  at  approxi- 
la-  ly  three  month  intervals  throughout 
:hiyear.   At  each  count,  surviving 
iei. lings  were  flagged  for  ease  of 
re.ication.   Data  for  all  replicates  were 
jri.ped  by  treatment  to  compare  the  effects 
>f  ach  treatment  on  survival  and  growth. 
Je  ire  in  the  process  of  taking  height  and 
llaeter  measurements  on  surviving 
sellings  for  comparison  of  growth  rates 
ioieach  treatment. 
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RESULTS 

I  First  Year  Survival. — First  year  data 
[F,;.  2)  indicated  a  drastic  decrease  in 
Juival  between  the  period  June-October, 
re  ecting  the  below  normal  rainfall 
iu.ng  that  period  (H.  Reeves,  pers. 


Figure  1.   Experimental  design  for  the 

Tonkawa  pine  seedling  survival 
study.   Each  of  the  8  replicate 
plots  were  randomly  assigned  7 
treatments.   Abbreviations  for 
treatments  are  those  given  in 
Fig.  2. 
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coram.).   For  the  remainder  of  the  year, /^ 
both  the  longleaf  and  loblolly  Terrasoro^ 
treatments  showed  much  higher  survival 
rates  (greater  than  80%)  than  the  other 
five  treatments  (50%  or  less) .   The  entire 
study  was  repeated  in  December  1983,  but 
due  to  extremely  low  temperatures  (8°F.) 
for  an  extended  period  of  time,  that 
planting  was  a  total  loss. 

Second  Year  Survival. — Second  year 
data  (Fig.  2)  indicated  another  drastic 
decrease  in  survival  between  August  and 
October,  reflecting  another  severe 
drought.   At  last  count  (October,  12.84), 
the  longleaf  and  loblolly  Terrasorb 
treatments  still  showed  significantly 
higher  survival  rates  (56.6  and  50.8%, 

100 


90 


respectively),  while  the  other  five  treat- 
ments showed  unacceptable  levels  of 
survival  (32%  or  less).   The  slash  treat- 
ments all  had  very  low  survival,  which 
indicates  that  this  species  is  unsuitable 
for  growing  on  droughty  sites.   Within 
some  replicates,  there  was  often  less  than 
10%  survival  of  the  slash  treatments. 


DISCUSSION 


K® 


Containerized  longleaf  and  Terrasorb 
treated  loblolly  pines  had  better  survival  tha^) 
the  other  treatments.   Management  consideratio 
for  these  deep  sandy  soils  include: 

1)  minimizing  clearcutting  (followed  by 
intensive  site  preparation  as  these  methods 
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Figure  2.   Survivorship  curves  for  the  7  seedling  treatment  types  during 
the  period  April,  1983  to  October  1984.   Plotted  values 
represent  means  of  8  replicates. 
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not  be  economically  justified  due  to  the  low 
rcuctivity  of  the  site; 

2)  considering  underplanting  with  delayed 
wood  removal,  as  this  method  leaves  cover  and 
ise   for  the  seedlings.   The  key  idea  is  to 
>ae  some  cover  and  organic  matter  on  the  site 
3  revent  exposure  to  the  sun  and  wind. 

The  USDA  Soil  Conservation  Service 
^alogdoches,  TX)  reports  excellent  success  in 
jgjnerating  sites  on  droughty  soils  by  under- 
Laping  followed  by  injection.   The  problem  of 
jgneration  on  deep  sandy  soils  emphasizes  the 
ap;rtance  of  root  treatments  for  loblolly  pine 
idfhe  consideration  of  longleaf  pine  for 
Lajting. 

Future  project  plans  include: 

1)  continued  monitoring  of  the 
existing  replicates; 

2)  field  operation  tests  of 
containerized  longleaf,  barerooted 


loblolly  and  shortleaf  pine  with 
and  without  Terrasorb  : 


3) 


soil  tests  for  moisture  holding 
capacity  and  temperature  combined 
with  monitoring  of  wind  speed; 

4)  monitoring  of  precipitation 
including  amount  and  periodicity; 

5)  examination  of  survival  in  relation 
to  topographic  position,  slope  and 
aspect;  and 

5)  study  of  mortality  through  time  to 
ascertain  cause  and  degree  of  each 
mortality  factor  (i.e.,  summer 
drought,  winter  low  temperatures, 
pests,  including  town  ants  and 
rabbits),  ^ 

In  conclusion,  we  feel  that  TerrasorlW 
ferments  and  longleaf  pine  should  be 
DHjidered  when  planting  seedlings  on  exposed 
ra^hty  soils. 
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COPPICE  PRODUCTION  FOLLOWING  THE  HARVEST  OF  A 
POLE-SIZE  SYCAMORE  PLANTATION^ 

E.  J.  Schmeckpeper  and  R.  P.  Belanger^ 


Abstract. --A  high  percentage  of  stumps  sprouted  during  the  first 
growing  season  following  harvest  of  an  11-year  old  sycamore  planta- 
tion. Subsequent  mortality  and  total  yields  were  significantly 
influenced  by  the  length  of  coppice  rotations.  The  highest  yielding 
sprout  clumps  resulted  from  long  coppice  rotations.  A  3  +  3-year 
cutting  cycle  produced  41.38  tons  per  acre  of  green  weight  material 
compared  with  17.43  tons  per  acre  for  a  1  +  1  +  1  +  3-year  rotation. 
There  was  a  direct  relationship  between  the  stump  diameter  of  the 
parent  tree  and  the  production  of  coppice  growth.  More  mortality 
resulted  from  frequent  cuttings  than  from  longer  rotations.  There 
was  no  evidence  of  root  or  stem  disease  in  the  sprout  regrowth. 


The  primary  objective  of  short-rotation 
hardwood  management  is  high  yields  of  wood  fiber 
from  harvests  of  the  parent  stand  and  subsequent 
coppice  regrowth.  Two  methods  of  producing 
maximum  hardwood  fiber  yields  have  been  tested: 
(1)  rotations  of  1  to  6  years  to  produce  whole- 
tree  chip  material,  and  (2)  rotations  of  10  to 
15  years  to  produce  conventional  stemwood 
(Saucier  et  at.   1972,  Steinbeck  et  at.   1972, 
Zobel  and  Kellison  1972,  Belanger  and  Saucier 
1975).  On  good  sites,  American  sycamore 
(Platanus  occidentalis  L. )  appears  well  suited 
to  both  systems  of  management. 

The  purpose  of  managing  short-rotation  syca- 
more is  to  ensure  high  yields  of  coppice  growth 
over  repeated  harvests.  Guidelines  have  been 
developed  to  assure  a  high  degree  of  sprouting, 
increase  coppice  yields,  and  maintain  stump 
vigor  for  4-  to  6-year-old  plantations  (Belanger 
1979).  There  is  no  information  related  to  the 
sprouting  response  of  older  sycamore  stands. 
The  harvest  of  an  11-year-old  pole-size  sycamore 
plantation  in  the  Georgia  piedmont  provided  the 
opportunity  to  study  the  sprouting  characteristics 
of  larger  and  older  stumps. 
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Sil vicultural  Research  Conference,  Atlanta, 
Georgia,  November  7-8,  1984.  Paper  No.  9698of 
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^Research  Assistant,  North  Carolina  State 
University,  Raleigh,  North  Ca.-olina  27650,  and 
Principal  Sil viculturist.  Southeastern  Forest 
Experiment  Station,  Athens,  Georgia  30602. 


MATERIALS  AND  METHODS 


Study  Area 

The  sycamore   study  plantation  was   locat 
a  well -drained   piedmont   flood   plain   in   Gree 
County,   Georgia.     The   4-acre   planting   site 
disk   plowed  and  then   hand-planted  with   1-0 
seedlings  during  the  winter  of   1960-1961. 
Seedlings  were  planted  at   an   8-  x  8-foot   sp 
the  plantation  thinned  to  reduce  competitio 
at   age   7,   and   harvested  after   leaf   fall    at 
age   11. 

The  parent  stand  contained  an  average  o 
stems  per  acre  at  the  time  of  harvest.  Ave 
d.b.h.  in  the  plantation  was  5.8  inches;  av 
tree  height  was  63  feet.  Trees  were  cut  at 
ground  level  with  a  chain  saw.  Average  stu 
diameter  of  the  felled  trees  was  7.8  inches 
ranged  from  3.3  to  13.0  inches.  Total  tree 
yield  (green  weight — stem  and  branchwood) 
averaged   92.6  tons   per   acre. 

Mean   annual    increment   had   not  culminate 
the  stand   at   age   11.     However,   power-dam 
construction   had  begun  to   impound  the   river 
adjacent   to  the  plantation.     The  parent   sta 
was   harvested  and   short   coppice   rotations 
scheduled  to  determine  the  sprouting   respon 
of  older   stumps  before  the   site  was   inundat 
The   study  area  was   flooded  by   Lake  Oconee  a 
6  years   of  coppice  growth--17  years   from 
planting. 
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study  Design   and  Measurements 

Three  coppice   rotations  were   randomly 
igned  to  54  study  plots.     Cutting   schedules 
el+1+1+3  years    (Treatment   1),   2+4 
rs   (Treatment   2),   and   3+3  years    (Treatment   3). 
sequence  indicates   age  of  the   sprouts  when 
■vested.     All    cutting  was  done  during  the  dor- 
it  season.     Study   plots  were  square  and  con- 
ted  of  16  planting   spaces   plus  an  -outer   row 
border  trees.     Average  number  of   study  trees 
•  plot  was   11  and   ranged   from  8  to   16 
lending  on   survival    and  degree  of  thinning, 
ind  and   individual    tree  characteristics   of 
l>  11-year-old   plantation  were  not   statisti- 
ly  different  among  the  assigned  treatments. 

Individual    sprout   clumps  were  weighed   in   the 
(Id  at  each   harvest   to  determine  green  weight 
)j)duction.     Additional   measurements  were  made 

er  the  final    (6th  year)   coppice  cut   to  deter- 
ne  the  basal    diameter  of   individual    sprouts, 

al   height,   and  number  of   live   sprouts   per 
ijmp.     Analysis   of  variance  was   used  to  deter- 
i^e  if  sprouting  characteristics  and  total    green 
tight  production  were   significantly  different 
nng  treatments,     Duncan's   new  multiple   range 
:;t  with  the  Statistical    Analysis   System   (Ray 
iJ2)  was  used  to   separate  treatment  means. 


RESULTS 

Stump  Survival 

A  high  percentage  of  the  first-generation 
stumps  sprouted.  Only  4  of  the  596  selected 
study  stumps  did  not  produce  measurable  coppice 
growth.  A  total  of  53  stumps  died  during  the 
study.  Stump  mortality  was  significantly 
influenced  by  cutting  treatments  (Table  1). 
More  mortality  resulted  from  frequent  cuttings 
(Treatiiient  1)  than  from  longer  rotations 
(Treatments  2  and  3).  Average  diameter  of  the 
dead  stumps  was  7.2  inches  and  ranged  from  3.5 
to  10.0  inches.  There  was  no  significant  dif- 
ference between  the  average  size  of  the  dead 
stumps  and  the  mean  of  all  stumps. 

Sprouting  Characteristics 

The  importance  of  coppice  rotations  was 
significantly  reflected  in  the  sprouting 
characteristics  of  individual  stumps  at  final 
harvest  (Table  2).  Frequent  cuttings 
(Treatment  1)  adversely  affected  the  number  of 
sprouts,  basal  diameter,  total  height,  and  green- 
weight  yields  of  coppice  growth.  Larger  and 
heavier  sprout  clumps  resulted  from  longer  coppice 
rotations. 


Table  1. — Stump  survival  and  mortality  following  different  coppice  rotations  of 
American  sycamore.  The  parent  stand  was  an  11-year-old  pole-size  plantation 

Live  stumps 


Coppice       Initial     1st      2d      3d     6th 
rotations  t    sample     year    year    year    year    Mortality 


■Number  per  acre. 


1  +  1  +  1  +  3 

2  +  4 

3  +  3 


466  a 
466  a 
478  a 


466 


463 
466 


449 


468 


387  a  tt 

435  b 
449  c 


..Percent. 

17.0 

6.7 

6.1 


t  Sequence  indicates  age  of  sprouts  when  harvested. 

tt  Within-column  means  not  followed  by  the  same  letter  are  significantly 
different  (P  =  >  0.05). 
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Table  2--Sprouting  characteristics  at   final    harvest   (6th  year)    resulting   from  different   coppice 
rotations   of  American   sycamore.     The  parent   scand  was   an   11-year-old   pole-size  plantation 

Average   per   stump 


Coppice 
rotations   t 


Live   sprouts 


Diameter 


Height 


Green  weight 


Total  Dom.    &  Codom. 


All 


Dom. 


All 


Dom. 


All 


Dom. 


.Number, 


1   +  1  +  1  +  3 

2  +  4 

3  +  3 


4.4  a   ft  3.1  a 
5.2  a                   4.2  b 

7.5  b  5.1  c 


, . . .Inches. . . . 
2.0  a  2.4  a 
2.6  b  3.4  b 
2.4  b       3.1  b 


,Feet Pounds. 


I 


23.7  a  26.1  a  54.3  a  22.4  a 
28.9  b  33.3  b  121.6  b  46.3  b 
26.6  c     30.6  c     107.3  b     36.1  c 


t  Sequence   indicates   age  of  sprouts  when   harvested, 
tt  Within-col umn  means   not   followed  by  the  same  letter  are  significantly  different   (P  =  >  0.05). 


Diameter  of  the   stump  also   influenced  the 
amount   of  coppice   production.     Regression   analy- 
sis  indicated  a  direct   linear   relationship 
between   initial    stump   size  and  total   yield  over 
the   rotation    (Fig.   1).     Belanger   (1979)    reported 
similar  growth   responses   after  harvesting  a 
5-year-old   sycamore   plantation.     Results  may  be 
related  to  more   carbohydrate   reserves   and  the 
greater  nutrient-water   foraging  capacity  of 
large   root   systems   over   small    ones. 

Coppice  Production 

Stump  mortality  and  sprouting  charac- 
teristics of  individual  stumps  combined  to 
influence  total  coppice  yields  (Table  3). 
Longer  rotations  produced  more  aboveground 
biomass  than  shorter  rotations.  The  balanced  3 
+  3-year  cutting  cycle  produced  41.38  tons  per 
acre  of  green  weight  material  compared  with 
17.43  tons  per  acre  for  the  1  +  1  +  1  +  3-year 
cutting  cycle.  Trends  are  consistent  with 
studies  on  repeated  coppicing  in  younger 
sycamore  plantations  (Kormanik  et  at,   1973). 


"-      200- 


Uj     O 

o    z 


Total  Coppico  Yield 

Per   Stump    =   40.248X  -131.907 
Where    X    —  Stump  Olameter 
R^  =0.839 

05%  Confidence  Limits 


III.  II.! 

e.O  6.S  7.0  r.5  8.0  8.5  9.0  9. 

STUMP    DIAMETER 
(Inches) 

Fig.    1. --Total    coppice  yield  of  sycamore   n 
to  stump  diameter  of  the  parent   tree. 
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Table   3. --Green-weight  yields   from  different  coppice   rotations  of  American 
sycamore.     The   parent   stand  was  an   11-year-old   pole-size  plantation 


Coppice 

1st 

2nd 

3rd 

6th 

rotations  t 

year 

year 

year 

year 

Total 


Annual 


.Tons   per  acre. 


1  +  1  +  1  +  3 

2  +  4 

3  +  3 


2.04  2.10  2.11         11.18 

7.96  —  26.19 

17.89         23.49 


17.43  a  tt     2.91 
34.15   b  5.69 

41.38  c  6.90 


t  Sequence   indicates  age  of   sprouts   when   harvested. 

tt  Wi thin-col  umn  means   not   followed  by  the   same   letter  are   significantly 
different    (P  =  >   0.05). 


Frequent   harvest   inhibits   the  maximum 
r^th  and  development   of   stump   sprouts.     Study 
_Us  harvested  each   of  the   first  2  years   after 
LJting  the  parent   stand   (1  +  1)   produced  4.14 
OS  per  acre  of   green-weight  material    compared 
ih  7.96  tons   per  acre   for   plots   harvested 
ler  2  years.     Three   successive  years  of 
/tting   (1+1+1)   produced   6.25  tons  per  acre 
/cpared  with   17.89  tons   per  acre   for  plots   har- 
€ted  after  a  3-year   interval. 

'     Stumps  harvested  annually  did   not   recover  as 
el   as  stumps  harvested  over   longer   rotations. 

/'C3l   green  weight  yield   in  the   3-year  period 
clowing  annual    cuttings    (Treatment   1)  was 
]|18  tons  per  acre  compared  with   23.49  tons 
#  acre  for  the  final    3-year  period   in 
ratment  3.     Frequent  cutting  may   partially 
^ete  the  amount   of  carbohydrate   reserves   in 
root  systems. 


Longer  coppice   rotations   produced   larger 
dominant   and  codominant   stems   than   short   rota- 
tions.    Tree   sizes  are   relevant  to  the  choice  of 
harvesting  equipment   and   quality   of   the   final 
product.     Most   harvesting  equipment    requires   a 
minimum  tree   size  and/or   volume   per   acre  to 
operate  economically.     Larger   stems  also  contain 
lower  proportions  of  bark   and   impurities   in  the 
chip  mix  than   smaller   stems   (Saucier  et  at. 
1972). 


Several  sprout  cl um 
study.  These  stumps  we 
at  the  edge  of  the  plan 
two,  three,  or  four  dom 
Most  of  the  intermediat 
died  due  to  natural  com 
of  the  dominant  sprouts 
that  rotations  greater 
possible  for  the  coppic 
plantations. 


ps  were  not  cut  during  the 
re  located   in   border   rows 
tation  and  usually  contained 
inant   and  condominant   stems, 
e  and  suppressed   sprouts  had 
petition.     Growth   and  vigor 
were  excellent,   indicating 
than   6  years  are  certainly 
e  management  of   sycamore 


DISCUSSION 

There  were  no  serious   proble 
initiation,   growth,   and  deve 
fbuts  following  the  harvest  of 

^(S-size  sycamore  plantation, 
liffiar  to  be  hindered  by  the  ann 
I]  river  adjacent  to  the  planta 
djfflulation  of  leaves  and  other 
Lface  of  the  stumps.  Although 
ction  of  the  parent   stumps  had 

e'^1   harvest,   there  was   no  evid 
tn  disease  in   the   sprouts. 


ms  associated  with 
lopment   of   stump 
an   11-year-old 
Sprouting   did   not 
ual    flooding  of 
tion,   or  the 
debris   on   the  cut 
the  above-ground 
decayed   by   the 
ence  of   root   or 


Maximum  green  weight 
material  was  similar  to 
plantation.  The  parent 
tons  per  acre  of  stem  an 
6  compared  with  41.4  ton 
growth  from  the  3  +  3-ye 
excellent  growth  and  equ 
3  cords  per  acre  per  yea 
extremely  fertile  bottom 
yield   would   be   less   for 


production  of  coppice 
growth   of   the  original 
stand   had   produced   40.7 
d  branchwood  through  age 
s   per  acre  of  coppice 
ar   rotation.     This   is 
ivalent   to  approximately 
r.     However,   this  was   an 
land   site.     Growth   and 
most   plantings. 
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CONCLUSIONS 

Sycamore  plantations  can  be  managed  on  rota- 
tions of  10  through  15  years  for  fiber  or  fuel 
production.  Careful  choice  of  planting  areas, 
thorough  site  preparation,  graded  planting  stock, 
and  intensive  cultural  treatments  are  essential 
for  the  successful  establishment  and  early  growth 
of  the  planted  stand  (Belanger  and  Saucier  1975). 
Results  from  this  study  showed  proper  management 
practices  can  produce  acceptable  yields  of  cop- 
pice material  without  losses  from  insects  or 
diseases  following  the  harvest  of  pole-size 
trees.  Balanced  rotations  of  5  years  or  longer 
are  recommended  to  reduce  stump  mortality, 
sustain  stump  vigor,  and  maximize  the  production 
of  wood  fiber  over  repeated  harvests. 
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SEASON  OF  HARVEST  AND  SITE  QUALITY  EFFECTS  ON  HARDWOOD 
REGENERATION  IN  THE  VIRGINIA  PIEDMONT?^/ 

2/ 

J.  S.  Kays,  D.  Wm.  Smith,  and  S.  M.  Zedaker— 


Abstract. — The  effects  of  season  of  harvest  and  site 
quality  after  two  growing  seasons  on  sprout  production  of 
oaks,  yellow-poplar,   red  maple,  sourwood,  and  other  species 
are  evaluated.  Clearcutting  utilizing  whole-tree  harvesting 
was  performed  on  six  similar  pairs  of  plots  ranging  from  site 
index  48  to  75  (base  age  50)  for  white  oak.   Pairs  of  plots 
received  dormant  season  harvest,  or  growing  season  harvest. 
Stands  selected  spanned  a  typical  range  of  upland  hardwood 
Piedmont  site  conditions;  characterized  by  low  quality  stems 
and  poor  species  composition.   Pre-harvest  frequency,  den- 
sity, and  species  composition  were  measured  in  tree,  shrub, 
and  herb  strata.   Changes  in  frequency,  density,  and  species 
composition  from  pre-harvest  levels  are  reported.   Silvi- 
cultural  strategies  for  increasing  oak  composition  are  dis- 
cussed. 


V 


INTRODUCTION 

In  the  Virginia  and  North  Carolina  Piedmont, 
3|  abusive  agriculture  practices  followed  by 
Tiiaged  reversion  to  forest  cover,  high-grading, 
dvildfire  have  propagated  stands  characterized 

Ipw  quality  stems  and  poor  species  composition. 
dof  these  poor  and  medium  quality  Piedmont 
ti^  support  oak  populations  composed  primarily 

jlestnut  oak  (Quercus  prinus  L.),  scarlet  oak 
uircus  coccinea  Muenchh.),  and  white  oak 
urcus  alba  L.).   Higher  quality  sites  found  on 
eper  hillsides  of  favorable  aspects  contain 
ij^rily  white  oak,  northern  red  oak  (Quercus 
^aL.),  and  yellow-poplar  (Liriodendron  tulip- 
eia  L.).   A  significant  amount  of  undesirable 
eies  such  as;  red  maple  (Acer  rubrum  L.), 
U(vood  (Oxydendron  arboreum  L.  D.C.),  and 
a<gum  (Nyssa  sylvatica  Marsh.),  compete 
r:tly  for  site  resources  with  desirable  oaks 
dreduces  the  probability  of  successful  oak 
gieration  after  harvest.   Many  oak  species 
rjt  more  frequently  and  productively  during 
drmant  season  harvest  (Roth  &  Hepting  1943, 


1/   Paper  presented  at  Southern  Silvicultural 
sarch  Conference,  Atlanta,  Georgia,  November 
S;  1984.   Financial  support  provided  by  the 
rgement  of  Piedmont  Hardwoods  Research  Work 
1',  USDA  Forest  Service,  Southeastern  Forest 
Ffiment  Station,  Asheville,  N.C.  and  the 
plds  Homestead  Research  Center  Critz,  Va. 

2/  Research  Assistant,  Associate  Professor  of 
Ijlculture  and  Forest  Soils,  and  Assistant 
cesser  of  Forest  Ecology,  Virginia  Polytechnic 
situte  and  State  University,  Blacksburg,Va. 24061, 


Johnson  1977),  however,  the  relative  response  of 
other  species  over  a  range  of  site  qualities  has 
not  been  reported  for  Piedmont  sites.   Using  whole- 
tree  harvesting  the  effect  of  different  seasons  of 
harvest  on  the  growth  potential  and  species  com- 
position should  be  manifested  during  the  early 
stages  of  stand  regeneration.   Because  of  the 
potential  problems  of  not  obtaining  adequate  oak 
regeneration  (Holt  and  Fisher,  eds.  1979)  and 
the  possibility  of  favoring  oak  composition  using 
a  dormant  season  harvest,  the  response  of  different 
origins  of  desirable  and  undesirable  regeneration 
to  whole-tree  harvesting  was  investigated.   Number 
of  stems,  frequency,  and  mean  height  of  different 
origins  of  regeneration  was  used  to  assess  the 
density,  distribution  and  dominance  of  oak 
species  in  the  context  of  stand  development  on 
different  site  qualities. 


STUDY  AREA 

The  study  area  is  located  at  the  Virginia 
Polytechnic  Institute  and  State  University's 
Reynolds  Homestead  Research  Center  near  Critz, 
Virginia.   Soils  are  leached,  eroded  Ultisols 
developed  mainly  from  granitic  and  metarrorphic 
bedrock.   Slopes  range  from  2-20  percent  with 
6-8  percent  being  most  common.   Annual  precipita- 
tion averages  125  cm.  per  year  and  is  well- 
distributed  throughout  the  year.   The  frost  free 
season  is  196  days. 

Six  similar  pairs  of  regeneration  plots  were 
located  along  a  gradient  of  site  productivity  that 
also  differed  in  tei-ms  of  vegetation  composition. 
The  plots  were  situated  in  50-  to  80-  year-old 
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second  growth  oak-hickory  forest  on  site  qualities 
ranging  from  site  index  48  to  75  (base  age  50)  for 
white  oak.   Differences  in  vegetation  composition, 
based  on  the  presence  and  absence  of  site  specific 
species,  enabled  division  of  stands  into  two  ranges 
of  site  quality,  those  stands  below  white  oak 
site  index  65  (base  age  50),  and  those  above 
(Table  1).   Pairs  of  plots  received  dormant  and 
growing  season  harvests.   Whole-tree  harvesting 
was  employed  with  all  stems  greater  than  one- 
inch  DBH  cut  to  within  6  in.  of  the  ground.   The 
dormant  season  harvest  was  completed  between 
February  21  and  March  23  of  1983  and  growing 
season  harvests  between  June  21  and  July  25  of 
1983. 


3.3  ft.  in  height  by  species. 

After  two  growing  seasons  all  twelve  p 
again  inventoried  according  to  the  three  s 
The  origin  and  height  of  each  individual  b 
on  its  position  or  absence  in  the  pre-harv 
stand  was  recorded.  Four  distinctive  clas 
regeneration  were  delineated: 

1)  stump  sprouts  -  sprouts  originating  f 
stems  in  the  pre-harvest  tree  strata  (over 
16.4  feet  in  height), 

2)  advance  regeneration  -  sprouts  originat 
stems  in  the  pre-harvest  herb  and  shrub  st 
(under  16.4  feet  in  height), 

3)  root  sprouts  -  sorouts  originating  fr 


ol 


it  til 


Table  1  -  A  summary  of  pre-harvest  species,  basal  area  (BA)  and  stems  per  acre  attributes  by 
season  of  harvest  and  site  class,  Critz,  Va. 


DORMANT 

SEASON 

HARVEST 

GROWING  SEASON 

HARVEST 

SPECIES 

POOR 

SITE 

CLASS 

1/ 

GOOD 

SITE 

CLASS 

POOR 

SITE 

CLASS 

GOOD 

SITE  CL 

(AV 

.  SI 

=  54) 

(AV. 

SI  = 

72) 

(AV 

.  SI  = 

=  57) 

(AV 

.  SI  =  6 

OAKS  11 

BA/acre 

68 

42 

58 

37 

Stems/acre 

198 

111 

151 

100 

RED  MAPLE 

BA/acre 

18 

16 

12 

17 

Stems/acre 

102 

106 

91 

130 

YELLOW-POPLAR 

BA/ acre 

2 

30 

1 

14 

Stems/acre 

23 

90 

11 

46 

SOURWOOD 

BA/acre 

14 

11 

14 

16 

Stems/acre 

174 

93 

207 

148 

OTHER  WOODY 

BA/acre 

12 

25 

13 

27 

Stems/acre 

109 

111 

48 

142 

TOTAL 

BA/acre 

114 

124 

98 

111 

Stems/acre 

606 

511 

508 

566 

Mean  Ht.  3/ 

48 

58 

49 

52 

Vol/acre 

3 

,781 

4 

,988 

3 

,320 

3 

,918 

Xj      Site  index  given  is  for  white  oak  (base  age  50)  and  is  the  average  of  three  plots. 

Ij      BA  =  basal  area  in  square  ft.  per  acre 

3/   Mean  height  in  feet  of  dominants,  codominants,  and  intermediates 


METHODS 

Each  of  the  twelve  regeneration  plots  were 
98.4  ft.  X  98.4ft.  (30m  X  30m)  and  contained 
three  levels  of  nested  subplots  to  enable  samp- 
ling of  the  three  strata  comprising  the  original 
stand;  the  tree  strata,  shrub  strata,  herb 
strata.   1)  The  tree  strata  contained  nine 
32.8ft.  X  32.8ft.  (10m  X  10m)  subplots.   Prior 
to  harvest,  all  stems  greater  than  16.4  ft.  in 
height  were  permanently  marked,  inventoried,  and 
located  on  a  coordinate  grid.    2)  The  shrub 
strata  was  measured  on  a  subset  of  the  36 
possible  16.4ft.  X  16.4ft.  (5m  X  5m)  subplots. 
A  25  percent  random  sample  was  selected  from 
each  32.8  ft.  X  32.8  ft.  subplot  and  stems 
3.3  ft.  to  16.4  ft.  in  height  were  inventoried 
but  not  tagged.   3)  the  herb  strata  was  measured 
on  one  3 .3  ft .  X  3.3  ft .  (Im  X  Im)  subplot 
within  each  32.8  ft.  X  32.8  ft.  subplot.   This 
1  percent  sample  inventoried  all  stems  under 


roots  following  harvest, 

4)    seedlings  -  individuals  originating 

seed  following  the  harvest. 

This  procedure  enabled  a  characterization 

new  stand  by  the  sources  of  regeneration. 

The  three  quantitative  measures  chose 
assess  stand  condition  were  height  of  the 
sprout  as  a  measure  of  competitive  abilit 
new  stand,  stems  per  acre  as  a  measure  of 
and  ultimately  stocking,  and  frequency  of 
rence  in  the  total  number  of  cells  sample 
measure  of  distribution  of  stump  sprouts 
new  stand.   Significance  of  differences  i 
height  of  regenerants  in  the  same  site  cl 
different  harvests  was  determined  with  a 
parametric  Wilcoxon  Rank  Sum  Test  (alpha= 
Statistical  tests  for  differences  in  the 
of  stems  were  possible,  but  the  large  vai 
due  to  small  sample  size  yielded  no  signi 
effects. 
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Assessing  changes  in  the  density  of  stems 

ifferent  plots  is  meaningful  only  if  the 
lwi€iarvest  density  is  considered.   To  correct 
ree££ post-harvest  density  of  stump  sprouts  and 
ualiivnce  regeneration  for  the  pre-harvest  density, 
■iiartiysis  of  covariance  was  employed.   The  main 
claicts  were  season  of  harvest  and  species  with 
harvest  density  as  the  dependant  variable, 
iitgidpre-harvest  density  the  covariate.   Unfor- 
overtely,  the  relatively  large  variability  due 

he  clumpy  stand  structure  resulted  in  many 
;in!t(ies  having  higher  post-harvest  densities, 
ibit.ler  than  pre-harvest  densities.   This  resulted 

egative  residual  values  for  some  species, 
ijf»(efore,  the  covariance  analysis  could  not  be 

ingfully  interpreted.   To  give  some  indica- 
of  changes  in  species  composition,  the 

ent  change  in  the  pre-  and  post-harvest 

ities  of  stump  sprouts  and  advance  regenera- 
were  used  and  presented  in  Tables  9  and  10, 

ectively. 


Ea 


PRE-HARVEST  STAND  ATTRIBUTES 


The  pre-harvest  stand  characteristics  shown 
iTable  1  are  presented  for  the  five  major 
3;ies  groups.   All  the  stands  were  well- 
:ked,  with  oak  species  comprising  about  60 
:ent  of  the  basal  area  on  the  poor  sites  and 
Diercent  on  the  good  sites.   While  basal  area 
■ed  maple  is  similar  on  both  site  classes, 
.ow-poplar  is  significant  only  on  the  good 
l;s.   The  poorer  site  classes  contained  a 
^)py  composition  of  chestnut  oak,  scarlet  oak, 

maple,  and  sourwood  along  with  scattered 
i'inia  pine  (Pinus  virginiana  Mill.)  and  White 
i^  (Pinus  strobus  L.).   Canopy  composition  of 
n  good  site  classes  contained  a  large  component 
firfhite  oak,  yellow-poplar,  red  maple,  and 
,thern  red  oak  with  varying  amounts  of  scarlet 
El  and  American  Beech  (Fagus  grandif olia  Ehrh.). 
_tj  poor  site  classes  were  characterized  by  a 
fier   open  canopy  compared  to  the  good  sites 
tulting  in  an  extensive  ground  cover  of  mountain 
[rel  (Kalmia  latifolia  L.),  rhododendron 
I^dodendron  maximum  L.),  and  greenbriar 
ilax  spp.).   Oak  advance  regeneration  is  mostly 
'T|11  (under  3.3  feet)  and  in  competition  with 
rwood,  blackgum,  red  maple  and  the  foremen- 
j|ned  ground  cover.   Over  story  dominants  on  the 
d  site  classes  had  an  acceptable  stocking 
ulting  in  a  fairly  closed  canopy.   Oak 
^^lance  reproduction  is  of  larger  stature  but  in 
npetition  with  an  abundant  understory  of 
wering  dogwood,  American  beech,  red  maple,  and 
ers. 


RESULTS  AND  DISCUSSION 
Whole-Stand  Regeneration 


The  height  of  stems  from  different  origins 
regeneration  for  all  species  (Table  2)  docu- 
^' Its  the  superior  height  growth  of  the  larger, 
rafter  established  stump  sprouts.   Advance 


regeneration,  root  sprouts,  and  seedlings  are 
progressively  smaller  in  size.   The  signifigant 
increases  in  height  of  all  origins  on  the  dormant 
harvest  is  most  likely  a  reflection  of  the  superior 
stored  carbohydrate  root  reserves  (Roth  and 
Hepting  1943),  and  the  abundant  spring  regenera- 
tion which  acts  as  "trainers"  to  redirect  height 
growth  and  increase  competitive  success  (Ross 
1982).   Both  site  classes  within  each  harvest  show 
a  consistent  increase  in  the  density  of  stems  from 
stump  sprouts  to  seedlings,  except  for  the  smaller 
number  of  root  sprouts  in  the  poor  site  classes. 
This  reflects  the  absence  of  prolific  root  sprouting 
species,  such  as  black  locust,  dogwood,  sassafras, 
and  honeysuckle. 

Oak  stump  sprouts  (Table  3a)  were  significantly 
taller  in  both  site  classes  of  the  dormant  season 
harvest  compared  to  the  growing  season  harvest. 
Advance  regeneration  in  the  good  site  class  was 
also  taller  with  a  dormant  season  harvest.   Stump 
sprouts  on  poor  sites  decreased  in  height  from 
8.1  to  5.1  ft.  on  the  dormant  and  growing  season 
harvests,  respectively,  while  stem  height  on  good 
sites  decreased  in  height  from  6.6  to  5.2  ft. 
Although  oak  species  are  not  known  as  root  sprouters, 
some  did  occur,  mostly  for  chestnut  oak.   The 
prominent  increases  in  the  density  of  oak  stump 
sprouts  with  a  dormant  season  harvest  reflects 
the  increase  in  sprouting  frequency  (Roth  and 
Hepting  1943) .   Although  no  references  support 
the  increase  in  sprouting  frequency  of  advance 
regeneration  with  a  dormant  season  harvest,  the 
increases  shown  in  Table  3a  indicate  the  sensi- 
tivity of  this  desirable  form  of  regeneration 
to  season  of  harvest.   The  decrease  in  seedling 
density  with  a  growing  season  harvest  for  each 
site  class  may  reflect  the  hot,  dry  conditions 
that  result  in  desiccntion  of  acorns.   Whole- 
tree  harvesting  results  in  the  removal  of  brush 
and  leaf  litter  that  would  normally  shade 
germinating  acorns.   Chestnut  oak  is  responsible 
for  the  significant  increases  in  height  of 
stump  sprouts  on  the  poor  sites  of  the  dormant 
season  harvest,  while  white  oak  is  responsible 
on  the  better  sites  (Table  3b).  Increases  in 
density  of  stump  sprouts  and  advance  regenera- 
tion follows  the  same  pattern.  Although  stump 
sprouts  are  the  smallest  in  number,  they  will 
be  the  main  competitors  in  the  new  canopy  due  to 
their  superior  height  growth  when  compared  to 
other  origins  (Table  3a).   Stems  of  advance 
regeneration,  although  subordinate  in  height  to 
stump  sprouts,  have  large  densities  that  enables 
them  to  compete  for  advantageous  canopy  openings. 
Seedlings  generally  grov;  too  slow  to  be  of  signifi- 
cance (McQuilken,  1975;  Ross,  1982). 

Yellow-poplar  stump  sprouts  were  taller  with 
a  dormant  season  harvest  in  both  site  classes, 
however  advance  regeneration  was  not  (Table  4). 
The  density  of  all  yellow-poplar  classes  of 
regeneration  were  also  increased.   Comparison  of 
the  heights  of  yellow-poplar  stump  sprouts  with 
that  of  the  oaks  in  Table  3a  reflects  the  com- 
petitive advantage  of  yellow-poplar  (McGee  and 
Hooper  1970).   The  low  density  of  stump  sprouts 
reported  on  good  sites  indicates  that  yellow- 
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Table  2  -  A  summary  of  all  regeneration  by  origin,  season  of  harvest,  and  site  class 
after  two  growing  seasons,  Critz,  Va. 


REGENERANT 

DORMANT  SEASON  HARVEST 

GROWING  SEASON 

HARVEST 

ORIGIN 

POOR 
Stems 

SITE 

CLASS 
Mean  1/ 

GOOD  SITE  CLASS 
Stems    Mean  1/ 

POOR  SITE 

CLASS 

GOOD  SITE 

CLA 

Stems 

Mean 

Stems 

Mea 

per 

Height 

per 

Height 

ppr 

Height 

per 

Hel 

acre 

(feet) 

acre 

(feet) 

acre 

(feet) 

acre 

(fe 

Stump  Sprouts 

450 

8.8  a 

432 

8.1  a 

378 

5.9  b 

407 

5. 

Advance 

regeneration 

12,427 

3.7  a 

11,648 

4.1  a 

17,625 

2.5  b 

7,554 

3. 

Root  Sprouts 

6,612 

2.8  a 

19,831 

2.8  a 

13,968 

2.1  b 

17,877 

2. 

Seedlings 

15,299 

0.7  a 

49,745 

1.0  a 

9,897 

0.5  a 

44,812 

0. 

Total 

Regenerants 

34,788 

81,656 

41,868 

79,650 

1_/  for  each  origin  in  the  same  site  class  of  differ 
letter  indicate  harvests  are  not  significantly  d 
Sum  Test) . 

Table  3a  -  A  summary  of  oak  regeneration  by  origin, 
two  growing  seasons,  Critz,  Va. 


ent  harvests,  means  followed  by  the  sa; 
ifferent  at  alpha  =  .05  (Wilcoxoh  Rank: 


season  of  harvest,  and  site  class  afte^ 


REGENERANT 
ORIGIN 


DORMANT  SEASON  HARVEST 
POOR  SITE  CLASS      GOOD  SITE  CLASS 


GROWING  SEASON  HARVEST 
POOR  SITE  CLASS    GOOD  SITE  CLASS 


Stems 

Mean  1/ 

Stems 

Means  1/ 

Stems 

Mean 

Stems 

Mean 

per 

Height 

per 

Height 

per 

Height 

per 

Heigh 

acre 

(feet) 

acre 

(feet) 

acre 

(feet) 

acre 

(feetr 

Stump 

sprouts  2/ 
Advance 

156 

regeneration 
Root  sprouts 
Seedlings 
Total 
Regenerants 

9 

1 

11 

,928 

618 

,049 

,751 

i.l 


132 


1.9  a 

5,809 

1.9  a 

467 

0.6  a 

749 

6.6  a 

2.9  a 
2.1  a 
0.^'  a 


7,157 


102 

6,570 
510 
450 

7,632 


5.1  b 


72 


2.1  a  2,926 
2.9  a  300 
0.3  a    300 

3,598 


5.2 

2.0 
0.5 
0.3 


harvests,  means  followed  by  the  sam 
rerent  at  alpha  =  .05  (Wilcoxon  Rank 


_1/  for  each  origin  in  the  same  site  class  of  different 

letter  indicate  harvests  are  not  significantly  diff 

Sum  Test) . 
_2/  number  in  parenthesis  is  the  frequency  of  occurrence  in  this  class  of  regenerant  in  sam 

subcells. 


poplar  will  only  become  a  part  of  the  species 
mix  with  the  oaks  and  other  species.   There  are 
very  few  Piedmont  sites  under  site  index  75  (base 
age  50)  for  white  oak  where  yellow-poplar  is 
capable  of  making  up  a  large  component  of  the 
stand  (Olson  and  Della-Bianca  1959).   The  ability 
of  yellow-poplar  to  produce  large  numbers  of 
seedlings  is  evident  (Beck  and  Della-Bianca 
1981) .   This  study  confirms  that  the  best 
survival  and  height  growth  of  yellow-poplar 
seedlings  is  found  following  a  dormant  season 
harvest  (Trimble  and  Tryon  1969) .   A  dormant 
harvest  allows  for  the  spring  germination  of 
seeds  which  are  capable  of  competing  with  the 
flush  of  new  vegetation.   Although  seedlings 
on  the  poor  sites  may  succumb  in  the  near  future 
(Weaver  and  Robertson  1981) ,  vigorous  yellow- 
poplar  seedlings  on  the  better  sites  of  both 
harvests  will  likely  fill  some  canopy  openings. 

Red  maple  stump  sprouts  in  both  site  classes 
and  advance  regeneration  on  better  sites  were 
significantly  taller  with  a  dormant  season 
harvest  (Table  5).   Similar  to  yellow-poplar, 
the  height  of  red  maple  makes  it  an  ardent  com- 


petitor of  the  oaks  on  all  sites.  Comp; 
the  height  of  stump  sprouts  and  advance 
tion  with  that  of  the  oak  species  (Tabl< 
indicates  the  competitive  advantage  of  i 
in  the  new  stand.  Red  maple  forms  larg( 
sprout  clumps  that  utilize  large  amount; 
resources  and  limits  the  establishment  ( 
able  species.  This  capability  of  red  m; 
maintain  this  large  area  through  crown  i 
has  been  noted  in  the  Southern  Appalach: 
(McGee  and  Hooper  1970,  1975),  and  pose; 
able  barrier  to  attaining  desirable  oak 
The  dormant  harvest  does  not  appear  to  i 
large  gains  in  density,  except  for  the  i 
increase  in  red  maple  advance  regenerat: 
poor  site  class;  however,  the  height  of 
stems  were  shorter.  The  numerous  red  m; 
seedlings  are  short  and  very  spindley,  1 
potentially  incapable  of  contributing  tc 
stand.  The  larger  density  and  higher  d: 
of  stump  sprouts  in  the  good  site  class 
harvest,  indicates  red  maple  will  be  moi 
problem  on  the  better  sites.  However,  1 
of  the  stump  sprouts  will  be  similar,  r< 
of  site  quality. 
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Table  3b  -  A  suiranary  of  oak  regeneration  by  species;  origin,  season  of  harvest,  and  site  class  after 
two  growing  seasons,  Critz,  Va. 


is 

Bei 

Jfe 

j 

DORMANT  SEASON  HARVEST 

GROWING  SEASON 

HARVEST 

Species   Origin 

pnoR_ 

SITE  CLASS 

GOOD 

SITE  CLASS 

POOR  SITE 

CLASS 

GOOD  SITE  CLASS 

Stems 

Mean 

Stems 

Mean 

Stems 

Mean 

Stems 

Mean 

per 
acre 

Height 
(feet) 

per 
acre 

Height 
(feet) 

per 
acre 

Height 
(feet) 

per 
acre 

Height 
(feet) 

J, 

Stump 

sprouus 

24 

5.2  a 

60 

6.2  a 

51 

4.4  a 

39 

4.3  b 

3, 

Advance 

White 

regeneratior 

911 

2.0  a 

2,608 

2.4  a 

491 

3.0  a 

1,091 

2.3  a 

i 

Oak 

Root  sprouts 

300 

0.9  a 

450 

0.5  a 

300 

0.3  a 

300 

0.5  a 

Seedlings 

449 

0.3  a 

749 

0.4  a 

150 

0.2  a 

300 

0.3  a 



Total  white 

k 

e  sj 
Rank 

oak 

1,684 

3,867 

992 

1,730 

Stump 

sprouts 

114 

8.9  a 

24 

7.2 

32 

5.7  b 





Advance 

aftt 

Chest 
nut 

regeneration 
Root 

6,601 

2.1  a 

1,462 

3.4  a 

3,968 

2.2  a 

13 

3.8  a 

Oak 

sprouts 

318 

2.4  a 

19 

3.7 

60 

3.7  a 





Seedlings 

300 

0.3  a 

— 

— 

300 

0.4  a 

— 



JSS 

Total  chest- 

an 

nut  oak 

7,333 

1,505 

4,360 

13 

ijl 

Stump 

eet 

sprouts 

18 

6.9  a 

48 

6.9  a 

19 

6.3  a 

33 

5.9  a 

Red 

Advance 

,21 

Oaks 

regeneration 
Root 

2,416 

1.0  a 

1,739 

2.9  a 

2,111 

1.4  a 

1,822 

1.6  b 

,0' 

sprouts 

— 

— 

— 

— 

150 

0.6 

— 

— 

,5i 
,3 

Seedlings 
Total  red 
oaks 

300 
2,734 

0.2 

1,787 

2,280 

1.855 

Total  Oak 

saw 

Regenerationll, 751 

7,157 

7,632 

3,598 

sail 

Table  4  -  A  summary  of 

yellow-poplar  regeneration  by  orig 

in,  season 

of  harvest. 

and  site  class 

after 

two  growing 

seasons,  Critz,  Va. 

f 

REGENERANT 

ce 

ORIGIN 

DORMANT  SEASON  HARVEST 

GROWING  SEASON  HARVEST 

tli 

POOR 

SITE 

CLASS     GOOD  SITE 

CLASS     POOR 

SITE  CLASS 

GOOD  SITE  CLASS 

fi 

Stems 

Mean  1/    Stems 

Mean  1/    Stems 

Mean 

Stems 

Mean 

rji 

per 

Height    per 

Height    per 

Height 

per 

Height 

nt! 

acre 

(feet)    acre 

(feet)    acre 

(feet) 

acre 

(feet) 

ti 

Stump 

sprouts_2/    36 
(7%) 
Advance 

regeneration  60 
Root 

sprouts  48 
Seedlings  6,157 
Total 

regeneration 

6,301 


11.1  a 


6.7  a 


60 

10.9  a 

18 

7.8  b  3/   24 

18%) 

(4%) 

(11%) 

378 


3.9  a    24 
0.8  a  26,065 


26,527 


1_/      for  each  origin  in  the  same  site  class 
same  letter  indicate  harvests  are  not 
(Wilcoxon  Rank  Sum  Test). 

2/  number  in  parenthesis  is  the  frequency 
sampled  subcells. 

V     significant  at  alpha  =  .058 


5.4  a      6 

4.6  a      0 
1.0  a  2,404 


2,428 


3.5  a 


180 


0        0 
0.6  a  19,183 


6.8  b 


4.3  a 

0 
0.3  b3/ 


of  different  harvests,  means  followed  by  the 
significantly  different  at  alpha  =  .05 

of  occurrence  of  this  class  of  regenerant  in 
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^'ciass  IfterZ'L°'-'''  ""'''"  regeneration  by  origin,  season  of  harvest, 
Class  atter  two  growing  seasons,  Critz,  Va. 


and  site 


REGENERANT 
ORIGIN 


DORMANT  SEASON  HARVEST 
POOR  SITE  CLASS        GOOD  SITE  CLASS 


GROWING  SEASON  HARVEST 


Stems 

per 

acre 


Mean_l/ 
Height 
(feet) 


POOR  SITE  CLASS 


Stems 
per 


Mean 

Height 

(feet) 


Stems 
per 


Stump 

sprouts2_/        72        9.7  a 
Advance 

regeneration    977        4.2  a 
Root 

sprouts  6        3.9  a 

Seedlings      2,998        0.4  a 
Total 

regenerants   4,053     ^,^-r^ 

1/    for  each  origin  in  the  same  site  class  of  different  harves 

indicate  harvests  are  not  significantly  different  at  alpha 

2_/  number  in  parenthesis  is  the  frequency  of  occurrence  of  th 

subcells 
y    significant  at  alpha  =  .051 


Mean 

Height 

(feet) 


GOOD  SITE  CLASS 
Mean 
Heigl 

acre (feei 


Stems 
per 


114 

869 

467 
5,395 

6,845 


36 

240 

0 
2,248 

2,524 


6.9  b 

5.5  a 

0 
0.3  a 


138 

641 

243 
5,695 


6.3  , 

4.5  )| 

j 

2.8  i 
0.3  )] 


ts,  means  followed  by  the  same  lett 

=  .05  (Wilcoxon  Rank  Sum  Test), 
is  class  of  regenerant  in  sampled 


The  lack  of  sourwood  seedlings  (Table  6)  shows 
the  reliance  of  this  species  on  existing  rootstocks 
for  regeneration.   The  dormant  harvest  resulted 
in  taller  stump  sprouts  on  both  site  classes  and 
taller  advance  regeneration  on  the  poor  site  class 
when  compared  to  the  growing  season  harvest. 
The  density  of  stump  sprouts  and  advance  regenera- 
tion on  the  good  site  class  was  halfed  with  a 
dormant  season  harvest.   On  the  poor  sites  stump 
sprouts  were  slightly  reduced  and  advance  regen- 
eration was  increased  five-fold.   These  results 
indicate  that  large  decreases  in  the  density  of 
sourwood  stems  on  the  good  sites  are  possible 
with  a  dormant  season  harvest  due  to  the  failure 
of  sourwood  to  compete  effectively  for  resources 
with  the  denser,  more  prolific  sprouts  of  other 
species.   The  increase  in  sourwood  height  and 
density  with  a  dormant  season  harvest  on  the  poor 
sites  causes  concern  due  to  its  sprouting 
character  in  the  early  post-harvest  stand.   Sour- 
wood produces  a  wide  zone  of  lateral  sprouts 
around  a  few  central  leaders  that  uses  consider- 
able site  resources  and  limits  the  establishment 
of  more  desirable  oak  species. 

Other  woody  species  (Table  7)  include 
blackgum,  dogwood,  black  locust,  and  sassafras. 
Contrary  to  the  other  species  groups,  stump 
sprouts  are  not  taller  with  a  dormant  season 
harvest.   The  low  density  and  height  of  these 
stump  sprouts  indicates  that  the  major  competitors 
for  the  oak  species  will  come  from  yellow-poplar, 
red  maple,  and  sourwood.   The  large  density  and 
competitive  stature  of  root  sprouts  on  the 
dormant  season  harvest  warrants  attention. 
Vigorous  and  stout  species  like  black  locust 
may  become  a  problem  on  better  sites  (McGee 
1975) ,  while  blackgum  is  numerous  and  common  to 
all  sites.   Important  to  note  is  the  significant 
decline  in  advance  regeneration  and  root  sprout 
densities  in  the  poor  site  class  with  a  dormant 
season  harvest.   These  species  may  not  be  able 
to  compete  effectively  with  the  rapid  flush  of 


s 


vegetation  of  the  other  species  groups, 


While  subordinate  in  density  and  height  1- 
relative  position  of  oaks  to  its  competitors  :' 
affected  by  the  season  of  harvest  (Table  8).  'i 
difference  in  height  of  oak  stump  sprouts  atLijili 
species  is  1.1  ft.  on  the  poor  site  class  fo'  'tl 
the  dormant  and  growing  season  harvest.   The  • 
there  appears  to  be  no  harvest-site  class  in 
action  on  the  poor  sites.   On  the  good  sites 
relative  difference  in  stump  sprout  height  o  jiki 
and  all  others  for  dormant  and  growing  seaso  i;! 
harvest  is  2.2  and  0.7  ft.,  respectively.  T  r, 
the  oaks  are  in  an  undesirable  strata  positii'^in 
the  dormant  season  harvest.   Applying  this  ci 
parison  to  advance  regeneration  indicates  no 
difference  on  the  good  sites,  but  an  advanta '.pt 
the  poor  sites  with  a  growing  season  harvest,! 
Although  the  growing  season  harvest  may  have  !ie 
advantages  with  relative  height,  the  dormant 
season  harvest  would  still  be  recommended  di: 
the  increase  in  density  of  oaks  resulting  fi  > 
increased  sprouting  frequency  and  sprout  pre  l'ti< 

Table  9  shows  the  relative  percent  chang^ln 
the  number  of  stumps  with  at  least  one  live  jp 
between  the  pre-harvest  tree  strata  and  the  5|t- 
harvest  stand.   A  two  percent  increase  in  0£ < 
composition  was  found  on  the  poor  sites  of  1 1| 
dormant  harvest,  but  the  largest  gain  is  on  ; 
better  sites  with  a  9  percent  increase.   Thj = 
larger  increase  on  the  better  sites  is  due  tJ 
the  higher  sprouting  frequency  of  white  oal 
stumps  that  make  up  the  largest  oak  componert 
Oak  advance  regeneration  (Table  10)  registei 
larger  gains  on  both  site  classes  with  a  doi 
mant  season  harvest.   The  approach  of  using 
percent  changes  in  the  number  of  stems  to 
quantify  changes  in  species  composition  is  h«  1  "■ 
but  not  final.   It  should  be  realized  that  jais 
registered  may  be  the  result  of  large  decree:' 
in  another  species  group  and  not  a  real  chai  ? 
in  the  density  of  stems  of  the  specie  of  inl  =!Sti 
Use  of  analysis  of  covariance  to  correct  sai  f 
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Table  6  -  A  summary  of  sourwood  re 
after  two  growing  seasons,  Critz 

generation  bv 
,  Va. 

origin. 

season  of  harvest,  and 

site  class 

DORMANT  SEASON  HARVEST 

GROWING  SEASON  HARVEST 

REGENERATION 
ORIGIN 

POOR  SITE  CLASS 
Stems      Meanl/ 
per        Height 
acre        (feet) 

GOOD  SITE 
Stems 
per 
acre 

CLASS 
Meanl_/ 
Height 
(feet) 

POOR  SITE 

CLASS 

GOOD  SITE 

CLASS 

Stems 

per 

acre 

Mean 

Height 

(feet) 

Stems 

per 

acre 

Mean 

Height 

(feet) 

Stump 

sprouts2/ 

180 

8.8  a 

60 

8.8  a 

204 

6.0  b 

108 

5.9  b 

Advance 

(41%) 

(29%) 

(52%) 

(41%) 

regeneration 

432 

5.8  a 

180 

4.4  a 

102 

4.7  b 

348 

4.3  a 

Root  sprouts 

6 

3.8  a 

0 

0 

18 

5.8  a 

0 

0 

Seedlings 

0 

0 

0 

0 

0 

0 

0 

0 

Total 

regenerants 

618 

240 

324 

456 

1/   for  each  origin  in 

the  same  site  class  of  di 

f ferent 

harvests,  means 

followed  by  the  same 

letter  indicate  harvests  are  not  significant 
Sum  Test)  . 

ly  different  at  alpha  = 

.05  (Wi 

Icoxon  Rank 

2/   number  in 

parenthesis  is  the  frequency  of  occurrence 

of  this  class 

of  regenerant  in 

sampled  subcells. 

• 

[ 

Table  7  -  A  summary  of 

other  woodv 

regeneration 

by  origin,  season  of  harvest,  ai  J  site 

class  after 

two  growing  seasons, 

Critz,  Va. 

DORMANT  SEASON  HARVEST 

GROWING  SEASON  HARVEST 

POOR  SITE  CLASS 

GOOD  SITE 

CLASS 

POOR  SITE 

CLASS 

GOOD  SITE 

CLASS 

REGENERATION 
ORIGIN 

Stems 

per 

acre 

Meanl/ 
Height 
(feet) 

Stems 

per 

acre 

Heaul/ 
Height 
(feet) 

Stems 

per 

acre 

Mean 

Height 

(feet) 

Stems 

per 

acre 

Mean 

Height 

(feet) 

Stump 

sproutsZ/ 

6 

5.8  a 

66 

5.8  a 

18 

5.1  a 

66 

4.7  a 

advance 

regeneration 

1,031 

4.6  a 

4,412 

4.1  a 

10,707 

1.9  b 

3,459 

2.8  b 

Root  sprouts 

5,935 

2.8  a 

18,872 

2.8  a 

13,441 

1.9  b 

17,415 

2.3  b 

Seedlings 

5,096 

0.8  a 

17,535 

1.3  a 

4,796 

0.5  a 

19,633 

0.6  b 

Total 

regenerants 

12,068 

40,885 

28,962 

40,573 

1  1/   for  each 

Drigin  in 

the  same  site  class  of  different 

harvests,  means  followe 

d  by  the  same 

letter  in 

dicate  harvests  are  not  significantly  different  at  alpha  = 

=  .05  (Wi 

Icoxon  Rank 

Sum  Test) 

. 

2/  number  in 

parenthe 

sis  is  the  f 

requency  of  occurrence  of  this  class 

of  regenerant  in  sampled 

subcells. 

I 

3Le  8  -  A  summary 

of  oak  regeneration 

and  all  other 

regeneration  by  origin 

,  season 

of  harvest 

,  and 

t 

Lte  class  after 

two  growing  seasons. 

Critz,  Va. 

DORMANT  SEASON  HARVEST 
POOR  SITE  CLASS        GOOD  SITE  CLASS 


GROWING  SEASON  HARVEST 
POOR  SITE  CLASS    GOOD  SITE  CLASS 


SBCIES 


REGENERATION 

Stems 

ORIGIN 

per 

acre 

Stump 

sprouts 

156 

Advance 

regeneration 

9,928 

Meanj^/ 
Height 
(feet) 


Stems 
per 


Mean_l/ 
Height 
(feet) 


Stems 

per 

acre 


Mean    Stems 
Height  per 
(feet)   acre 


Mean 

Height 

(feet) 


8.1  a 
1.9  a 


132 
5,809 


6.6  a 

2.9  a 


102 
6,570 


5.1  b     72 
2.1  a  2,926 


5.2  b 
2.0  b 


1/ 


Stump 
sprouts  294 

Advance 
regeneration    2,500 


9.2  a        300        8.8  a       276       6.2  b    336       5.9  b 
5.1  a 5,839 4.6  a    11,055 2.7  b  4,628 3.6  b 


for  each  origin  in  the  same  site  class  of  different  harvests,  means  followed  by  the  same  letter  indicate 
harvests  are  not  significantly  different  at  alpha  =  .05  (Wilcoxon  Rank  Sum  Test). 
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Table  9  -  Comparison  of  pre-  and  post-harvest  stand  composition  by  season  of  harvest  and  site 
class,  Critz,  Va. 


DORMANT  SEASON  HARVEST 
POOR  SITE  CLASS         GOOD  SITE  CLASS 


Percent 

Percent 

of  stems 

change 

OAKS 

1/  Pre-harvest 

33 

2/  Post-harvest 

35 

+2 

RED  MAPLE 

Pre-harvest 

17 

Post-harvest 

16 

-1 

YELLOW-POPLAR 

Pre-harvest 

4 

Post-harvest 

8 

+4 

SOURWOOD 

Pre-harvest 

29 

Post-harvest 

40 

+11 

OTHER  WOODY 

Pre-harvest 

17 

Post-harvest 

1 

-16 

Percent 

Percent 

of  steins 

change 

22 

31 

+9 

21 

26 

+5 

.18 

14 

-4 

18 

14 

-4 

21 

15 

-6 

GROWING  SEASON  HARVEST 
POOR  SITE  CLASS     GOOD  SITE  CLASS 
Percent   Percent   Percent    Percen 
of  stems   change of  stems   change 


30 

27 

18 
10 

2. 
5 

41 
54 


+3 


+13 


-5 


18 
18 

23 

34 

8 
6 

26 
27 

25 

15 


+11 


+1 


-10 


1^/  based  on  number  of  pre-harvest  overstory  stems  (over  16.4  fto) 

_2/  based  on  number  of  pre-harvest  overstory  stumps  that  produced  at  least  one  sprout  greater  than 
3.3  ft.  two  growing  seasons  after  harvest. 

Table  10  -  Comparison  of  the  pre-  and  post-harvest  advance  regeneration  component  of  stand 
composition  by  season  of  harvest  and  site  class,  Critz,  Va. 


DORMANT  SEASON  HARVEST 
POOR  SITE  CLASS         GOOD  SITE  CLASS 


Percent 

Percent 

of  stems 

change 

OAKS 

1/  Pre-harvest 

40 

2/  Post-harvest 

80 

+40 

RED  MAPLE 

Pre-harvest 

26 

Post-harvest 

8 

-18 

YELLOW  POPLAR 

Pre-harvest 

1 

Post-harvest 

1 

0 

SOURWOOD 

Pre-harvest 

1 

Post-harvest 

3 

+2 

OTHER  WOODY 

Pre-harvest 

32 

Post-harvest 

8 

-24 

Percent 

Percent 

of  stems 

change 

17 

50 

+33 

41 

7 

-34 

1 

3 

+2 

2 

2 

0 

39 

38 

-1 

GROWING  SEASON  HARVEST 
POOR  SITE  CLASS     GOOD  SITE  CLASS 
Percent   Percent   Percent    Percent 
of  stems   change of  stems   change 


26 
37 

31 
1 

1 
1 

1 
1 

41 
60 


+9 


-30 


+19 


13 
39 

29 
8 

1 
2 

1 
5 

56 
46 


+26 


-21 


+1 


+4 


-10 


1/  based  on  number  of  pre-harvest  stems  less  than  16.4  ft.  in  height. 

2/  based  on  number  of  post-harvest  stems  not  originating  from  the  stumps  of  per-harvest  overstoii* 
and  not  post-harvest  seedling. 


values  for  pre-harvest  density  would  be  desirable 
and  would  allow  for  direct  comparisons  of  density 
values  in  Tables  2-8.   Use  of  this  approach  in 
future  studies  will  require  larger  samples  to 
eliminate  the  variation  caused  by  the  clumpy 
distribution  of  this  type  of  regeneration. 


SUMMARY  AND  CONCLUSION 

The  superior  height  of  stump  sprouts  will 
enable  them  to  become  the  dominant  component 
of  the  new  canopy,  while  advance  regeneration 
will  probably  fill  what  holes  remain.   Root 


sprouts  and  seedlings,  because  of  their  sm£iil 
stature,  will  probably  contribute  little.  I 
dormant  season  harvest  resulted  in  taller 
sprouts  of  the  oaks  and  yellow-poplar,  as  \: 
as  taller  sprouts  of  the  undesirable  compeH 
red  maple  and  sourwood.   Although  the  densitol 
red  maple  stump  sprouts  was  increased  on  tl  s; 
poor  sites  with  a  dormant  season  harvest,  l'^ 
was  little  change  on  the  better  sites.   Sott™ 
density  can  be  effectively  reduced  on  betti  t 
sites  with  a  dormant  season  harvest,  but  w:  1 
increase  on  the  poorer  sites.   Advance  regi'^' 
tion  of  red  maple  and  sourwood  are  both 
competetive  with  oak  advance  regeneration  ;  r 
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wLl  provide  significant  competition  regardless 
o  season  of  harvest.   The  relative  dominance 
0  oaks  may  suffer  somewhat  with  a  dormant 
S|ason  harvest,  but  their  potential  advantage 

the  increase  in  the  density  of  stump  sprouts 
a|i  advance  regeneration. 


Favorable  oak  stocking  can  only  be  accomplished 
the  stems  are  present  there  to  begin  with. 
Lvicultural  treatments  such  as  stump  treatment 
w;h  herbicides  at  time  of  harvest  (Lewis  1984) 
ci  be  utilized  to  reduce  competing  stems  of  red 
msle,  sourwood,  and  if  desired,  yellow-poplar. 
F;ure  results  of  this  study  will  indicate  on 
w^it  site  qualities  competition  control  may  be 
a>antageous.   However,  the  larger  densities  of 
ciopy  species  (red  maple  and  yellow-poplar)  on 
t|;  better  sites,  and  large  component  of  less 
vigorous  white  oak,  may  require  that  treatment 
b,  directed  to  these  sites.   From  an  economic 
simdpoint,  silvicultural  treatments  would  also 
bimore  justified  on  these  better  sites  since 
tl;y  are  capable  of  producing  high-quality  red  and 
wfite  oak  sawtimber. 
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DESIGN  PARAMETERS  FOR  A  BIOMASS  HARVESTER  FOR 
SHORT-ROTATION,  HARDWOOD  STANDs' 


Harry  G.  Gibson 
Philip  E.  Pope^ 


Abstract." Design  parameters  for  a  short-rotation,  hardwood  biomass 
harvester  were  developed  from  field  tests  and  mathematical  simulations  methods. 
Severing  methods,  tires  versus  tracks,  and  compaction  were  evaluated  from  field 
tests.  Power,  weight,  tractive  effort  and  speed  requirements  were  determined 
from  simulation  methods. 


INTRODUCTION 

Wood  is  the  largest  biomass  energy  resource  in  the  United  States 
and  its  importance  as  an  alternate  of  supplemental  fuel  is 
dramatized  by  recent  fossil  fuel  shortages.  A  report  from  the  Office 
of  Technology  Assessment  (1980)  indicates  woody  biomass,  in 
addition  to  its  traditional  uses,  will  play  a  major  role  in  future 
energy  production  through  gasification  or  conversion  to  liquid  fuels. 
In  the  short  run,  most  of  the  energy  resource  needs  from  biomass  is 
expected  to  come  from  residues  in  conventional  harvesting  but  an 
increase  in  the  intensity  of  forest  management,  including  the 
establishment  of  biomass/ silage  plantations,  may  be  essential  to 
achieve  the  projected  energy  yield  from  wood  while  maintaining  the 
supply  of  material  to  forest  industries. 

Numerous  studies  have  been  undertaken,  and  many  completed, 
regarding  practices,  economics,  and  production  of  short-rotation, 
intensively  cultured  (SRIC)  tree  plantations  (Pope  and  Gibson,  1984; 
P.C.  Jones  and  S-Y.  Shen.  1982;  A.D.  Vyas  and  S-Y.  Shen,  1982). 
Information  on  technology  to  harvest  SRIC  tree  plantations  is  more 
limited  (Pope  and  Gibson,  1983)  and,  in  general,  discusses  biomass 
harvester  designs  that  are  outgrowths  of  conventional  timber 
harvesting  machines. 

Belanger  (1979)  and  Machado  (1981)  note  that  the  method  of 
harvest  can  have  a  significant  impact  on  the  productivity  of  the 
remaining  stump.  Scientists  have  recognized  the  importance  of 
stump  managemeni  in  sustained  coppice  productivity  for  some  time. 
Research  plantings  are  usually  harvested  manually  during  the 
dormant  season  and  care  is  taken  to  maintain  a  15  cm  stump  height, 
minimize  disturbance  of  the  root  system,  and  make  smooth  stump 
cuts  —  all  of  which  minimizes  the  likelihood  of  stump  fracture  or 
splitting  which  reduces  coppice  productivity  (Hansen  and  Baker, 
1979;  Belanger,  1979).  When  SRIC  plantations  have  been  harvested 
mechanically  (Dawson  et.  al.,  1976;  Perala,  1979)  there  have  been  no 
data  presented  for  stump  damage  and/ or  subsequent  coppice 
productivity. 


1  Paper  presented  at  .Southern  Silvicultural  Research  Lonference,  Atlanta.  Georgia, 
November  7-X.  19X4. 

2  Associate    Professor.   Agricultural    Engineering   Department,    Purdue    University, 
West  Lafayette,  IN  47907, 

i     Associate  Professor.  Dept.  of  Forestry  and  Natural  Resources.  Purdue  University, 
West  Lafayette.  IN  47907. 
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Some  developments  have  been  made  towards  harvestir  ;'i« 
quality  hardwoods  through  the  use  of  a  tracked  harvester/(  u: 
(Koch  and  Savage,  1980).  This  type  of  harvester  was  not  di  J 
for  SRIC  plantation  use,  however,  and  indications  are  tl  le 
weight  and  track  carrier  of  this  type  of  machine  would  se  i  Iv 
damage  the  root  stock.  In  fact,  the  machine  is  promoted  lliie 
conversion  where  hardwood  root  stock  mortality  is  ber  ii 
Scandinavian  efforts  toward  SRIC  biomass  harvester  develo 


are    relatively    new    (Crafood,     1980)    and    are    directed    t 
Scandinavian  species  and  site  conditions.     Brazilian  efforts 
mechanizing     SRIC     plantation     harvesting     have     been    n 
(Machado,  1981),  mainly  due  to  low  labor  costs  and  plentiful 

Presently,  technology  for  mechanized  harvesting  of  sin| 
multiple  stems  of  the  size  attainable  in  a  3-5  year  rotation  is  1 
Paramount  in  developing  a  harvesting  system  will  b 
effectiveness,  minimization  of  detrimental  impacts  on  the  s 
assurance  of  survival  and  continued  productivity  of  the 
remaining  after  harvest.  Productivity  data  are  availat 
successive  rotations  of  American  sycamore  (Platanus  occidem 
and  eastern  cottonwood  (Populus  deltoides,  Bastr.)  for  root 
of  varying  age  but  these  plantations  were  harvested  manua 
care  was  taken  not  to  damage  the  root  stocks.  Previous  r 
indicates  that  conventional  equipment  is  too  costly,  caui 
compaction  and  may  injure  the  remaining  stumps  to  the  extt 
biomass  yields  can  be  significantly  reduced  (Machado,  1981 
objectives  of  this  study  were  to  determine  the  intlue 
mechanical  stem  severing  techniques  on  the  coppice  product 
biomass  plantations  and  to  develop  parameters  for  the  desi, 
harvester  for  SRIC  coppice  biomass  tree  plantations.  An  assi 
of  soil  compaction  influence  on  coppice  productivity  was 
objective  of  the  study. 


PROCEDURES 

Study  Site 

Short  rotation  intensive  culture  (SRIC)  biomass  plantau 
black   locust  (Rohinia  pseudoacacia   L.)  and   European  blac   * 
(AInus  glutinosa  L.)  were  established  at  Martell  Forest  in  thi    '"'■ 
of  1979.    Prior  to  planting,  the  site  was  characterized  by  sc  I P' 
slope,  aspect,  estimated  tree  productivity  and  soil  nutrient  : "' 
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■n(|/ear-old  bareroot  seedlings  of  each  species  were  planted  in  pure 
ars  equivalent  to  5,000.  10.000  and  20,000  plants  per  hectare  (ha), 
renting  spacings  of  2  x  1,  1  x  1  and  0.5  x  I  m,  respectively. 
,tudy  plots  were  limed  and  fertilized  as  specified  in  the  study 
and  competing  herbaceous  and  woody  vegetation  was 
oiled  by  cultivation.  The  experimental  design  for  each  tree 
:s  consisted  of  two  fertilizer  treatments  (for  another  study 
ted  on  separately)  randomly  assigned  over  three  blocks  forming 
lain  plots.  Three  spacings  were  randomly  assigned  to  subplots 
1  each  main  plot.  Each  subplot  was  12x12  meters.  T!ie  study 
arranged  in  a  randomized  complete  block  design  with  three 
ations  and  analyses  based  on  unequal  sample  size. 


iaiesting  Method  Evaluation 

fter  three  growing  seasons,  alternate  rows  of  the  original  12  x 
2  net  plots  were  harvested  by  sawing  or  guillotine  shearing  at  a 
tatard  15  cm  stump  height.  Border  rows,  to  be  used  for  an 
ssi>ment  of  the  impact  of  soil  compaction  on  coppice  growth  and 
ov  allocated  to  determine  the  influence  of  vehicle  track  damage  on 

ofice  growth,  were  excluded  frorn  the  measurement  plots.  In 
ot;  90  m"  of  the  original  144  m  was  evaluated  to  assess  the 
nllpnce  of  harvesting  technique  on  coppice  productivity.  The  cut 
tups  were  coded  by  the  method  of  harvest,  stump  diameter,  and 
tup  condition.  Stump  condition  was  classified  by  the  evenness  ol 
ut  he  amount  of  compressed  wood  and  the  extent  of  bark  damage 
Tae  I). 


Table  I.    Classification  of  stump  damage 

caused  by  the  method  of  harvesting 

sawing  or  guillotine  shearing. 


Component 
Evaluated 


Method  of  Evaluation 


Fertilizer  was  applied  to  one-half  of  the  harvested  area  to  include 
both  harvesting  techniques.  Coppice  productivity  was  evaluated  for 
each  stem  severing  technique  for  four  fertilizer  treatments.  At  time 
of  planting,  soil  samples  were  collected  from  24  locations,  in  each  of 
the  main  plots. 

Coppice  productivity  for  all  stumps  was  assessed  by  the  number 
of  sprouts  per  stump,  and  the  height  and  diameter  of  the  dominant 

stem.  The  coppice  on  10  percent  of  the  stumps  was  removed  after 
the  first  growing  season  and  total  dry  weight  determined. 
Regression  analysis  was  used  to  predict  (estimate)  the  standing 
coppice  biomass. 

Ihe  study  was  arranged  in  a  randomized  complete  block 
factorial  design  with  5  replications  of  each  treatment.  For  each  tree 
species,  locust  and  alder,  the  factors  are  3  spacing  densities,  4 
fertilizer  treatments  and  2  methods  of  harvesting.  A  total  of  630 
stems  were  harvested  for  each  tree  species.  For  each  tree  species,  45 
trees  were  harvested  by  each  stem  severing  technique  on  the  2  x  I  m 
plot,  90  trees  by  each  technique  on  the  I  x  I  m  plot  and  180  trees 
on  the  0.5  X  I  m  plot.  Border  row  trees  served  as  a  buffer  and  were 
not  measured. 

A  two-wheel-drive,  rubber-tired  tractor,  having  a  ground 
pressure  of  16  psi,  was  driven  between  rows  of  alder  and  locust 
harvested  by  shearing  or  sawing  to  simulate  the  effect  on  the  soil  of 
harvesting  equipment.  Treatments  included  0,  2,  6  or  10  passes  over 
the  soil.  Compaction  treatments  were  conducted  when  the  soil 
moisture  was  approximately  15.5  percent.  Based  on  a  previous 
study  (Gaultney,  1980).  the  potential  for  soil  compaction  is  greatest 
in  the  range  of  17  to  18  percent  soil  moisture  for  this  Fincastle  sill 
loam  soil.  Immediately  following  the  compaction  treatments,  soil 
compaction  was  determined  between  rows  (in  the  vehicle  track)  and 
within  rows  of  stumps  (not  in  the  vehicle  track).  Compaction,  as 
measured  by  a  cone  penetrometer,  was  taken  at  three  depths,  0-7 
cm,  9-15  cm  and  27-33  cm  with  three  replications  for  each  sample 
depth. 


Average  of  3  diameter  measurements 
Stem  were  recorded.    Point  of 

Diameter  measurement  was  6  cm  below 

the  point  of  detachment. 

1  =  no  compression  wood 

2  =  compression  wood  in  >  0-25%  of 

the  exposed  stump  surface 

3  =  compression  wood  in  26-50%  of 
Compression  the  exposed  stump  surface 
Wood                  4  =  compression  wood  in  51-75%  of 

the  exposed  stump  surface 
5  =  compression  wood  in  76-100%  of 
the  exposed  stump  surface 

1  =  no  separation  of  cambial  tissue 

from  woody  tissue 

2  —  l-25%i  of  the  cambium  separated 

from  the  woody  tissue 
Cambial  3  =  26-50%,  of  the  cambium  separated 

Tissue  from  the  woody  tissue 

Injury  4  =  51-75%  of  the  cambium  separated 

from  the  woody  tissue 
5  =  76-100%  of  the  cambium  separated 

from  the  woody  tissue 


Compaction  and  Stump  Damage  Evaluation 

To  measure  the  influence  of  compaction  on  stump  productivity, 
data  was  collected  on  the  number  of  sprouts  per  stump  and  height 
of  the  dominant  sprout.  The  statistical  design  was  a  completely 
randomized  design  with  3  replications  for  each  compaction 
treatment  with  10  observations  per  replication.  Data  was  analyzed 
by  analysis  of  variance  and  mean  values  for  significant  variables 
were  separated  by  Duncan's  new  multiple  range  test.  Damage  to 
stumps  may  be  caused  by  the  tires  or  tracks  of  the  carrier.  To 
assess  this  damage  and  its  impact  on  stump  productivity,  designated 
rows  of  alder  and  locust  harvested  by  each  of  the  stem  severing 
methods  were  subjected  to  four  passes  by  either  a  tracked  vehicle  or 
a  rubber-tired  tractor.  Damage  was  assessed  immediately  and 
placed  into  one  of  four  categories  (lable  2).  The  number  of  sprouts 
per  stump  and  the  height  of  the  dominant  stem  of  each  stump  were 
used  to  estimate  the  influence  of  stump  damage  on  productivity. 
Data  were  analyzed  by  analysis  of  variance  and  means  of  signflcant 
treatments  were  separated  by  Duncan's  new  multiple  range  test. 

To  saw  the  trees  a  standard  chamsaw  was  used.  Shearing 
required  construction  of  a  prototype  shear  that  would  sever  the  tree 
(fig.  1).  Rows  of  trees  within  a  plot  being  harvested  by  the  same 
method,  chainsaw  or  shear,  were  cut  at  approximately  six  inches  (15 
cm)  above  ground  level  (fig.  2).  Fresh  weights  were  determined  for 
all  trees  within  a  plot  being  harvested  by  the  same  method. 
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Table  2.    Rating  scheme  for  damage  inflicted 

on  harvested  stumps  caused  by  rubber-tired 

or  traci<  vehicles. 


Code 


Type  of  Damage 


0  No  Damage 

1  Slight  Damage  (minimal  damage  to  stump) 

2  Moderate  Damage  (up  to  50%  of  the  bark 
lossened  or  removed,  stump  moveable) 

3  Heavy  Damage  (more  than  50%  of  the  bark 
loosened  or  removed,  stump  split,  and 
dislodged  and/ or  roots  uplifted. 


Figure    I.     Hydraulic  shear  used   to  sever  stem    15  cm  above  the 
ground. 


Stumps  in  selected  rows  were  intentionally  damaged  by  a  r 
steel  tracked,  dozer.  A  pass  down  the  row  and  back  was  us  c 
simulate  movement  of  the  machine  in  a  harvesting  oper  i, 
Similarly,  stumps  in  other  rows  were  scraped  or  run  over  wil  i' 
rubber  tires  of  a  medium-sized  Ford  tractor.  Again,  a  pass  (i 
the  row  and  back  was  used  to  simulate  movement  during  harve 


Harvester  Simulation 

Seven  variables  were  selected  as  representing  the  imp(  • 
parameters  that  govern  the  performance  of  a  self-propelled  v )' 
biomass  harvester.  These  variables  are:  speed,  width,  weight,  ill 
power,  tractive  effort,  and  hours  of  operation  per  year, 
optimizing  simulation  model  was  developed  for  a  woody  hi'  r 
harvester  using' successive  linearization  as  per  the  method  us  i 
Griffith  and  Stewart  in  their  OPTLIB  model.  This  simulate  ! 
used  to  determine  optimum  general  harvester  specifications.        I 


RESULTS 


Chainsaw  Versus  Shearing 


I 


Method  of  harvest  had  no  significant  influence  on  coppkin 
matter  production  of  individual  stumps  or  the  stemifoliage  v^; 
ratio  which  averaged  0.54  kg  per  stump  and  1.58,  respeci'|, 
However,  total  coppice  dry  matter  produced  per  stump  tendedi'ij: 
greater  for  the  sheared  stumps  at  the  I  x  I  (0.53  vs  0.32)  and  Q^j 
m  (0.47  vs  0.36)  spacings.  A  summary  of  the  influenfef 
chainsawing  and  shearing  on  growth  parameters  of  alder  copiiMi 
presented  in  Table  3. 


Injuries  from  Tractors  ; 

Tracked  vehicles  caused  more  stump  injuries  than  rubbei'ti 
vehicles  for  both  tree  species  tested  (Table  4).  Black  locust  t  nil 
to  incur  more  damage  than  alder  for  each  of  the  treatments  d 
but  a  X'  goodness  of  fit  test  indicated  no  significant  difference  i!l 
trend  for  more  stump  injury  in  locust  may  be  a  result  fi' 
inherently  lower  wood  moisture  content  which  can  cause  theii|i 
and  stemwood  to  split  under  stress.  The  alder  stumps  were  i  ci 
easily  dislodged  as  the  locust  but  did  experience  more  separat  )f 
the  cambial  tissue  from  the  wood.  i     ' 

Productivity  of  the  stumps  were  inversely  related  to  t:p 
damage  though  productivity  significantly  declined  only  for  s  js 
assessed  as  being  heavily  damaged  (Table  5).  The  productivit  :» 
stump  within  a  damage  category  was  not  influenced  by  the  it  ;'ii 
used  to  inflict  the  damage.  Consequently,  productivity  wii  i  J 
particular  damage  category  is  averaged  for  tracks  and  rubber  i 
The  injury  inflicted  on  the  stumps  resulted  from  four  passes  u 
metal  tracked  or  rubber-tired  vehicle.  It  is  unlikely  that  jti 
deliberate  and  extensive  damage  will  occur  in  an  operational  ip 
However,  it  is  apparent  from  the  data  that  damage  must  be  rlie 
moderate  to  heavy  category  before  a  reduction  in  stump  produ  tly 
is  observed. 


Figure  2.    Stump  from  tree  that  has  been  sheared  at  15  cm  height. 
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Table  3.    Summary  of  the  intluence 
method  of  harvest  on  the  growth  para- 
meters of  coppice  for  European  black  alder. 


Spacing  0.5  x  Im 


Variable 
Sprout  Height  (cm) 
Number  of  Sprouts 
Dry  Wt  (Stem)  kg 
Dry  Wt  (Fol)  kg 
Total  (Dry  Wt)  kg 
Stem/ Foliage 

Spacing  I  .\  I  m 


Variable 
Sprout  Height  (cm) 
Number  of  Sprouts 
Dry  Wt  (Stem)  kg 
Dry  Wt  (Fol)  kg 
Total  (Dry  Wi)  kg 
Stem/ Foliage 

Spacing  2  x  I  m 


Variable 
Sprout  Height  (cm) 
Number  of  Sprouts 
Dry  Wt  (Stem)  kg 
Dry  Wt  (Fol)  kg 
Total  (Dry  Wt)  kg 
Stem/ Foliage 


Method  of 

Harvest 

nfe 

Chainsaw 

Shear 

in  A 

168.2 

14.0 

14.3 

0.179 

0.273 

0.098 

0.127 

0.277 

0.400 

1.82 

2.14 

Method  of 

Harvesti 

ng 

Chainsaw 

Shear 

145 

135 

16.1 

18.4 

0.306 

0.236 

0.169 

0.143 

0.475 

0.379 

1.81 

1.65 

Method  of 

Harvesti 

ng 

Chainsaw 

Shear 

III 

116 

18 

20 

0.18 

0.18 

0.15 

0.12 

0.33 

0.30 

1.20 

1.50 

Soil  Compaction 

Compaction  results  from  cone  index  readings,  figures  3  and  4, 
and  bulk  density  measurements,  figure  5,  give  general  indications 
that  soil  strength  (cone  index)  and  soil  density  (bulk  density) 
increased  with  the  number  of  passes  made  by  the  agricultural  tractor 
tire.  Different  soil  cor.ditions  existed  initially  at  different  depths  on 
Plot  6  (fig.  3)  as  the  cone  index  readings  dropped  from  2  inches  (5.1 
cm)  down  to  6  inches  (15.25  cm)  but  a  higher  reading  was  found  at 
the  12  inch  (30.5  cm)  depth.  The  soil  condition  at  the  12  inch  depth 
is  attributed  to  agricultural  plowing  of  the  soil  in  prior  years  that 
developed  a  compressed  pan  of  soil  at  that  depth. 

On  Plot  6  all  soil  depths  showed  an  increase  in  penetration 
resistance  as  recorded  by  the  cone  penetrometer  with  increased 
passes  of  the  agricultural  tractor  over  the  soil  with  two  exceptions: 
At  the  6  inch  depth  and  6  passes  and  at  the  12  inch  depth  and  6  and 
10  passes. 

The  soil  in  Plot  7  was  of  different  physical  condition  than  Plot  6 
as  evidenced  by  lower  penetration  resistance.  Initial  cone  index 
readings  were  lower,  ranging  from  125  to  144  psi  for  the  2,  4,  and  6 
inch  depths  as  compared  to  190  to  268  psi  for  the  same  depths  in 
Plot  6.  With  succeeding  passes  over  the  soil  by  the  agricultural 
tractor  tire,  cone  index  readings  increased  (fig.  4)  as  they  did  in  the 
previous  area.  Plot  6.  The  12  inch  depth  again  had  higher  readings 
indicating  a  hard  pan. 

Soil  bulk  densities,  figure  5,  showed  the  general  trend  of  soil 
compaction  with  increasing  passes. 

Increased  soil  compaction  from  multiple  passes  of  the 
agricultural  tractor  over  the  plantation  soil  is  reflected  in  reduced 
height  of  one  year  old  coppice  (Table  6).  Zero  and  two  passes 
showed  no  significant  difference  in  number  of  sprouts  or  sprout 
height,  nor  did  six  and  ten  passes.  However,  six  and  ten  pass  sprout 
height  was  less  when  compared  to  zero  and  two  pass  growth.  In 
effect,  compaction  did  reduce  sprout  height  after  more  than  two 
passes.  From  a  design  standpoint,  production  will  be  reduced  after 
more  than  two  passes,  hence  ground  pressure  from  the  harvester 
tractive  component  (tires  or  tracks)  and  repeated  travel  over  the  site 
should  be  minimized.  Put  another  way,  the  contact  patch  with  the 
ground  of  tires  or  tracks  should  be  maximized  up  to  the  point  of 
incurring  damage  from  limited  maneuverability  due  to  the  tractive 
component  width.  Tracks,  due  to  their  larger  contact  patch,  would 
be  the  logical  choice  if  only  compaction  were  considered. 


Table  4.    Influence  of  metal-tracked  or  rubber-tired 
vehicles  on  the  damage  inflicted  on  15  cm  stumps  of 
locust  and  alder.    Values  represent  the  frequency  (%) 
that  a  particular  level  of  damage  is  present. 


Damage 

Metal  Tracks 

Rubber-  Tires 

Classification 

Locust 

Aide 

None 

10 

15 

Slight 

20 

20 

50 

55 

Moderate 

30 

35 

25 

20 

Heavy 

50 

45 

15 

10 

Harvester  Simulation  Results 

The  optimization  model  OPTLIB  was  used  with  selected 
harvester  operating  variables  to  determme  different  combinations  of 
design  parameters  for  such  a  machine. 

Variables  used: 

XI  =  Harvester  Speed 

X2  =  Width 

X3  =  Weight 

X4  =  Price 

X5  =  Horsepower 

X6  =  Tractive  Effort 

X7  =  Hours  of  Operation  (annual) 

The  overall  strategy  is  to  produce  wood  chips  at  the  lowest 
possible  cost.  To  do  this  a  machine  must  be  matched  to  the 
optimum  operating  conditions.  With  the  seven  variables  defined  an 
equation  describing  cost  of  producing  chips  with  a  harvester  is 
formulated.   This  equation  is: 

MINIMIZE:    Machine  Cost  Per  Year/ Tons 
Harvested  Per  Year 
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Table  5.  Influence  of  stump  damage  on  the  productivity 
of  I  year-old  coppice  of  locust  and  alder. 


Locust  A  Ider 

Damage  Stem  Ht.  Number  of  Stem  Ht.  Number  of 

Classification  (cm)  Sprouts/Stump  (cm)  Sprouts/ Stump 


None 

146a' 

lOa 

157a 

15a 

Slight 

143a 

7a 

I6la 

16a 

Moderate 

I07ab 

9a 

I17ab 

14a 

Heavy 

49  b 

4b 

69  b 

8b 

Values  for  a  particular  tree  species  and  productivity  variable 
not  followed  by  the  same  letter  are  significantly  different 
by  Duncan's  new  multiple  range  test  (a  =  0.05). 


Table  6.  Effect  of  soil  compaction(number  of  passes)  on  the 

productivity  (height  and  number  of  sprouts)  of  lyear  old  coppice  of 

black  locust  and  European  black  alder. 


Number  of  Passes 

0  2  6  10 

Locust       Alder       Locust       Alder       Locust       Alder       Locust       Alder 

Height  (cm)        I37a"^         I5la  130a  149a  87b  lOlb  56b  91b 

Number  of 

Sprouts  9a  15a  7a  15a  lOa  12a  8a  I  la 

Values  for  a  particular  characteristic  for  each  species  not 
followed  by  the  same  letter  are  significantly  different  by  Duncan's 
new  multiple  range  test  (a  =  0.05). 

NOTE:    There  was  not  an  influence  of  harvesting  as  a  main  or  interactive  variable. 
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S  300 


NUMBER  OF  PASSES 

Figure  3.    Soil  compaction  as  indicated  by  cone  index  values  for  multiple  passes  over  the  soil  by  an 
agricultural  tractor  (Plot  6). 


NUMBER  OF  PASSES 

Figure  4.    Soil  compaction  as  indicated  by  cone  index  values  for  multiple  passes  (Plot  7). 
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Figure  5.    Effect  of  machine  passes  on  bulk  density  of  the  soil. 
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This  basic  equation  results  in  $/ton  and  can  be  rewritten  in  terms  of 
the  variables  giving  the  objective  function  to  be  optimized. 

OBJECTIVE  FUNCTION  =  MIN: 

(0.I1483*X4+0.015*X5*X7+3.373*X7) 
-(X1(X2*X7)) 

Using   the   relationships   described   above   the   objective   function   is 
subject  to  the  following  constraints: 

a.  WEIGHT  =  109.6  *  HP 

b.  HP=.00267*TE*SPEED+35.I647*SPEED*WIDTH 

+  .606097*WIDTH 

c.  TE  =  0.22#WEIGHT 

d.  PRICE  =  250.  #  HP 

Initially  five  starting  points  were  determined  to  make  sure  the 
program  would  converge  on  the  global  optimum  if  there  was  one. 
The  five  points  picked  were  scattered  throughout  the  feasible  regions 
defined  for  the  objective  function. 

Initial  runs  indicated  there  were  several  local  optima  and  the 
algorithm  converged  differently  depending  on  the  initial  starting 
point.  Although  several  optima  were  found,  obvious  trends  in 
SPEED  and  WIDTH  were  discovered.  Slow  speeds  resulted  in  the 
optimum  solution  throughout  all  horsepower  ranges.  Similarly  wide 
machine  widths  were  present  in  all  results.  This  indicates  the  best 
machine  should  incorporate  a  cutting  head  that  is  as  wide  as 
possible  and  be  designed  to  harvest  at  a  slow  speed  near  one  mile 
per  hour. 

Other  parameters  like  weight,  price  and  tractive  effort  increased 
with  horsepower  as  their  defining  equations  dictate.  Hours 
operating  per  year  were  the  same  for  all  runs  indicating  a  minimum 
for  hours  in  the  objective  function.  Horsepower  at  the  optimum 
differed  depending  on  input  conditions  indicating  the  objective 
function  contains  many  optimum  points  which  the  algorithm 
converged  on  depending  on  initial  proximity  to  the  point.  The  most 
important  result  is  the  net  cost  per  ton  to  produce  wood  chips.  A 
trend  of  decreasing  production  cost  with  increasing  machine  size  is 
present  and  was  somewhat  expected  since  this  is  a  common 
phenomena  in  agricultural  operations.  The  initial  results  indicated  a 
machine  width  much  too  wide  to  travel  on  a  conventional  highway 
so  the  upper  bound  on  width  was  lowered  to  eight  feet. 

Results  of  the  second  analysis  were  identical  to  the  first  except  in 
variables  SPEED  and  WIDTH.  At  the  limited  width  of  eight  feet  in 
this  run,  the  speed  was  increased  to  satisfy  the  constraints  and  the 
same  horsepowers  were  found  to  be  optimum  even  at  these  different 
speed  and  width  combinations.  The  net  result  of  imposing  narrower 
width  restrictions  than  found  optimum  was  a  higher  cost  per  ton  of 
wood  chips  produced. 

Investigation  of  possible  tire  combination  to  work  with  the  above 
machine  parameters  produced  a  limitation  on  machine  weight  below 
the  initial  estimate.  Combining  this  restriction  with  tire  performance 
charts  the  maximum  weight  of  an  eight  foot  wide  harvester  must  be 
limited  to  26,600  lbs. 

The  program  converged  on  the  same  solution  as  before  instead 
of  finding  another  feasible  local  optimum  between  220  HP  and  254 
HP.  This  indicates  there  is  no  other  optimum  solution  between 
these  values.  The  selection  of  the  following  design  parameters  is 
suggested  based  on  this  analysis. 


1.  SPEED:    .73  mph 

2.  WIDTH:    8.0  feet 

3.  WEIGHT:    24189  lbs. 

4.  PRICE:    55176  dollars 

5.  H.P.:    220 

6.  TRACTIVE  EFFORT:    5321  lbs. 

7.  HOURS:    1 167  operate  per  year 

8.  PREDICTED  COST:  2.07  $/TON 

The  alternatives  considered  in  this  study  -  tracks  vs.  wheenj 
vs.  shears,  and  combinations  of  weight,  horsepower,  and 
result  in  general  specifications  for  a  harvester  for  short  r  j 
intensively  cultured  (SRIC)  tree  species  for  energy  plan  i 
While  these  specifications  should  be  used  with  caution,  they  (j 
indicators  for  design  of  a  harvester  to  be  used  on  SRICt 
plantations  composed  of  alder  or  black  locust,  planted  on  on 
spacings,  in  silt  loam  soils  in  mid-western  locations, 
specifications  for  such  a  harvester  are  given  in  Table  7. 

Table  7.  General  Harvester  Specifications. 


i  <■: 


Severing  Method: 


Saws  or  Shears 


Vehicle  Traction  Method:  Pneumatic  Tires 

Tire  Section  Width:  24.5  in.  (62  cm) 

Tire  Design  Diameter:  71.0  in.  (180  cm) 

Vehicle  Operating  Speed:  0.73  mph  (1.17  kph) 

Harvesting  Width:  8  ft.  (2.4  m) 

Machine  Weight:  24,189  lbs.  (10,536  kg) 

Machine  Power:  220  Hp  (164  kw) 


For   a    harvester   with    a   cost    of  $55,176.00,   this   uni 
produce  energy  wood  at  a  cost  of  $2.07  per  ton  ($2.28  pei  P'l 
Severing  method  could  be  either  by  chainsaw  or  by  shear  I  (*) 
sawing  method  would  be  more  conclusive  to  continuous  ir 
the    machine    through    the    plantation   (shearing   would   m  :ei' 
stopping  the  machine  or  a  complex  relative  motion  shear:  ipr 
design). 


CONCLUSIONS 

Method  of  harvest  (sawing  or  shearing)  had  no  si  r 
influence  on  coppice  dry  matter  production  of  individual  ^ 
however,  shearing  of  the  I  x  I  and  0.5  x  I  meter  spacing  |  < 
more  dry  matter  from  sprouts  than  shearing  at  other  sp£  ' 
sawing  at  any  spacing. 

Tracked  vehicles  caused  more  stump  damage  than  rut « 
vehicles  for  both  species  tested.  Productivity  of  the  stu  i 
inversely  related  to  stump  damage  though  productivity  sigi  ' 
declined  only  for  stumps  assessed  as  being  heavily  damaged. 
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eding  passes  of  the  pneumatic  tired  tractor  over 
'ed  subplots  resulted  in  increased  soil  strength  and  density 
15.2  cm.  Compaction  did  not  effect  the  number  of  sprouts 
at  0,  2.  6,  or  10  passes  but  did  significantly  affect  (reduce) 
ight  at  6  and  10  passes. 

;  an  optimization  technique  OPTLIB,  an  analysis  was  made 
ne  parameters  for  the  design  of  a  SRIC  biomass  harvester. 
Its  of  this  optimi-^ation  analysis  gave  the  following  design 
rs: 


Speed: 

Width: 

Weight: 

Price: 

Horsepower; 

Tractive  Effort: 

Operating  Hours: 

Predicted  Cost: 


0.73  mph  (1.17  kph) 
8.0  feet  (2.4  m) 
24,189  lbs.  (10,536  kg) 
55,176  dollars 
220(164  kw) 
5.321  Ibf  (23,668  N) 
1,167  per  annum 
2.07  $/ green  ton 
(2.28  $/ tonne) 


analysis    showed    that    the    best    tractive    means    was    by 
ic  tires,  though  this  is  a  compromise. 
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EARLY  RESULTS  OF  OAK  ENRICHMENT  PLANTINGS  IN 
BOTTOMLAND  HARDWOODS  OF  SOUTH  CAROLINA-' 


21 


L.  E.  Nix,  J.  L.  Raymond,  ard  W.  G.  Woodrum,  Ill- 


Abstract. — Enrichment  plantings  of  cherrybark  oak  on 
bottomland  tracts  in  South  Carolina  were  followed  through 
four  growing  seasons.   One  and  two-year-old  oak  seedlings 
were  planted  In  clearcut  and  shelterwood  cut  blocks  which 
were  disked  prior  to  planting.   Some  seedlings  were  released 
from  understory  competition  by  herbicide  spraying.   Seedlings 
planted  in  areas  initially  clearcut  are  now  under  heavy  com- 
petition regardless  of  early  attempts  at  competition  control. 
Competition  was  effectively  controlled  for  only  two  years  by 
the  herbicide  treatment.   A  small  proportion  (20%)  of  the 
seedlings  planted  in  clearcut  areas  are  tall  enough  (12-15  ft) 
to  appear  to  be  holding  their  own  among  the  competition. 
Seedlings  planted  in  the  shelterwood  cut  areas  are  3-6  ft  tall 
but  many  are  overtopped  by  competition  where  the  overstory  was 
removed  early  (after  a  year) .   Seedling  survival  averages 
about  50%  for  all  treatments. 
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INTRODUCTION 

Although  there  Is  an  abundant  supply  of 
hardwoods  in  the  United  States  today,  the  supply 
of  quality  hardwoods  appears  to  be  diminishing 
while  the  demand  for  quality  hardwood  products 
is  increasing  CMcGarity  1980,  White  1980).   Many 
hardwoods  are  suitable  only  for  species-specific 
markets  while  those  quality  hardwoods  that  are 
generally  suitable  for  a  variety  of  markets  are 
becoming  scarce  or  less  accessible  (Dutrow 
1980)  . 

In  the  United  States,  14  billion  cubic  feet 
of  wood  is  consumed  each  year.   The  hardwood 
component  of  this  consumption  is  25  percent.   An 
Increasing  demand  for  wood  has  been  filled  mainly 
by  relying  on  softwoods  (Knight  and  Kilmon  1978) . 
A  decline  in  softwood  regeneration  and  an  expand- 
ing market  for  hardwoods,  i.e.,  fuel,  chemical 
and  fiber  products,  will  place  an  Increasing 
demand  on  the  hardwood  resource  (Dutrow  1980). 


In  the  South,  55  to  58  percent  of  the  uc 
clal  forests  are  hardwood  and  over  half  of  ''W-ii 
hardwoods  harvested  are  from  bottomlands  (L:'D  Is 
1980).   Hardwood-using  industries  of  the  Soitl 
have  found  that  over  the  past  15  years,  whi!e)! 
need  for  quality  hardwoods  has  increased,  li  q 
sources  have  decreased  due  to  past  cutting  i 
practices  and  land  use  changes  (McGarity  19)  [| 
The  lack  of  qualify  hardwoods,  especially  tl  £j 
oaks,  is  of  increasing  concern  (Dutrow  1980'  |i 
current  regeneration  practices  in  bottomlaiK  I 
stands,  consisting  primarily  of  clearcuttin(  ' 
group  selection  cutting,  are  not  consistent!)!, 
providing  for  establishment  of  quality  oak  .'t|!i 


—'Paper  presented  at  Southern  Sllvl- 
cultural  Research  Conference,  Atlanta,  Georgia, 
November  7-8,  1984. 

2/ 

—  Associate  Professor,  Instructor,  and 

Former  Graduate  Student,  Department  of  Forestry, 

College  of  Forest  and  Recreation  Resources, 

Clemson  University,  Clemson,  South  Carolina. 


When  advanced  oak  reproduction  or  qual: 
sprouting  is  inadequate,  bottomland  stands  1 
containing  an  appreciable  oak  component  are 
erating  to  fast-growing,  light-seeded  specif 
as  elm,  ash,  hackberry,  cottonwood,  and  swef 
after  clearcutting.  Many  stands  on  bottomlc' 
sites  capable  of  supporting  quality  oak  grov 
longer  have  an  oak  component  in  the  overstoi 
Artificial  regeneration  of  oaks  may  be  neces 
where  there  is  inadequate  advance  reproductJ 
present,  where  a  poorly  stocked  stand  alreac 
exists,  or  where  it  Is  not  practical  to  wait 
advance  reproduction  takes  place  (Johnson  15 
Russell  1971).  However,  planting  such  stanc 
oak  after  clearcutting  is  feasible  In  only  i 
situations  where  Intensive  management  is  ecc 
cally  practical.  Only  12  to  15  percent  of  t 
Coastal  Plain  hardwood  forest  area  is  sultal 
Intensive  hardwood  culture  CLlnde  1980). 
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Ence  the  slow  early  growth  of  planted  oak 

ligs  and  the  intense  competition  of  sprouts, 

nd  weeds  on  the  typical  bottomland  site 

necessitate  rigorous  and  expensive  com- 

n  control,  other  m.ethods  of  establishing 

oaks  in  these  stands  need  to  be  evaluated, 
hod  that  might  solve  the  competition 

involves  planting  oaks  under  an  overstory 
ial  overstory,  such  as  shelterwood,  prior 
1  harvest  of  the  stand.   Such  planting 
s  the  natural  development  of  advanced 
ction  in  the  understory  which  is  important 
rqeneration  of  oaks  (White  1980,  Johnson 
lark  and  Watt  1971).   This  type  of  plant- 
intended  to  "enrich"  the  species  composl- 
the  stand  with  quality  oaks,  rather  than 
istlblish  a  pure  oak  stand.   "Enrichment" 


gs  might  provide  a  viable  oak  component 
d  maturity  without  the  high  expense  of 
ve  competition  control  associated  with  an 
antation."  To  enrich  the  species  composi- 
£  stand  the  survival  to  maturity  of  15-20 
aced  oak  trees  per  acre  may  provide  an 
e  quality  sawtimber  component  (Johnson 


e  overall  objective  of  this  study  was  to 
e  the  potential  of  enrichment  planting  of 
dlings  in  bottomland  stands  for  improving 
lity  of  species  composition  where  a 
source  of  oak  reproduction  is  no  longer 

Additional  objectives  were  to  evaluate 
t  competition  control  methods  such  as 
est  disking,  herbicide  application  and 

a  partial  overstory  (shelterwood)  in 
shlng  the  planted  oaks  as  a  permanent 
omponent . 


id 


STUDY  DESCRIPTION 

le  study  area  consists  of  a  first  bottom 
if  70  to  80-year-old  hackberry,  e]m. 


nn|-e,  boxelder,  and  green  ash  with  an 
;ory  of  dense  grasses,  switch  cane,  and 
•ed  privet  hedge  adjacent  to  the  Wateree 
Jr.n  Kershaw  County,  South  Carolina.   The 
s  a  red  river  bottomland  that  was  once 
^land,  but  that  has  reverted  to  a  dense 
iwpd  forest  with  few  understory  trees  or 
ibiover  the  past  century.   The  soil  is  a 
),pll-drained,  fertile  Congaree  series  (a 

amy,  mixed,  nonacid,  thermic  typic 
flj'ent)  subjected  to  occasional  flooding  of 
rtjiuration  and  having  considerable  microsite 
LalLon  due  to  changes  in  surface  soil  texture 
dftinage  features  such  as  sloughs,  old 
Lnjge  ditches,  shallow  basins  and  low  ridges. 
L  }I  (top  6  inches)  ranges  from  6.0  to  6.3 
ttganic  matter  from  7  to  11  percent.   The 
-  1^  well-suited  for  growing  bottomland  oaks 
c^er  valuable  hardwoods.   The  study  area  is 
Jd|)y  Mr.  Francis  Biedler,  Jr.  and  managed  by 
f^liken  Forestry  Company  of  Columbia,  South 
3l|ia,  key  cooperators  in  the  study. 


th 


j3ur  experimental  conditions  were  imposed 
stand  in  5-acre  blocks.   Two  blocks  were 


clearcut  and  two  blocks  were  cut  to  a  shelterwood 
with  40-50  ft=^  basal  area  (BA)  of  residual  over- 
story.  One  of  the  clearcut  blocks  and  one  of  the 
shelterwood  blocks  were  disked  prior  to  cutting  to 
interrupt  the  well-established  grass  sod  and 
overstory  root  mat.   Four  circular  ore-fifth  acre 
plots  were  systematically  established  in  each  of 
the  four  5-acre  blocks  for  evaluating  the  natural 
regeneration  following  cutting.   After  cutting, 
one  half  of  each  fifth-acre  plot  was  bar-slit 
planted  in  March,  1979  with  2,0  bare  root 
cherrybark  oak  seedlings  (Ouercus  falcata  var. 
pagodaefolia)  obtained  from  the  Mississippi  State 
University  Nursery  at  Starkville,  Mississippi. 
The  seedlings  were  planted  at  a  15  by  15  foot 
spacing  resulting  in  twenty  seedlings  per 
tenth-acre  or  an  approximate  simulated  stocking  of 
200  seedlings  per  acre. 

Height,  basal  diameter  and  survival  of  the 
planted  seedlings  were  measured  after  two  growing 
seasons.   At  this  time,  a  herbicide  competition 
control  study  was  initiated  to  release  seedlings 
from  overtopping  competition  (Woodrum  1982).   In 
May,  1981  a  2  percent  v/v  mixture  of  commercial 
glyphosate  herbicide  and  water  was  direct  sprayed 
on  the  foliage  of  competing  vegetation  in  a 
1-meter  radius  around  one  seedling  of  each  of 
15  pairs  of  seedlings  selected  in  each  of  the  four 
treatment  blocks.   The  seedlings  were  paired 
according  to  apparent  vigor  (height)  and  one  of 
each  pair  chosen  for  herbicide  release  by  coin 
toss.   The  seedlings  were  protected  with  a  plastic 
shield  and  herbicide  solution  was  applied  with  a 
pressurized  hand  sprayer  to  full  wetting  of  the 
foliage  of  competing  vegetation  around  the 
seedling,  requiring  an  average  of  270  ml  of 
herbicide  and  water  per  seedling.   At  the  planting 
density  of  200  seedlings  per  acre  simulated  by 
this  study,  approximately  1.1  liters  (.28  gal)  of 
commercial  glyphosate  herbicide  would  be  used  per 
acre.   At  the  end  of  the  growing  season  (October, 
1981),  seedling  height,  basal  diameter  and  growth 
were  measured  and  comparisons  were  made  among  the 
results  of  overstory  treatments  and  the  mechanical 
and  chemical  vegetation  control  treatments. 
Analysis  of  variance  and  Chi-square  contingency 
testing  were  used  to  statistically  test  treatment 
mean  differences. 

Concurrent  with  the  above  treatments,  four 
other  5-acre  treatment  blocks  were  Installed  in 
another  part  of  the  same  tract;  two  were  cut  to  a 
dense  shelterwood  (80-90  ft^  BA)  and  two  were 
disked  prior  to  cutting  to  a  shelterwood  and  a 
large  adjacent  area  was  clearcut.   Again,  four 
one-fifth  acre  plots  were  established  in  each 
treatment  block,  except  that  1,0  instead  of  2,0 
bare  root  cherrybark  oak  seedlings  were  planted  at 
15  X  15  foot  spacing  on  one-half  of  each  plot  in 
March,  1980.   The  residual  overstory  was  removed 
from  all  the  shelterwood  blocks  after  three 
growing  seasons.   Seedling  height  and  survival 
were  measured  after  one  and  four  growing  seasons 
(one  year  after  planting  and  one  year  after 
overstory  removal,  respectively).   Comparisons  of 
seedling  heights  and  survival  were  made  only  among 
the  shelterwood  treatments  (both  disked  and 
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undisked)  as  the  clearcut  area  was  already  one 
growing  season  in  the  "rough"  at  the  time  of 
planting  and  was  not  planted. 


RESUT.TS  AND  DISCUSSION 

After  two  growing  seasons,  both  the  over- 
story  and  understory  treatments  significantly 
affected  the  growth  and  survival  of  planted  2,0 
cherrybark  oak  seedlings  (Table  1).   Preharvest 
disking  improved  survival  of  the  2,0  seedlings 
dramatically  with  disked  plots  averaging 
79  percent  survival  compared  to  39  percent  for 
plots  not  disked.   Seedling  height  was  also 
improved  by  preharvest  disking  with  disked  plot 
seedlings  averaging  87  cm  total  height  and 
undisked  seedlings  averaging  75  cm  total  height 
irrespective  of  overstory  treatment.   Complete 
removal  of  the  overstory  significantly  improved 
seedling  basal  diameter  growth,  but  only  on 
plots  that  had  preharvest  disking.   Clearcutting 
seemed  to  improve  seedling  height  growth  over 
that  of  shelterwood  conditions  in  the  undisked 
blocks,  79  cm  versus  72  cm,  respectively,  but 
the  difference  was  not  statistically  significant. 

Table  I.   Height,  Diameter  and  Survival  of  2,0 
Planted  Cherrybark  Oak  Seedlings  After  Two 
Growing  Seasons  on  a  Red  River  Bottomland  Site 
in  South  Carolina.— 


Preplantii;g 
Treatment— 


3/ 
Height^' 

(cm) 


Basal  Diam. 
(mm) 


Survival 
(%) 


SW 
SD 
CC 
CD 


71.7a 
86.0b 
79.2a 
88.5b 


8.2a 

9.5a 

9.7a 

11.7b 


38.8a 
72.5b 
40.0a 
86.3b 


y, Means  are  of  80  seedlings  per  treatment. 

—  Treatment  codes  are  as  follows:   SW  - 
shelterwood,  SD  -  shelterwood  with  preharvest 
disking,  CC  -  clearcut,  CD  -  clearcut  with 
preharvest  disking. 

—  Column  values  adjacent  to  same  letter  are  not 
significantly  different  at  the  .05  level. 


After  the  third  growing  season,  differences 
in  seedling  development  among  treatments  were 
striking,  with  both  disking  and  complete  over- 
story removal  (clearcutting)  contributing 
substantially  to  seedling  response  (Table  2). 
Seedling  total  height  was  significantly  greater 
in  the  clearcut  plots  than  In  the  shelterwood 
plots,  164  cm  versus  103  cm,  respectively,  and 
though  not  statistically  different,  the  disked 
shelterwood  appeared  to  permit  greater  seedling 
height,  191  cm,  than  did  the  disked  clearcut, 
179  cm.   Nevertheless,  the  disked  treatments 
significantly  Improved  overall  seedling  height 
growth  over  that  of  undisked  treatments. 


Table  2.   Height,  Diameter  and  Growth  of  2,1 
Planted  Cherrybark  Oak  Seedlings  During  ai  ] 
After  Third  Growing  Season  on  a  Red  River 
Bottomland  in  South  Carolina.- 


Preplanting 
Treatment- 


Height 
(cm) 


3/ 


Height 

Growth 

(cm) 


Diameter 
(mm) 


Diit, 
Gr(<i 


SW 
SD 
CC 
CD 


103.5a 
190.9b 
163.9c 
178.8b 


23.2 
59.6 
46.9 
58.4 


11.3a 
19.5b 
20.1b 
21.2b 


j3 


—  Means  are  an  average  of  24  seedlings  per 
treatment. 

—  SW  -  shelterwood,  SD  -  shelterwood  with  d:  | 
CC  -  clearcut,  CD  -  clearcut  with  disking. 

—  Column  values  adjacent  to  same  letter  are 
significantly  different  at  the  .05  level. 


However,  the  disked  shelterwood  treatment  n  Cii 
an  overstory  for  only  one  year  after  the  seM;j 
were  planted  as  a  tornado  resulting  from  a  (.::; 
hurricane  nearly  completely  leveled  the  resrdt 
overstory  on  these  plots.  This  perhaps  expka,i 
why  all  treatments  showed  much  better  seedl:li| 
diameter  and  height  growth  than  did  the  sheJtii 
without  disking  as  it  was  essentially  the  oil'!, 
seedling  treatment  with  an  overstory  for  an; 
substantial  time  period  (three  years). 


Herbicide  competition  control  proved  ti 
mixed  blessing  as  release  from  competing  ve| 
inhibited  height  growth  of  planted  seedlingi 
improving  diameter  growth,  irrespective  of  < 
story  treatment  (Table  3).  Herbicide-relea; 
seedlings  exhibited  a  discernible  Increase  : 
lateral  branch  and  foliage  development  and, 
although  no  actual  measurements  of  these  pa: 
were  made,  the  significant  increase  in  basa! 
diameter  of  released  seedlings  would  seem  ti 
verify  the  development  of  a  greater  photosyi 
activity.  A  few  seedlings  were  killed  by  hi 
drip  from  overtopping  vegetation  and  releasi 
seedlings  were  more  frequently  browsed  by  di 
than  were  unreleased  seedlings.  For  these 
12  of  the  60  seedling  pairs  were  eliminated 
the  experiment.  Casual  observation  indicate 
the  herbicide  treatment  effectively  reduced 
tltion  for  only  2  growing  seasons  after  app 
tlon,  as  competing  vegetation  rapidly  reocci 
the  small  treated  area  around  the  seedlings 

The  results  of  the  1,0  seedling  plantli 
trials  were  a  great  surprise  as  survival  af' 
growing  season  averaged  85  percent  despite 
extremely  small  initial  size  of  the  seedlini 
(average  height  of  30  cm)  used  in  the  exper; 
(Table  4).  Preharvest  disking  Improved  fir; 
survival  of  planted  seedlings,  91  versus 
79  percent,  but  did  not  affect  height  after 


m 


t'tii 

rcli 


[- 


H 

tetr 
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3.   Height,  Diameter  and  Growth  Response 
,0  Planted  Cherrybark  Oak  Seedlings  to 
Icide  Competition  Control  During  and  After 
d  Growing  Seas9i)  on  a  Red  River  Bottomland 
outh  Carolina 


'V 


jattent— 


?/ 


3/ 
Height- 

(cm) 


Height  Diameter 

Growth  Diameter  Growth 
(cm)      (mm)      (mm) 


Ide 

1 


157.0a 
172.3b 


A2.3 
58.5 


19.7a 
17.7b 


7.7 
6.0 


4ej  s  are  of  48  seedlings  per  treatment. 


iclde  treatment  was  a  glyphosate,  direct 

spray  to  wetting  of  1  meter  radius  around 
eedllng. 
imn  values  adjacent  to  same  letter  are  not 


gn'lcantly  different  at  the  .05  level. 


d1'4.   Height  and  Survival  of  1,0  Cherrybark 
Dai  Seedlings  After  One  and  Four  Growing 


.L 


Se'jons  on. a  Red  River  Bottomland  In  South 


:a!)llna.-' 


mti^B 

jent— 


Height  (cm) 


3/ 


Survival  (%) 


1  yr. 


4  yrs.    1  yr. 


yrs. 


32.1a 
34.6a 


94.2a 
90.6a 


79.4a 
91.2b 


50.2a 
51.1a 


Meis  are  of  136  seedlings  per  treatment  after 
yer  and  45  seedlings  after  4  years  in  field. 
SW^  shelterwood,  SD  -  shelterwood  with 
ehtvest  disking. 

Co'imn  values  adjacent  to  same  letter  are  not 
gn^icantly  different  at  the  .05  level. 


B  iJar  nor  height  or  survival  after  four  years 

ce  field,  three  years  of  which  were  under  a 
ivy   dense  overstory  (80-90  ft^  BA) .   Seedling 
igts  averaged  92  cm  and  survival  averaged 
prcent  after  four  growing  seasons,  but  some 
edings  are  spindly  and  overtopped  by  grasses 
d   Igorous  sprouts  and  vines  after  three 
ovhg  seasons  under  the  dense  overstory. 
meal  of  the  overstory  resulted  in  some  plots 
lif  totally  destroyed  as  logging  debris  and 
ui'ment  passage  effectively  obliterated 
ecings  on  plots  that  were  near  loading  decks. 
Hfning  seedlings  exhibit  good  crown  develop- 
nfcand  healthy  foliage  and  in  many  Instances 
e  ot  overtopped  by  competing  vegetation, 
eibrowsing  and  mutilation  of  seedlings  is  a 
Cflized  problem  where  main  animal  trails  pass 
rpgh  plots.   Vine  growth  and  vigorous  stump 
T^tts  are  quickly  overtopping  some  seedlings, 
t  ther  seedlings  (about  50  percent)  are 


vigorously  growing  and  may  achieve  a  dominant 
position  in  the  main  canopy  of  the  new  stand  if 
they  continue  to  grow  at  a  reasonable  rate 
(2-3  feet/year).   Some  of  the  1,0  seedlings  (about 
20  percent)  are  now  in  excess  of  183  cm  C6  feet) 
tall  and  appear  to  have  great  potential  for 
keeping  up  with  the  competing  vegetation. 


CONCLUSIONS 

Preharvest  disking  greatly  improved  survival 
and  growth  of  2,0  cherrybark  oak  seedlings  planted 
in  areas  clearcut  and  cut  to  a  shelterwood  over- 
story condition.   McGarity  (1980)  cites  a  number 
of  studies  that  have  shown  the  benefits  of  disk 
cultivation  in  planting  hardwoods,  especially 
where  plantation  establishment  is  the  objective. 
The  current  results  are  informative  primarily 
because  of  the  preharvest  nature  of  the  disking 
and  may  not  be  applicable  in  bottomland  stands 
that  differ  appreciably  from  the  study  tract  in 
understory  and  overstory  density  and  composition. 
Herbicide  competition  control  done  2  years  after 
planting  seemed  to  afford  Mttle  advantage  to  2,0 
seedlings  one  growing  season  after  application. 
Seedling  height  and  survival  were  reduced  bv 
growing  under  a  shelterwood  for  more  than  one 
year.   Beck  (1970)  reported  similar  results  for 
the  growth  of  natural  red  oak  seedlings  which  were 
subjected  to  six  years  of  varying  degrees  of 
understory  and  overstory  release  in  an  upland 
hardwood  stand  at  Bent  Creek,  North  Carolina. 
Planted  oak  seedlings  probably  benefit  from 
partial  overstory  control  of  competition  while 
they  establish  adequate  root  systems,  but  height 
growth  will  undoubtedly  be  reduced  if  overstory 
removal  is  delayed  longer  than  one  or  two  years. 
The  advantages  of  delayed  competition  must  be 
weighed  against  the  potential  loss  in  height 
growth  due  to  the  residual  overstory.   Planted  2,0 
seedlings  exhibited  a  wide  range  of  vigor.   After 
three  growing  seasons,  seedling  heights  averaged 
165  cm  (5.4  ft)  but  ranged  from  36  cm  (1.2  ft)  to 
370  cm  (12.1  ft)  in  height.   Further  research  into 
determining  the  reason  for  the  excellent  growth  of 
the  high  vigor  seedlings  may  increase  the  potential 
for  success  of  enrichment  plantings  of  high  quality 
oak  species  like  cherrybark  oak. 

Planting  1,0  cherrybark  oak  seedlings  under  a 
shelterwood  overstory  gave  surprisingly  good  results 
as  survival  averaged  50  percent  and  heights  averaged 
92  cm  (3  ft)  after  four  growing  seasons  (three  years 
under  a  shelterwood) .   Preharvest  disking  provided 
no  advantage  to  1,0  planted  seedlings;  but  if 
survival  and  growth  continues  in  the  present 
manner,  such  enrichment  plantings  may  provide  a 
significant  component  of  high  quality  oak  stems 
(at  least  15-20  stems/acre)  in  the  mature  stand. 
These  are  very  early  results  and  definitive  conclu- 
sions must  await  a  10-  or  15-year  reassessment  of 
the  status  of  the  enrichment  planted  seedlings 
relative  to  the  rapidly  developing  natural  regen- 
eration in  the  stand.   Krlnard  and  Francis  (1983) 
reported  excellent  results  after  20  years  where 


157 


cherrybark  oak  had  been  planted  In  old  fields  on 
brown  loam  bluffs  with  only  preplanting  disking 
as  competition  control.   Codomincint  trees  in 
that  study  averaged  55-65  feet  tall  and  ?00+  trees 
per  acre.   Many  planted  seedlings  ir  the  present 
study  are  now  taller  than  six  feet  and,  having 
survived  five  years  in  the  field ,  should  begin 
the  rapid  height  growth  (3-4  feet  per  year)  that 
characterizes  cherrybark  oak  or  good  bottomland 
sites. 
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COPPICE  REGENERATION  OF  UPLAND  HARDWOODS  FROM  INTENSIVE 

WHOLE-TREE  HARVESTING^/ 

II 
James  W.  McMinn-' 


Abstract. --Mixed  hardwood-pine  stands  in  the  Upper  Pied- 
mont of  Georgia  were  whole-tree  harvested  down  to  1-inch  or 
4-inch  diameter  limits  in  both  winter  an'd  summer.  Coppice 
regrowth  was  assessed  following  the  second  and  fourth  growing 
seasons  after  harvesting.  Early  regrowth  was  significantly 
affected  by  both  season  and  degree  of  biomass  removal,  with 
the  greatest  sprout  coverage  resulting  from  the  highest  degree 
of  removal  in  winter  and  the  least  from  the  lowest  degree  of 
removal  in  summer.  After  four  growing  seasons  sprout  coverage 
was  significantly  affected  by  intensity,  but  not  by  season 
of  harvest.  Seasonal  effects  were  confounded  by  pine  natural 
regeneration.  The  results  imply  different  strategies  for 
conversion  to  conifers  by  natural  regeneration,  conversion 
by  artificial  regeneration,  or  for  sustained  hardwood  biomass 
production. 


INTRODUCTION 

Harvesting  is  often  the  only  manipulation 
Pfied  to  forest  stands  and  whole-tree  chipping 
s  iewed  as  a  potential  means  for  accomplishing 
atous  silvicultural  objectives  (Butts  and  Preston 
9;l).  Fuel  chip  production  is  attractive  because 
t|ermits  economic  removal  of  more  material  than 
iofientional  harvesting.  More  stand  treatment  has 
lef,  recognized  as  a  widespread  critical  need  on 
ioi|ndustrial  private  forests  (Society  of  American 
■Qilsters  1979).  McGee  (1980)  found  that  on  the 
erland  Plateau  whole-tree  harvesting  of  all 
rial  4  inches  and  larger  could  be  followed  by 
essful  pine  planting  or  hardwood  coppicing, 
il  lOugh  further  site  preparation  or  release  might 
leiecessary.  Four  inches  is  a  generally  accepted 
O'ir  limit  for  fuelwood  harvesting,  but  smaller 
ifjts  might  be  feasible  if  silvicultural  benefits 
/e|  considered.  In  addition,  Belanger  (1979)  re- 
»0'.ed  that  coppicing  of  sycamore  (Platanus  occi- 
le:alis  L.)  was  significantly  affected  by  season 
iTjiarvest  in  the  Georgia  Piedmont.  The  objective 
jfjthis  work  was  to  compare  the  effects  of  season 
iniintensity  of  whole-tree  harvesting  on  subsequent 
itjhd  development  in  mixed  hardwood-pine  associa- 
:i[}is  of  the  Upper  Piedmont. 


tt; 


-  Paper  presented  at  Third  Biennial  Southern 
SiVicultural  Research  Conference,  Atlanta,  Geor- 
3i,  November  7-8,  1984. 

-  Research  Forester,  USDA  Forest  Service, 
Jctheastern  Forest  Experiment  Station,  Forestry 
icfences  Laboratory,  Athens,  Georgia. 


METHODS 

The  study  was  conducted  in  the  Upper  Piedmont 
of  Georgia  NNE  of  Atlanta  on  the  Dawson  Forest, 
which  is  managed  by  the  Georgia  Forestry  Commission. 
Soils  ^VQ  Fannin  fine  sandy  loam  and  Tallapoosa 
fine  sandy  loam.  The  site  reverted  to  forest 
following  agricultural  abandonment  early  in  the  cen- 
tury. Timber  stands  on  the  site  had  been  high- 
graded  for  both  pine  and  hardwood  prior  to  manage- 
ment by  the  Commission.  The  resulting  poor-quality 
stands  had  insufficient  merchantable  volumes  for 
profitable  logging  with  conventional  systems.  The 
hardwood  component  was  comprised  primarily  of  scar- 
let oak  (Quercus  coccinea  (Muenchh.),  post  oak  (Q. 
stellata  Wangenh.),  black  oak  (Q.  velutina  Lam.j, 
chestnut  oak  (Q.  prinus  L.),  southern  red  oak  (Q. 
falcata  Michx.)^  hickory  (Carya  spp.),  and  blackjack 
oak  (Q.  marilandica  Muenchh.).  The  pine  component 
was  p7imarily  loblolly  ( Pinus  taeda  L.)  and  short- 
leaf  (P.  echinata  MillTj;  Basal  area  averaged 
about  50  square  feet  per  acre,  of  which  about  59 
percent  was  hard  hardwood,  2  percent  soft  hardwood, 
28  percent  yellow  pine,  and  11  percent  miscellaneous 
species  according  to  standard  Forest  Inventory  and 
Analysis  classifications  (USDA  Forest  Service  1980). 
Of  the  900  to  1,000  total  stems  per  acre,  nearly 
four-fifths  were  smaller  than  4.5  inches  d.b.h., 
but  this  component  accounted  for  only  a  quarter  of 
the  total  basal  area  per  acre.  One-acre  treatment 
plots  were  harvested  by  Georgia  Forestry  Commission 
crews  using  a  typical  whole-tree  system  with  a 
small  feller-buncher,  grapple-skidders,  and  an  18- 
inch  disk-type  chipper.  Harvesting  removed  all 
material  down  to  4-inch  or  1-inch  d.b.h.  limits  in 
both  winter  and  summer  (January  and  June  of  1980). 


159 


Each  combination  of  season  and  intensity  was  repli- 
cated three  times  in  a  completely  randomized  design. 
Detailed  observations  and  sampling  were  confined 
to  the  interior  half-acre  of  each  1-acre  plot. 
The  most  intensive  harvest  yielded  from  about  67 
to  83  green  tons  per  acre  and  the  least  intensive 
approximately  20  percent  less. 

Coppice  regrowth  was  characterized  from  a  100- 
percent  inventory  of  sprout  clumps  that  were  at 
least  4.5  feet  tall  in  October  of  1981  and  1983 
(two  and  four  growing  seasons  after  harvest).  At 
the  second  inventory  virtual ly  all  clumps  were  mea- 
sured. Height  of  the  tallest  sprout  and  average 
crown  spread  were  recorded  for  each  clump.  Both 
mean  sprout  height  per  plot  and  sprout  coverage 
per  acre,  based  on  vertical  projections  of  crown 
area,  were  subjected  to  analysis  of  variance.  In 
April  of  1981  and  1984,  milacre  plots  spaced  at 
lO-foot  intervals  along  line  transects  were  examined 
for  pine  seedling  stocking,  density,  and  height. 

RESULTS  AND  DISCUSSION 

The  statistical  significance  of  coppicing  asso- 
ciated with  season  and  degree  of  biomass  removal 
changed  over  time  (table  1).  After  2  years  the 
approximately  9  percent  advantage  in  height  follow- 
ing winter  versus  summer  harvesting  (table  2)  was 
statistically  significant.  There  was  no  significant 
difference,  however,  in  height  by  treatment  after 
4  years,  when  the  overall  mean  sprout  height  was 
approximately  8.7  feet  (table  3).  Increased  height 
variability  for  the  4-inch  limit  compared  with  the 
1-inch  limit  harvest  is  probably  due  to  the  irregu- 
lar spatial  distribution  of  competition  from  re- 
sidual stems. 

The  2-year  differences  in  sprout  coverage  were 
statistically  significant  both  by  season  and  inten- 
sity of  biomass  removal  (table  4).  There  was  68 
percent  greater  coverage  from  the  winter  harvesting 
than  from  the  summer  harvesting  and  69  percent 
greater  coverage  as  a  result  of  the  1-inch  limit 
compared  with  the  4-inch  limit.  The  combined  result 
was  approximately  three  times  as  much  sprout  cover- 
age from  harvesting  in  the  winter  to  a  1-inch  limit 
as  from  harvesting  in  the  summer  to  a  4-inch  limit. 
The  difference  in  sprouting  by  season  is  consistent 
with  other  coppicing  work  in  the  Piedmont  (Belanger 
1979)  and  is  attributed  to  the  probable  existence 
of  carbohydrate  reserves  in  the  winter  that  are 
depleted  by  spring  and  early  summer  growth.  The 
difference  in  sprouting  by  degree  of  biomass  removal 
is  attributed  to  competition  from  the  residuals  in 
the  4-inch  limit  plots.  Theoretically,  the  1-inch 
limit  stands  would  have  a  much  larger  number  of 
sprouting  stumps,  but  in  reality  a  negligible  pro- 
portion of  the  sprout  coverage  in  those  stands 
resulted  from  trees  less  than  4  inches  d.b.h. 


Table  1. --Summary  of  analysis  of  variance  i^ 
for  coppice  stands  from  natural  upland  haijoji 


Source  of 
variation 


2-year 4-yeat 

Coverage       Height       Coverage      l( 


Season 
Intensity 
S  X   I 


NS 


* 

NS 

NS 


NS 
** 

NS 


*  Significant  at  the  0.05  level. 
**  Significant  at  the  0.01  level. 
NS  Not  significant.  j 

Table  2. --Mean  height  of  the  tallest  sprc  iper 
clump  (with  standard  deviation)  after  twc  ton- 
ing seasons,  by  season  and  intensity  of  ^le- 
tree  harvesting 


ilean 


Diamter 

Se 

ason 

(inches) 

Winter 

Summer 

4 
1 

6.3  (0.2) 
6.2  (0.3) 

-  -  Feet ■ 

5.9  (0.3) 
5.7  (0.3) 

Mean 


6.3 


5.8 


Table  3. --Mean  height  of  the  tallest  sprc  Jiper 
clump  (with  standard  deviation)  afterfour 
growing  seasons,  by  season  and  intens'tjof 
whole-tree  harvesting 


Diameter 

1  imit 

(inches) 

Season 

lean 

9.2 
8.2 

Winter 

Summer 

4 

1 

9.6  (1.2) 
8.3  (0.5) 

Feet 

8.8  (1.1) 
8.0  (0.3) 

Mean 

8.9 

8.4 

Table  4. --Sprout  coverage  per  acre  (with  sti 
deviation)  after  two  growing  seasons,  by 
and  intensity  of  whole-tree  harvesting 


Diameter 

1  imit 

(inches) 

Seasor 

Winter 

Summer 

4 

1 

3,985  (715) 
6,175  (2,490) 

ftVacre 

2,046  (653) 
3,996  (1,336) 

Mean 

5,080 

3,021 

son 


lean 


160 


Bti 


!\fter  four  growing  seasons  the  difference  in 
°'-ct  coverage  by  intensity  was  highly  significant 


overall  coverage  from  the  1-inch  limit  more 
twice  as  great  as  from  the  4-inch  limit 
55it|e  5).   Difference  in  coverage  by  season  of 
^"vst  was  no  longer  significant,  with  the  cover- 
approximately  the  same  by  season  for  the  4-inch 
and  the  winter  mean  less  than  the  summer 
for  the  1-inch  limit.  However,  a  confounding 
r  emerged  for  the  1-inch  limit  harvest.  Har- 
ng  to  a  1-inch  limit  in  winter  resulted  in 
antial  regeneration  from  the  pine  component 
s  original  stand  (McMinn  1983),  and  this  result 
obably  not  anomalous.  The  1-inch  limit  winter 
nst  duplicated  the  "seeds-in-place"  pine  regen- 
ai|On  technique  conceived  by  Lotti  (1961)  and 
-a'ated  by  Langdon  (1981)  as  an  effective  natural 
''gteration  method  for  loblolly  pine.  At  2  years 
•t(  harvest,  the  pine  seedlings  and  hardwood 
rets  offered  1  ittle  mutual  competition,  but  after 
~>3rs  the  sites  were  totally  occupied  by  the 
mined  pine  and  hardwood  components.  Mean  pine 
e^ing  density  was  more  than  7,000  stems  per 
n  and  mean  stocking  was  96.6  percent.   Mean 
-i  it  of  the  tallest  pine  seedling  on  each  stocked 
•0  was  5.5  feet,  or  only  34  percent  shorter  than 
leiean  hardwood  sprout  height  for  that  treatment. 
idHdual  plot  pine  densities  and  their  associated 
irlit  coverages  for  the  1-inch  winter  treatment 
:r|as  follows: 


ear  regression  of  hardwood  sprout  coverage  on 

ir|i  seedling  density  produced  a  near-deterministic 

;(;tive  relationship  (coverage  =  21,661  -  1.54349 

2rity)  with  a  coefficient  of  determination  of 

The  winter  4-inch  limit  had  a  pine  seedling 

ity  of  1,949  stems  per  acre,  a  mean  stocking 

5  percent,  and  a  mean  tallest  seedling  height 

.9  feet.  Residuals  in  this  treatment  appeared 

imit  growth  of  both  hardwood  sprouts  and  pine 

lings  more  than  the  mutual  competition  of  these 

components. 


Pine 

Hardwood  sprout 

density 

coverage 

(stems/acre) 

ftVacre 

5,538 

12,800 

10,179 

5,757 

7,308 

10,889 

S5. 


ale  5. --Sprout  coverage  per  acre  (with  standard 
viation)  after  four  growing  seasons,  by  season 
id  intensity  of  whole-tree  harvesting 


leter 

'lit 
hes) 


Season 


Winter 


Summer 


Mean 


4,669  (752) 
9,815  (3,642] 


^!an 


7,242 


ft2/acre  -  -  - 
5,086  (527) 
12,157  (3,852] 

8,622 


4,877 
10,986 


The  relative  species  composition  of  the  initial 
stands  and  sprout  stands  are  shown  in  table  6. 
The  general  categories  follow  standard  groupings 
used  in  forest  surveys  conducted  by  the  USDA  Forest 
Service.  White  oak  (Q^.  alba  L.)  was  less  prevalent 
than  post  oak  in  the  first  group.  The  red  oaks  in 
order  of  predominance  were  scarlet  oak,  black  oak, 
and  southern  red  oak.  Other  hard  hardwoods  in 
order  of  predominance  were  hickory,  dogwood  (Cornus 
florida  L.),  and  persimmon  (Diospyros  virginiana 
L. )  in  the  initial  stand  and  dogwood,  hickory,  and 
persimmon  in  the  sprout  stand.  The  soft  hardwoods 
were  blackgum  (Nyssa  sylvatica  Marsh.),  yellow- 
poplar  (Liriodendron  tul ipiferal. ) ,  and  black  cher- 
ry (Prunus  serotina  Ehrh.).  Blackjack  oak  was  the 
only  species  consistently  represented  in  the  other 
miscellaneous  category.  The  species  that  increased 
most  in  proportion  to  initial  representation  were 
chestnut  oak,  sourwood  (Oxydendrum  arboreum  (L.) 
DC),  and  the  soft  hardwoods,  represented  primarily 
by  blackgum.  Those  which  decreased  most  were  white 
oak-post  oak  and  blackjack  oak.  There  was  only  a 
change  of  about  11  percent  in  the  red  oak  represen- 
tation. Although  the  total  coverages  differed, 
treatment  appeared  to  have  no  effect  on  the  species 
composition  of  sprout  stands. 

Table  6. --Relative  species  composition  in  initial 
stands  and  4-year  sprout  stands 


Species  or 
species  group 


Initial  stand  Sprout  stand 
basal  area    coverage 


-Percent 

Yellow  Pine 

Yellow  pine               28 

Hard  Hardwoods 

White  oak-post  oak          14 

Chestnut  oak               8 

Red  oak's                 28 

Other  hard  hardwoods         9 

13 
18 
35 
11 


Soft  Hardwoods 
Soft  hardwoods  2 

Miscellaneous  Species 


Sourwood 

Other  miscel laneous 


13 

4 
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CONCLUSIONS 

Although  these  data  reflect  coppice  stands  rel- 
atively early  in  their  development,  the  study  has 
demonstrated  that  pine-hardwood  composition  and 
hardwood  coppice  production  are  significantly 
affected  by  season  and  intensity  of  whole-tree 
harvesting.  If  the  initial  stands  include  chestnut 
oak  or  sourwood,  those  species  may  be  expected  to 
exist  in  the  coppice  stand  in  greater  proportion 
than  their  initial  representation.  Although  sour- 
wood  will  eventual ly  become  a  midstory  or  understory 
component,  it  may  offer  substantial  competition  to 
more  desirable  species  in  the  early  stages  of  stand 
development.  Our  data  support  the  following  treat- 
ments for  the  indicated  sil vicul tural  objectives: 


Objective 

Pure  hardwood 

Maximum  natural 
pine  component 

Artificial  pine 
component 

Maximum  woody  biomass 


Treatment 
Summer,  1-inch 

Winter,  1-inch 

Summer,  1-inch 
Winter,  1-inch 


Although  economics  of  logging  may  preclude  removal 
of  all  woody  biomass,  there  is  no  silvicultural 
objective  for  which  a  residual  stand  would  be  recom- 
mended. The  small  residuals  compete  with  desirable 
coppice  and  pine  seedlings,  and  earlier  work  has 
shown  nutrient  removal  is  not  significantly  affected 
by  harvesting  the  1-  to  4-inch  material  (McMinn 
and  Nutter  1983). 
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THE  ORIGIN,  GROWTH  AND  DEVELOPMENT  OF  NATURAL, 
PURE,  EVEN-AGED  STANDS  OF  BOTTOMLAND  OAK- 


2/ 


W.   Michael  Aust,    John  D.    Hodges,    and  Robert  L.    Johnson=-' 


Abstract. — Eighty  natural,  pure,  even-aged  stands  of 
bottomland  red  oaks  were  studied  to  determine  the  conditions 
that  result  in  pure  red  oak  stands  and  to  evaluate  the 
patterns  of  growth  and  development.  The  histories  of  these 
stands  reveal  that  fire,  cattle  grazing,  mowing,  or  some 
combination  tends  to  increase  the  red  oak  stocking.  Fixed 
plot  data  indicate  that  these  pure  stands  can  produce 
acceptable  qualities  and  quantities  of  sawtimber.  Also, 
crown  classes  of  the  red  oak  can  be  used  to  predict  stocking 
in  the   future. 


INTRODUCTION 

One  of  the  more  important  problems  facing 
lakgers  of  bottomland  hardwood  forests  is  the 
elency  of  new  stands  to  contain  a  smaller  oak 
oonent  than  did  the  previous  stands.  This  is 
t  ritical  problem  because  oak  is  one  of  the 
ia)r  and  more  valued  species  groups  of  the 
lalwood  products  industry.  Also,  optimal 
:cj3itions  for  the  growth  of  the  oak  component 
trj  not  fully  understood.  The  purposes  of  this 
)tiy  are;  (1)  to  identify  the  conditions  that 
ir|  conducive  to  red  oak  regeneration  through  an 
sjiBination  of  the  histories  of  natural,  pure, 
iv|i-aged  stands  of  red  oak,  and  (2)  to 
leifermine  the  patterns  of  stand  growth  and 
lejilopment  in  these  stands  and  the  resulting 
jct   on  tree  quality. 


LITERATURE  REVIEW 

The  literature  reveals  that  most  oak 
:«i}roduction  apparently  goes  through  a  stage  of 
slw      initial      growth.  If      the      regeneration 

sivives  for  the  first  few  years,  the  growth 
rse  and  competitiveness  improve  (Beck  1970; 
Icjnson  1979;  McKriight  and  Johnson  1980;  Sander 
U2).  For  oak  regeneration  to  survive  this 
jejiod   of    slow  growth,    it    is  generally  accepted 
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that  oak  reproduction  should  be  well-established 
before  the  overstory  is  removed.  If  oak 
regeneration  is  not  present  when  the  overstory 
is  removed,  new  oak  seedlings  may  be  rapidly 
overtopped  by  established  competitors  (Arend  and 
Scholz  1969;  Carvell  and  Tryon  1961;  Hilt  1977; 
Oliver  and  Stephens  1977;  Sander  1971;  Sander 
and  Clark  1971;    Sander  et  al.    1976). 

Red  oak  stands  originate  from  three  forms 
of  reproduction:  (1)  true  seedlings  produced 
from  acorns  before  and  after  harvest,  (2) 
seedling  sprouts,  and  (3)  stump  sprouts.  The 
number  of  true  seedlings  is  often  low  due  to 
erratic  acorn  production,  acorn  predators, 
damaging  agents,  or  unsuitable  site  conditions. 
After  germination,  true  seedlings  are  often 
killed  by  suppression  or  moisture  stress  (Arend 
and  Scholz  1969;  Carvell  and  Tryon  1961;  Johnson 
1974;  Olson  and  Hooper  1968).  Seedlings  that 
die  back  and  then  resprout  are  referred  to  as 
seedling  sprouts.  Seedling  sprouts  may  die  and 
resprout  several  times,  which  allows  them  to 
develop  a  root  system  much  larger  than  the  stem 
size  would  indicate.  This  larger  root  system 
enables  the  seedling  sprout  to  survive  and 
compete  more  vigorously  than  true  seedlings  of 
the  same  size  (Arend  and  Scholz  1969;  Sander 
1971;  Sander  £t  aJ.  1976).  Stump  sprouts  are 
similar  to  seedling  sprouts  in  that  they  have 
large  root  systems,  but  they  originate  from 
stumps  of  severed  trees.  Formerly,  stump 
sprouts  were  scorned  by  some  foresters  due  to 
their  supposed  tendency  towards  butt  rots. 
However,  modern  harvesting  practices  leave  a 
much  lower  stump  and  result  in  less  butt  rot. 
Stump  sprouts  are  now  considered  a  satisfactory 
source  of  regeneration.  Some  research  has  shown 
that  stump  sprouts  are  faster-growing  than  true 
seedlings  and  are  quite  capable  of  producing 
trees    of    acceptable    quality    (Johnson    1977;    Roth 
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and  Hepting  1969;  Sander  1971;  Sander  e_t  al. 
1976;      Wendel     1975;     Zahner     and     Meyers     1984). 

The  factors  that  contribute  to  the  survival 
of  red  oaks  are  varied.  Carvell  and  Tryon 
(1961)  suggested  that  the  amount  of  oak 
regeneration  present  was  closely  related  to  the 
stands'  past  history  of  disturbance.  They 
concluded  that  past  logging,  grazing,  and 
burning  all  tended  to  increase  oak  regeneration 
by  Increasing  the  amount  of  direct  sunlight 
available . 

McGee  (1979)  postulated  that  fire  may  have 
played  a  larger  role  in  establishing  the  oak 
component  of  previous  stands  than  it  does  in 
current  stands,  although  fire  is  generally 
considered  harmful  to  hardwood  management 
(McKnight  and  Johnson  1980;  Putnam  £t  al.  1960). 
Grazing  by  cattle,  less  prevalent  now  than  in 
the  past,  may  explain  a  portion  of  the  oak 
component  of  established  stands.  Cattle  seem  to 
prefer  species  other  than  oak,  which  apparently 
has  a  low  palatability .  Cattle  may  aid  oak 
regeneration  by  consuming  competitors  (Carvell 
and     Tryon     1961;     McKnight     and     Johnson     1980). 

Site  quality  is  another  factor  which  may 
influence  oak  regeneration.  Quality  hardwoods 
are  usually  produced  only  on  the  better  sites. 
However,  oak  regeneration  and  composition  are 
generally  better  on  the  poorer  sites.  When  an 
opening  is  created  in  a  stand  on  a  poor  site, 
the  oak  seedlings  receive  more  sunlight  because 
competition  is  less  vigorous.  This  results  in 
the  maintenance  of  a  high  oak  component  in  the 
new  stand  (Carvell  and  Tryon  1961;  Johnson  1979; 
Johnson  and  Blester feldt  1970;  Putnam  et_  al. 
1960;  Sander  and  Clark  1971;  Trimble  and  Hart 
1961). 

There  are  differences  of  opinion  over  what 
constitutes  adequate  oak  regeneration.  For  the 
North  Central  Region,  the  U.S.  Forest  Service 
recommended  that  at  least  400  well-established 
seedlings  or  sprouts  per  acre,  which  are  over 
one  foot  tall,  be  present  before  the  overstory 
is  removed  (Arend  and  Scholz  1969).  Oliver 
(1975)  contended  that  only  4  5  well-placed  red 
oak  seedlings  or  seedling  sprouts  are  needed  per 
acre  for  adequate  stocking  of  oak  in  mixed 
stands  in  the  southern  part  of  New  England. 
Clatterbuclo— '  suggested  similar  stocking  for 
cherrybark  oak  (Que  reus  falcata  var. 

pagodaefolia  Ell.)  in  mixed  oak-sweetgum 
(Liquidambar  styraclflua  L.)  stands  in 
Mississippi  minor  stream  bottoms.  Both  Oliver 
and  Clatterbuck  assert  that  wider  spacing  of  the 
oaks  in  mixed  stands  will  generate  good  diameter 
growth  of  the  red  oaks,  while  the  other  species 
tend    to   prune    the  oaks. 


—''clatterbuck,    W.     K.       1984.       Unpublished    data. 
Mississippi  State         University,  Forestry 

Department. 


METHODS   AND   PROCEDURES 

Eighty    stands    were    located     for    the    stu( 
Of   these   stands,    ten  were   located   within  each 
eight      age      classes.        The      youngest      age     cL 
was     1-     to     10-years     old     and     the    age     clasi 
ranged    upward    in    10-year    intervals    to   a   70- 
80-year    age     class.       Each     stand    had    to    have 
minimum     site     index     for     cherrybark    oak    at 
years     of     85     feet     (Baker    and    Broadfoot    197!    J 
The    red    oak   component    had    to    comprise   at   le;  i 
70    percent    of    the    total    stand  basal   area.     Pi :[ 
stands     of     willow    oak     (Quercus    phellos    L.)    i' 
water    oak    (Quercus    nigra   L.)    on    flats   were  n 
acceptable.      Thinned    stands    were    also    reject!  I 
For    a    stand    to   be    classified    as    even-aged,   ii 
range   of    ages  within  the   stand's   canopy  could  i 
no    greater    than   20   percent    of    the    stand's  aj : 

The   majority    of    the    stands    were   located 
minor  stream  bottoms  in  east-centi  i 

Mississippi,  although  23  upland  stands  hav;  i 
acceptable  site  indices  were  sampled.  Ei^ 
stands  along  the  Saline  River  in  Arkansas  wt 
also  examined.  Average  stand  size  was  betwe 
five  and  ten  acres  although  a  few  larger  star 
were   included.  |, 

i) 

The  stands'  histories  were  reconstructs 
through  a  combination  of  interviews,  aeri 
photographs,  and  stand  inspection.  The 
subjective  methods  of  determining  stand  histc  ■; 
were  not  entirely  satisfactory.  Intervifvii] 
provided  useful  information  in  some  cases  i  i'' 
none  in  others.  Photographs  could  not  provi 
all  of  the  necessary  information,  nor  coi . 
personal  inspection.  As  might  be  expected,  1i 
amount  and  accuracy  of  information  tended  ; 
decrease  as  the  stand  age  increased.  Evei ; 
such  as  grazing  and  burning,  and  st£  i 
conditions  during  establishment,  were  recorc  i 
only  when  known  with  a  high  degree  of  certaint'j 
In  the  older  stands,  grazing  and/or  burning  wf :' 
often  suspected,  but  could  not  be  verifit  I 
Therefore,  it  was  decided  to  analyze  only  the; 
stands    under    50    years    of    age    for    stand   orig:  i 

Within  each  of  these  eighty  stands,  f t>  ■ 
radius  plots  were  established  to  create 
chronosequence  of  stand  growth  and  developmei : 
The  plot  size  varied  with  stand  age  a 
stocking,  and  various  measurements  concern:  i 
the  trees  size,  merchantability,  locatic  i 
species,    and   condition  were  obtained. 

Also,  on  each  plot  a  dominant  or  codomitic  i 
tree,  and  all  of  its  immediate  competitc ' 
(usually  all  red  oaks)  were  cored  at  bres  > 
height  and  the  increment  cores  were  graphed. 
core  taken  at  one  foot  on  the  largest,  smalles ; 
and  an  average  diameter  red  oak  was  used 
determine  stand   age. 

Other  information         recorded         indue' 

mortality  measurements,      and     general     commer 

concerning  the     stand's    understory,     topograph' 
etc. 
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RESULTS  AND  DISCUSSION 

t  least  90  percent  of  the  stands  had 
flooding  or  residual  red  oaks  to  serve  as 
ssible  seed  source  (Table  1).  This 
ation,  however,  does  not  mean  that  most  of 
stands  were  regenerated  directly  from 
Indeed,  94  percent  of  the  stands  were 
to  a  large  degree  by  sprouts.  The  seed 
ar'fs  merely  explain  a  basis  for  those 
roijs,  especially  in  old-field  or  old-pasture 
tu.tions . 

Che  history  of  fire  in  these  stands  was 
fftult  to  determine.  In  only  2  percent  of 
e  tands  was  it  possible  to  find  conclusive 
idice  of  burning  during  initial  stand 
tai-ishment.  Periodic  burning  later  in  the 
an  ■  " 
4 
we 


development  was  slightly  more  evident 
ercent)  .  Both  values  are  suspected  to  be 
than  actual    (Table   1). 


battle  grazing  was  evident  in  several 
48  percent  had  definitely  been  grazed 
rig  stand  establishment,  while  66  percent  had 
enjgrazed  periodically  or  continuously  during 
e  ife  of  the  stand.  Possibly  both  of  those 
gu2s  are  low,  but  they  are  consistent  with 
e  ownership  pattern  as  49  percent  of  the 
ndmers  had  owned  or  do  own  cattle. 


Stand  origin  was  extremely  variable. 
Clearcuts  accounted  for  36  percent  of  the  total. 
Old-field  and  old-pasture  conditions  occurred  in 
52  and  12  percent  of  the  stands,  respectively. 
It  should  be  noted  that  some  of  the  sites  on 
which  stands  originated  from  clearcuts  had 
previously        been       agricultural        lands.  One 

particular        stand        had        been        subjected        to 
agriculture,  cattle,  stand  development, 

clearcutting,  fire,  and  then  stand 


re-establishment, 
years. 


that      order,      within      40 


The  estimated  site  index  for  cherrybark  oak 
at  50  years  was  fairly  consistent  within  and 
between  age  classes.  The  highest  site  index  was 
109  feet,  while  the  lowest  was  85  feet.  Mean 
site    index    for   all    plots   was   95    feet   (Table    1). 

The  stands  in  the  bottomlands  were  found 
principally  on  high  flats  between  the 
sweetgum-oak  stands  typically  found  on  the 
higher  sites,  and  the  willow  oak-water 
oak-overcup  oak  (Quercus  lyrata  Walt.)  stands  of 
the  low  flats.  The  stands  on  the  uplands  were 
located  on  upland  flats  and  were  very  similar  in 
species  composition  and  general  appearance  to 
the  bottomland    flats. 


Table    1. — Conditions    found    in    fifty    natural,     pure,     even-aged    red    oak    stands 
that   could  have  contributed   to  high  oak  composition. 
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1-10 

50 

20 

10 

10 

40 

40 

50 

50 

0 

100 

60 

94 

11-20 

80 

40 

0 

0 

30 

40 

50 

40 

10 

100 

50 

100 

21-30 

40 

80 

0 

10 

60 

100 

20 

60 

20 

90 

100 

91 

31-40 

40 

80 

0 

50 

70 

70 

30 

50 

20 

90 

90 

93 

41-50 

60 

70 

0 

0 

40 

80 

30 

60 

10 

90 

90 

95 

Mean 


54 


58 


14 


48 


66 


36 


52 


12 


94 


95 
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No  one  past  activity  or  conditin  explained 
the  high  percentage  of  red  oak  composition, 
although  a  general  trend  emerged.  Site  index 
was  commercially  acceptable  but  was  not 
exceptional.  This  slightly  "low"  site  index  may 
partially  explain  the  low  species  diversity. 
Also,  the  high  percentage  of  the  stands  that 
were  primarily  of  sprout  origin  indicated  a 
relatively  fast  initial  height  growth  for  the 
red  oaks.  This  could  have  enabled  a  high 
percentage  of  the  red  oaks  to  survive  and  "out 
compete"  other  species.  Burning  seemed 
relatively  unimportant  in  accounting  for  the 
development  of  these  stands,  although  it  may 
have  been  more  important  than  was  apparent.  The 
most  prevalent  disturbance  in  these  stands  was 
grazing  by  cattle.  Grazing  may  remove  seedlings 
of  competing  species,  or  the  cattle  may  simply 
clip  oak  seedlings  repeatedly  over  the  years  to 
create  a  vigorous  seedling  sprout.  In  addition 
to  these  disturbances,  52  percent  of  the  areas 
had  been  subjected  to  agricultural  practices 
prior  to  stand  establishment  and  another  12 
percent  had  been  pasture,  subject  to  mowing. 

No  single  factor  alone  could  explain  the 
high  percentage  of  red  oak  composition. 
However,  at  least  7  8  percent  of  all  stands 
investigated  had  been  subjected  to  fire,  cattle, 
or  mowing,  either  immediately  prior  to  or  during 
stand  establishment.  This  indicates  that  single 
or  combined  disturbances  during  stand 
establishment  may  enhance  the  red  oak  component. 

The  fixed  plot  data  for  the  eight  age 
classes  formed  a  chronose  quence  of  the 
patterns  of  stand  growth  and  development. 
Stocking  was  adequate  in  all  age  classes. 
Overstocking  was  apparent  in  some  of  the  younger 
ages.  The  youngest  age  class  (1-  to  10-years) 
had  an  average  of  3735  upper  story  trees  per 
acre,  of  which  3125  (8A  percent)  were  red  oak 
species,  primarily  cherrybark  oak.  The 
percentage  of  red  oak  basically  remained  the 
same  over  the  years,  although  the  total  number 
of  upper  story  trees  decreases  drastically.  In 
the  oldest  age  class  (71-  to  80-years)  the  total 
number  of  upper  story  trees  had  decreased  to  74 
per  acre,  of  which  59  (79  percent)  were  red  oaks 
(Figure  1)  . 

Total  basal  area  of  the  plots  increased 
most  rapidly  in  the  younger  age  classes,  and 
then  leveled  off  in  the  older  age  classes.  Red 
oak  basal  area  followed  this  pattern.  The  red 
oaks  formed  over  80  percent  of  the  total  basal 
area  in  all  age  classes  (Figure  2) . 

The  relative  quality  of  red  oak  growing 
stock  can  be  evaluated  from  "tree  classes," 
which  rate  an  individual  tree's  potential  on  the 
basis  of  its  crown,  site  suitability,  potential 
or  actual  bole  quality,  and  vigor.  Preferred 
growing  stock  refers  to  the  "best"  trees  and 
reserve  growing  stock  refers  to  "good"  and/or 
"fair"  trees.  Three  other  tree  classes  include 
those  trees  which  are  potential  mortality  or 
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Figure  1. — Average  age,  total  number  of  t: 
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Figure   2. — Mean    age,    total    basal    area,    and  t 
oak     basal     area     for     eight     age     classes 
natural,      pure,      even-aged      red      oak     stai : 


those  having  little  commercial  value.  All  s 
classes  had  at  least  80  percent  of  the  ui  f[ 
story  red  oaks  classed  as  preferred  or  rest  i| 
growing  stock,  so  these  stands  have  t 
potential  to  produce  quality  sawtimber  (T<  : 
2). 
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e  . — The  numbers  of  trees  per  acre  and  percent  of  total  of  upper  story  and  red  oaks  by  age  and  tree 
.aS2s  for  eighty  natural,  pure  even-aged  stands. 


Clss        Preferred  Reserve         Cutting  Stock       Sound  Cull         Unsound  Cull 

■ai       No. /Acre  Percent   No. /Acre  Percent   No. /Acre  Percent   No. /Acre  Percent   No. /Acre  Percent 
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irdwood   crown   classes   are  an   indication  of 

en's    relative    height    and    vigor,     therefore 

wnlclasses    may    be    used    to    evaluate   a    tree's 

lil/    to    grow.       In    these    pure  oak  stands,    the 

oiDliant    crown    class    contained    the    most   trees 

aire   in  all   age   classes    (Table   3)  ,    while   the 

injnt        and        intermediate        crown        classes 

taned      fewer      trees      per      acre,      and      were 

rcjimately  equal.      This   suggests   that  most  of 

slems    in    these    stands    are    growing    at   less 

,n  I  optimal       conditions.         Apparently      crown 

ssis     can     be     used      to     estimate     a      stand's 

clng   in  the  next    ten  year   period    (Figure  3). 

ital    number    of    dominant    red    oaks    per    acre 

t'f    1-    to    10-year   age  class  approximated    the 

ainumber    of    red    oaks    per  acre    in   the    11-   to 

r    age     class.       All     of     the     dominants    and 

If     of      the     codominants     of      the      11-      to 

r   age    class    survive    to    form    red    oaks    of 

-    to    30-year    age    class.      In  all   other   age 

s      all      dominants      and      all       codominants 

e    to    form    all    crown    classes    of    the    next 

Lass.       Using    this    relationship,     estimates 

iture    stocking     in     pure    oak    stands    may    be 

;sile.        Increment      cores      verify      that      the 

liint   trees   of   all   age   classes   exhibit    little 

wji    slowdown,    while    the    other    crown    classes 

I  ishow     signs      of      growth      slowdown,      usually 

:hjii    a     10-    or    20-year     period     prior     to     the 

ms    immediate    age.      The    change    of   a  dominant 

iodominant        crown        to        intermediate        or 

jpissed   within  a  20-year   period   may  be  due   to 

i  .ature    of     the     crown    competition     in    these 

re  stands.         Once      an      oak      gains     a     better 

siion     than     the    neighboring    ones,     the    crown 

irfe      to      enlarge.         Since      growth      patterns 

tviten    the    competitors    are    similar,    the    lower 

5V!     classes      have       little      chance      of      ever 

-attaining      their      former      position,      as      is 

oeiraes  possible    in  mixed    stands. 


Age  Class 
(years) 


Surviving  Trees  as 
Age  Increases 


1-10 


11-20 


21-30 


31-40 


41-50 


51-60 


61-70 


71-80 


All  Crown  Classes  of 
which  Dominants 


a   CI 
ts, 

/ 

n  C] 
ts, 

/ 

)wn  C- 
ints, 

/ 


All  Crown  Classes  of 
which  Dominants,  h   Codominants 


All  Crown  Classes  of 
-which  Dominants,  Codominants 


All  Crown  Classes  of 
which  Dominants,  Codominants 


All  Crown  Classes  of 
which  Dominants,  Codominants 


/ 


All  Crown  Classes  of 
which  Dominants,  Codominants 


/ 


All  Crown  Classes  of 
which  Dominants,  Codominants 


/ 


All  Crown  Classes 


Figure  3. — Red  oak  crown  classes  and  the  next  ten 
year  survival. 
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Table   3. — Numbers    per    acre   and    percentage    of    total    by   age    class    and    crown    class    for    the    upper   st 
oaks   of  eighty  natural,    pure,    even-aged   stands. 


Age  Class 

Dominant 

Codorainant 

Intermediate 

Overto 

ll 

(years) 

No. /Acre 

Percent 

No. /Acre 

Percent 

No. /Acre 

Percent 

No. /Acre 

<':ej 

1-10 

715 

23 

1338 

43 

666 

21 

406 

11-20 

131 

19 

340 

48 

89 

13 

139 

21-30 

41 

14 

162 

55 

45 

15 

48 

31-40 

32 

16 

.112 

55 

37 

18 

23 

41-50 

15 

10 

91 

61 

27 

18 

16 

51-60 

9 

8 

74 

68 

22 

20 

15 

,'l 

61-70 

6 

7 

54 

62 

16 

18 

11 

|i 

71-80 

10 

17 

26 

44 

12 

20 

10 

i! 

1 

The  crown  classes  were  also  found  to  be 
related  to  bole  quality.  Epicormic  branches,  a 
symptom  of  environmental  stress,  were  more 
common  on  those  red  oaks  having  intermediate  or 
overtopped  crown  classes.  Epicormic  branches 
lessen   the   commercial  value   of   the   bole. 

Some  patterns  of  growth  which  directly 
affect  the  commercial  aspects  of  these  red  oak 
stands  were  evaluated.  There  were  three  factors 
which  determined  the  merchantable  height  of  the 
trees  in  these  stands.  They  were,  in  order  of 
importance,  the  diameter,  the  crown  height,  and 
the  defects.  Diameter  was  primarily  determined 
by  the  spacing  and  crown  classes  of  the  trees 
(Table  4).  Closer  spaced  trees  had  slightly 
shorter  merchantability  and  smaller  diameters 
than  did  wider  spaced  trees.  Crown  height  was 
independent  of  spacing  in  these  stands  and  was 
related  to  age  and  crown  class.  Dominant  and 
codominant  trees  had  larger  diameters  than  did 
intermediate  or  overtopped  trees  (Figure  4). 
Although  the  average  diameter  of  oaks  in  pure 
stands  is  less  than  that  of  oaks  in  mixed  stands 
of  similar  age,  the  diameter  difference  is  much 
less  when  comparisons  are  made  within  crown 
class . 

The  board  foot  volume  (International  \  inch 
rule)  produced  by  these  pure  red  oak  stands  is 
considered  acceptable.  By  age  50  the  stands 
average  production  is  approximately  12,000  board 
feet  (International  h  inch  rule)  per  acre.  By 
age  70  the  production  is  nearly  24,000  board 
feet  per  acre  (Figure  5).  Clearly,  these 
"unraanaged"  pure  red  oak  stands  are  capable  of 
producing  acceptable  quantities  and  qualities  of 
red  oak. 


SUMMARY 

Regeneration  of  natural  stands  of  r 
is  highly  desirable,  but  it  is  not  unusu'^ 
stands  containing  a  high  percentage  of  re: 
to  regenerate  less  successfully  after  he 
Past  studies  indicate  that  stand  distui 
seem  to  increase  the  composition  of  red  c 
this   study   substantiated   that   observ 
While  no  single  factor  totally  explaini 
high  red  oak  component,  it  is  important  t 
that  7  8  percent   of  all  stands  were 
burned,    mowed,    or    grazed    during 
establishment.   These  results  may  prove 
in  modifying  and  improving  current  silvicu 
practices. 


.'ra!  I 


An  examination  of  the  data  collects  iron 
the  fixed  plots  revealed  that  these  :;nd5 
initially  started  with  tremendously  high  niers; 
of  red  oak,  but  stocking  declined  ra);ly. 
Apparently  the  dominant  crown  classes  s  i  iv8 
from  the  youngest  age  class  to  form  the  reiaks 
of  the  next  age.  In  subsequent  age  class  :|the 
dominants  and  codominants  survive  to  f o:  niall 
crown  classes  of  the  next  age  class.       i 

Evaluations  of  the  tree  classes  ar  Ijthe 
crown  classes  point  out  that  these  pure  r  ac 


stands   are   capable   of   producing   q 
sawtimber  in  acceptable  volumes. 


itj 


168 


t. — The    average    dbh    of    upper    story    red    oaks    by   age    and  crown   class   for  eighty  natural,    pure,    even- 
stands. 
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e  4. — Mean  DBH  of   four  crown  classes  of  red 
by     age      for      natural,      pure,      even-aged 
sinds . 
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Figure  5. — Mean  age  and  board  foot  volume  per 
acre  (International  V  rule)  of  red  oak  for 
eight  age  classes  of  natural,  pure,  even-aged 
red  oak  stands. 
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DEVELOPMENT  OF  OAK,  ASH  AND  CHERRY  REPRODUCTION 
FOLLOWING  THINNING  AND  FERTILIZATION  OF  UPLAND 


1/ 


HARDWOOD  STANDS  IN  THE  BOSTON  MOUNTAINS  OF  ARKANSAS^ 

2/ 

David  L.  Graney  and  Thomas  L.  Roger son- 


Abstract  . — A  study  of  reproduction  growth  following 
thinning  and  fertilization  in  mixed  upland  hardwood  stands 
was  initiated  in  the  Boston  Moiintains  of  Arkansas  in  the 
spring  of  1976.   Sixty- four  plots  were  thinned  to  residual 
overstory  stocking  densities  of  Uo  percent  to  more  than 
100  percent;  and  32  of  the  plots  received  a  fertilizer  ap- 
plication of  300  lb  N  per  acre  one  year  after  thinning. 
Growth  of  established  oak  (Quercus  alba  L. ,  Q^  velutina 
Lam. ,  and  Q^  rubra  L. ) ,  white  ash  (Fraxinus  americand.  L. ) , 
and  black  cherry  (Prunus  serotina  Ehrh. )  advance  reproduc- 
tion was  monitored  for  5  years  following  thinning.   In 
nonthinned  stands,  total  oak,  ash,  and  cherry  reproduction 
averaged  more  than  h  ,000  stems  per  acre ;  but  fewer  than 
1+00  per  acre  were  taller  than  1  foot  and  only  h   stems  ex- 
ceeded a  height  of  U.5  feet.   After  5  years,  numbers  of 
reproduction  stems  taller  than  U.5  feet  ranged  from  100 
per  acre  in  nonfertilized  stands  receiving  a  light  over- 
story  thinning  to  300  per  acre  in  fertilized  stands  re- 
ceiving medium  to  heavy  thinning  treatments.   Black  cherry 
and  ash  accoimted  for  more  than  two-thirds  of  th^  stems 
taller  than  U.5  feet  and  were  the  only  species  to  exceed 
10  feet  in  height  growth  during  the  5-year  period.   Fer- 
tilization had  no  effect  on  height  growth  of  established 
oak  reproduction,  but  increased  5-year  heights  of  ash  and 
cherry  reproduction  by  1  to  2  feet. 


n 


INTRODUCTION 

lixed  oak  types  comprise  most  of  the  commercial 

land  area  in  northern  Arkansas  and  oaks  are 
^minant  timber  species  throughout  the  area, 
uile,  fast-growing  intolerant  species  such  as 
1 '-poplar  (Liriodendron  t\ilipifera  L. )  do  not 
ul  in  the  upland  mixed  oak  areas  and  other  de- 
ale  species  such  as  black  walnut  ( Juglans 
,ivL. ),  black  cherry,  and  white  ash  occur  only 
^riically  and  only  on  the  better  sites.   There- 
'e[it  is  imperative  that  present  stands  are  re- 
ited  to  predominately  oak  stands  following 
it. 


Paper  presented  at  the  Southern  Silvi- 
tit-al  Research  Conference,  Atlanta,  GA, 
er  T-8,  198U. 

Principal  Silviculturist  and  Hydrologist 
te  Silviculture  and  Hydrology  Laboratory, 
rained  at  Fayetteville ,  AR,  by  the  Southern 
■et  Experiment  Station,  USDA,  Forest  Service, 
cpperation  with  the  University  of  Arkansas. 


Research  has  shown  that  the  oak  component  of 
young  hardwood  stands  following  complete  overstory 
removal  will  be  proportional  to  the  numbers  and 
size  of  oak  advance  reproduction  present  at  the 
time  of  overstory  removal  (Sander  1971,  1972). 
Size  of  oak  reproduction  at  the  time  of  final 
harvest  is  critical  for  successfully  regenerating 
the  stand.   Newly-established  oak  seedlings  and 
small  advance  reproduction  grow  much  too  slowly 
to  compete  successfully  following  harvest  (Sander 
and  Clark  1971;  McQuilkin  1975).  However ,  large 
stems  of  oak  advance  reproduction  grow  rapidly 
after  harvest  and  have  a  high  probability  of  be- 
coming dominant  in  the  new  stands  (Carvell  1979; 
Sander  1971,  1972). 

Upland  hardwood  stands  in  the  Boston  Mountains 
of  northern  Arkansas  may  have  several  thousand 
reproduction  stems  of  oak  and  other  desirable 
species  per  acre  that  are  less  than  1  foot  tall, 
but  large  reproduction  is  sparse  or  completely 


171 


absent.   Many  of  these  stands  are  vithin  30  years 
of  rotation  age,  are  fully  stocked,  and  have  well- 
developed  understories  consisting  primarily  of 
tolerant  noncommercial  species.   Given  the  present 
size  and  status  of  existing  reproduction,  the  new 
reproduction  stand  following  final  overstory  re- 
moval will  contain  a  mixture  of  species  hut  will 
almost  certainly  contain  a  low  proportion  of  oak. 
To  enhance  development  of  established  oak  advance 
reproduction  in  such  stands,  a  modified  shelter- 
wood  system  (Sander  1979,  1983;  Loftis  1983a, 
1983h;  Gottschalk  I983)  involving  light  to  medium 
overstory  removals ,  coupled  with  partial  to  com- 
plete understory  control,  is  being  evaluated  for 
upland  oak  stands  in  several  areas. 

This  report  reviews  the  5-year  height  growth 
response  of  oaks  (northern  red,  black,  and  w-hite), 
white  ash,  and  black  cherry  advance  reproduction 
to  overstory  release  and  fertilization.   The  study 
sites  are  oak  stands  with  understories  partially 
controlled  by  cutting. 


METHODS 

A  series  of  6h   fertilized-nonfertilzed  paired 
plots,  installed  on  Ozark  National  Forest  lands  as 
part  of  an  oak  growth  and  yield  study  (Graney  1980), 
provided  an  opportunity  to  study  effects  of  stand 
density  and  fertilization  on  establishment  and 
growth  of  oak,  ash,  and  cherry  reproduction. 

Each  plot  was  approximately  one  acre  in  size 
(O.U  or  0.5  acre  measurement  plot  plus  a  33-foot 
buffer  strip  treated  the  same  as  the  plot ) .   The 
6k   plots  represented  a  range  in  stand  age  of  kO   to 
75  years  and  in  site  index  (base  age  50  years  for 
northern  red  or  black  oak)  of  kd   to  8i+  feet ,  and 
included  four  overstory  density  treatments:  kO 
percent ,  60  percent  and  80  percent  relative  stock- 
ing density  (Gingrich  I967)  plus  a  nonthinned  con- 
trol.  Pretreatment  stocking  densities  for  all 
plots  averaged  about  I06  percent  for  trees  2.6 
inches  d.b.h.  and  greater  and  initial  basal  areas 
averaged  about  113  sq.  ft.  per  acre  (Table  l). 
The  understory  subcanopy  was  well  developed  on  all 
study  plots.   Small  trees  (O.6  to  2.5  inches  d.b.h.) 
averaged  more  than  60O  stems  per  acre  and  contrib- 
uted and  additional  6  sq.  ft.  of  basal  area  and 
13  percent  stocking  on  study  plots. 

Table  1.  —  Stand  characteristics  per  acre  before 
and  after  treatment  for  trees  2.6  in.  d.b.h. 
and  greater. 


Or 

iRinal 

Stand 

Res 

idual 

Stand 

Stockini; 

Numter 

:  Basal 

Number   : 

Basal 

Treatment 

of  Trees 

:  Area 

:  Stocking 

of  Trees  : 

Area 

:  Stocking 

Ft. 2 

Percent 

Ft. 2 

Percent 

Nonthinned 

I13I 

111 

107 

U31 

111 

107 

80  Percent 

331 

115 

106 

212 

87 

78 

60  Percent 

382 

111* 

106 

156 

66 

58 

UO  Percent 

ltl5 

111 

IOI4 

121. 

U2 

1*1 

Individuals  of  each  plot-pair  were  uii.; 
contiguous  (or  located  in  the  same  stand)  s-  f;., 
ceived  the  same  residual  stocking  treatmei  b'  Ouj 
plot  in  each  pair  received  a  single  fertil  i;ir  aj 
plication  of  300  lb  N  per  acre  applied  as  iioni,. 
nitrate  (3^-0-0)  1  year  after  the  thinning 
treatment.  - 


Overstory  density  treatments  in  these 
mediate-aged  stands  were  accomplished  by  t 
mostly  from  below.  Culls  and  poor  quality 
were  removed  first ,  then  intermediate  and 
pressed  trees  of  low  quality  and  vigor.  B 
stands  generally  contained  the  better  domi 
and  codominants  as  uniformly  distributed  a 
sible,  although  it  was  necessary  to  leave 
midstory  stems  on  plots  receiving  the  80  p 
stocking  treatment.  Overstories  on  all  pi 
predominately  oak.  Northern  red,  black,  a 
oaks  accounted  for  more  than  90  percent  of 
overstory  basal  area  before  treatment  and  : 
than  95  percent  after  thinning.  Although  • 
a  major  component  of  the  advance  regenerat, 
most  stands ,  ash  and  cherry  represented  le; 
1  percent  of  the  overstory  stocking  on  all 


(f  in 


Understories  on  study  plots  were  well  qlfel-| 
oped  and  consisted  of  tolerant  brushy  or  1(  ^   j 
desirable  species  such  as  red  maple  (Acer  :  ^tm  j 
L.  )  ,  serviceberry  (Amelanchier  arborea  (MidJ.  f,)i 
Fern.  )  ,  redbud  (Cercis  canadensis  L.  ) ,  and  Ack- 
gum  (Myssa  sylvatica  Marsh. )  on  poor  to  meciii 
sites,  while  dogwood  (Cornus  florida  L.),  l;|iorn- 
beam  (Ostrya  virginiana  (Mill.)  K.  Koch),  i  i-av 
(Asimina  triloba  (L. )  Dunal) ,  and  sugar  maj  L 
(Acer  saccharum  Marsh. )  were  common  on  good  jtes. 
Numbers  of  small  trees  were  highly  variable  [id 
ranged  from  fewer  than  UOO  per  acre  on  some  te 
index  50  plots  to  more  than  1,000  per  acre  )|Site 
index  70  and  80  plots.   To  make  the  contriliion 
of  small  trees  initially  as  uniform  as  poss.|e 
across  all  treated  plots  ,  numbers  of  trees 
0.6-  to  2.5-inch  d.b.h.  classes  were  reduce 
about  200  per  acre  (approximately  k   percent 
ing).   Throughout  the  period  of  plot  establ 
and  treatment,  the  Ozark  National  Forest  wa 
stricted  from  use  of  all  herbicides .  There 
numbers  of  small  trees  were  reduced  by  manu -ly 
cutting  individual  stems. 


the 
:0 

:ock- 
ment 

;£- 


Reproduction  was  measured  on  a  series  ' 
to  16  2-milacre  circular  subplots  systemati' 
distributed  across  each  plot.  On  each  subp 
all  regeneration  up  to  2.5  inches  d.b.h.  wa; 
tallied  by  species  ,  origin  (true  seedling,  : 
sprout,  or  sprout  from  a  cut  stem)  and  tota! 
to  the  nearest  1-foot  class.  For  all  oak,  i 
and  cherry  reproduction,  total  height  and  hf 
growth" during  the  5  years  since  treatment  wi 
measured  to  the   nearest   0.1  foot. 


ilii 


iit 


The   study  design  was   a   split-plot  with 
story   stocking  levels   representing  the  whole 
and   fertilizer  treatment  the   subplots  with  f 
cations.      Data  were   analyzed  using  analyses 
variance  to  test   for   differences    in  main  eff  ■ 
Duncan's  multiple   range  tests  were   used  to  c  1 
pare   individual  treatment   means. 
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RESULTS 

Ivance  Reproduction  in  Nonthinned  Stands 

;he  height   distribution  of  oak,   ash,   and 
reproduction  on  the   8  nonthinned  and  non- 
ized  plots   is  fairly  typical  of  reproduction 
nonthinned  intermediate-aged  upland  oak 
in  the  Boston  Motmtains    (Table   2).      Al- 
the  amount   of  oak  reproduction  would  "be  more 
anbdequate  to  replace  existing  stands ,  tall  ad- 
reproduction   (taller  than  U.5   feet)   is  often 
ar;' or   (as   in  this   case)   absent.     Most   of  the 

;production  is  \mder  1  foot  tall  and  rela- 
yed few  stems   are  taller  than  2   feet.      Ash  and 
err  reproduction  is  highly  variable  through- 

;he  Boston  Mountains  but   is  usually  most 
unint  on  medium  to  good  sites.      Although  ash 
lerry  will  collectively  contribute  less  than 
;ent  of  the  overstory  in  most   stands ,  they 
epresent  the  majority  of  the  desirable  spe- 
idvance  reproduction  taller  than  2   feet  and 
B.rf  all  of  the  reproduction  over  h.'y   feet   in 
igt    (Table   2). 


2. — Mean  height   distribution  of  oak,   ash, 
cherry  reproduction  stems  per  acre  present 
irlthe  8  nonthinned-nonfertilized  oak  stands. 


Height   Class    (Feet) 


<1.1 


1.1-2. 


2.1-3.0    :    B.l-i^.S    :   >h .5 


Number  of  Stems 

2130      UO       31       T       0 
herry   2278     Ll+5       78      3h  k 


e,  black,  and  northern  red  oaks. 


Reproduction  After  Treatment 
f<ts  of  Thinning 

'Residual  overstory  density  had  no  effect  on 
rs  of  small  stems  less  than  1  foot  in  height , 
t lumbers  of  stems  in  the  1.1  to  i+.5  and  greater 
a:jlt.5  height  classes  were  significantly  greater 

jinned  plots  (Table  3).   Numbers  of  oaks  taller 
a|l  foot  were  greater  in  stands  thinned  to  Uo 

I  percent  stocking.   Ash  and  cherry  reproduc- 
oj  followed  the  same  general  trend  as  the  oaks 
tjfugh  greatest  numbers  of  ash  and  cherry  stems 

associated  with  the  60  percent  overstory 
n|ty  treatment . 

While  numbers  of  oak,  ash,  and  cherry  repro- 
on  in  the  thinned  stands  increased  signifi- 
nly  over  numbers  in  the  nonthinned  situation, 
elctual  niimbers  of  stems  are  small  when  com- 
ri  to  the  increase  in  competing  stems  of  other 
e'.es.   Stems  of  other  species  increased  from 
r;than  it  ,000  per  acre  in  nonthinned  stands  to 
Ob  to  10,000  in  thinned  stands.   Of  the  2,000 
i,000  stems  greater  than  U.5  feet  in  height, 
aLy  1,000  per  acre  (primarily  red  maple  sprouts) 
ekged  10  to  20  feet  after  5  years  (Table  3). 


Effects  of  Eertilization 

Numbers  of  oak,  ash,  and  cherry  stems  less 
than  1  foot  were  significantly  lower  on  fertilized 
plots  across  all  levels  of  stocking  but  were 
greatly  reduced  in  the  nonthinned  stands  (Table  3). 
On  the  other  hand,  numbers  of  ash  and  cherry  stems 
taller  than  1+.5  feet  increased  significantly  on 
thinned  and  fertilized  plots.   Competing  stems  of 
other  species  in  all  height  classes  were  not  af- 
fected by  the  fertilizer  treatment  (Table  3). 

Height  Growth  After  Treatment 

Effects  of  Thinning  and  Fertil-■^s^•  in 

Oak,  ash,  and  cherry  seedli:.js  established 
following  the  overstory  treatmem  .  produced  little 
or  no  additional  growth  after  the  first  year  and 
generally  averaged  0.5  foot  or  less  (Table  k) . 
Ash  and  cherry  seedlings  on  thinned  and  fertilized 
plots  indicated  some  response  to  the  fertilizer 
treatments,  but  total  heights  averaged  only  about 
0.8  feet  for  3-  and  l+-year  seedlings. 

Table  k. — Total  average  height  in  feet  of  oak,  ash, 
and  cherry  seedling  reproduction  established 
following  treatment 


; 

Residual 

St 

ocking 

Percent 

Treatment 

Nonthinned 

80 

60   : 

ho 

Oaks- 

Nonfertilized 

O.U 

0.1* 

0.5 

0.5 

Fertilized 

0.1+ 

O.li 

0.5 

0.5 

Ash  +  cherry 

Nonfertilized 

O.I4 

0.5 

0.6 

0.5 

Fertilized 

0.i4 

0.5 

0.8 

0.8 

1/  White,  black,  and  northern  red  oak 


Growth  of  older  oak  seedlings  was  also  rela- 
tively slow  during  the  5-year  period  since  treat- 
ment but  was  significantly  greater  under  thinned 
stands.   Heights  of  oak  seedlings  in  thinned  stands 
increased  0.6  to  0.7  foot  while  seedlings  in  non- 
thinned stands,  grew  0.3  foot  over  the  5-year  period 
(Table  5).   Ash  and  cherry  seedling  reproduction 
responded  significantly  to  thinning  and  fertiliza- 
tion with  each  treatment  contributing  about  1  foot 
of  additional  height  growth  (Table  5). 

Sprout  reproduction,  under  stands  thinned  to 
1+0  or  60  percent  stocking,  produced  the  greatest 
height  growth  during  the  5  years  since  treatment. 
Oak  sprouts  increased  in  height  by  an  average  of 
about  2  feet,  but  did  not  show  an  additional  re- 
sponse to  fertilizer.   Heights  of  ash  and  cherry 
sprouts  increased  by  2  to  3  feet  on  thinned  and 
nonfertilized  plots  and  by  3  to  5  feet  on  thinned 
and  fertilized  plots  (Table  5). 
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Table  3. — Reproduction  per  acre  5  years  after  thinning  and  k   years  after  fertilization  of  interne  .:;te. 
aged  upland  oak  stands 


Residual 

Stocking  Percent 

NonfertJ 

.lized 

: 

Fertil 

ized 

Species 

Nonthinned 

:   80 

:    60 

:    UO 

:    Nonthinned   : 

80 

:    60 

:    UO  1 

Oaks- 
<1.1  ft. 

1.1-U.5  ft. 
>U.5  ft. 

2130a-^ 

T8a 

Oa 

l6U3a 

l62b 

50b 

1530a 

360c 

88b 

1380a 
1+UOc 
10  Ub 

398a-/ 

69a 

Oa 

895a 

295b 

25b 

7lUa 

3T0c 

50b 

1 

500a'  '■ 
i+02c 
98c  , 

Ash  +  cherry 
<1.1  ft. 

I.I-I4.5  ft. 
>l+.5  ft. 

22T8a 

25Ta 

i+a 

926a 

660b 

50b 

lT50a 

81+8c 

9Uc 

9T6a 

UT6b 

61+b 

220a 

19Ta 

Oa 

310a 
692b 
138b 

310a 

1058c 

230c 

Ul3a' 
806b 
206c- 

Other  species 
<1.1  ft. 

I.I-U.5  ft. 
>U.5  ft. 

261+5a 
3l63a 
1113a 

3080a 
6U58b 
29'+0b 

23T2a 
5TT5b 
3966b 

1595a 
5T81+b 
3506b 

2010a 
2850a 
1625a 

22148a 
5633a 
19i45a 

1731+a 
5193b 
3265b 

231Ta 
6l05b 
3962b 

1/   White,  black,  and  northern  red  oaks 

2/   Stocking  treatment  means  in  rows  within  each  fertilizer  treatment  followed  by  the  same  letter 

not  significantly  different  at  the  0.5  level 

3/  Fertilizer  treatment   statistically  significant;    *  =  P<.05 


Table   5. — Average   5-year  height   growth   (in  feet) 
of  oak,   ash,   and  cherry  reproduction  established 
prior  to  the  time   of  treatment 


Residual 

Stocki 

ig  Perce 

nt 

Treatment     : 

Nonthinned 

80 

:   60   : 

1+0 

Seedling  Reproduction 

Oaks^^ 

Nonfertilized 
Fertilized 

0.3a2/ 
0.3a 

0.6b 
0.6b 

O.Tb 
O.Tb 

0.6b 
0.6b 

Ash  +  Cherry 
Nonfertilized 
Fertilized 

0.5a 
O.Ta 

l.i+b 
2.1b 

l.Tb 
3.0c 

1.6b   , 
2.6c*^' 

Sprout  Reproduction 

Oaks-'^ 

Nonfertilized 
Fertilized 

0.5a 
0.5a 

1.2h 
1.1+b 

1.8c 
2.1c 

2.2c 
2.3c 

Ash  +  cherry 
Nonfertilized 
Fertilized 

0.8a 
1.2a 

2.2b 
3.3b 

3.3c 
U.9c 

3.1c 
5.1c» 

1/   White,  black,  and  northern  red  oaks. 

2/   Stocking  treatment  means  in  rows  followed  by  the 

same  letter  are  not  significantly  different  at  the 

0.5  level. 

3_/   Fertilizer  treatment  statistically  significant; 

*  =  P<.05. 


DISCUSSION 

A  primary  objective  in  using  the  shel 
system  in  upland  oak  stands  is  to  enhance  < 
ment  of  small  established  oak  reproduction 
size  sufficient  to  be  competitive  in  the  a 
after  final  harvest .  Under  the  overstory 
tial  understory  control  treatments  impleme 
this  study,  all  stocking  levels  resulted  i: 
crease  in  average  size  of  oak,  ash,  and  cb 
reproduction  over  that  existing  in  nonthin: 
stands.  Numbers  of  oaks  taller  than  1  foo" 
creased  from  less  than  100  per  acre  in  non 
stands  to  more  than  500  per  acre  in  the  mei 
heavily  thinned  stands .  Numbers  of  ash  an 
stems  taller  than  1  foot  in  thinned  stands 
from  300  to  1,000  per  acre  more  than  obser 
nonthinned  stands .  Most  of  the  increase  r- 
from  smaller  stems  growing  into  the  1.1-  ti 
classes  (Table  6).  Over  all  stocking  trea 
most  of  the  oak  reproduction  taller  than  1+ 
developed  from  stump  sprouts  and  primarily 
1+0-  to  60-year  old  stands .  No  oak  stump  s 
were  recorded  for  TO-year  old  stands  in  st' 
on  sites  TO  and  80.  Based  on  prethinning  1 
distributions  for  oak  growth  and  yield  pic 
resenting  TO-  to  80-year  old  stands  on  siti 
dexes  TO  and  80 ,  estimated  stump  sprouting 
son  19TT;  Sander  et  al  19T6)  for  black,  no: 
red,  and  white  oaks  would  average  only  app: 
mately  UO  stems  per  acre.  Therefore,  cont: 
development  of  small  oak  reproduction  into 
larger  size  classes  is  imperative  for  regei 
existing  stands  to  predominately  upland  oa' 
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?£le  6. — Mean  height  distribution  of  oak,  ash, 
nd  cherry  reproduction  stems  per  acre  present 
n  nonfertilized  stands  for  nonthinned  and 
0  percent  stocking  treatments 


Height  Class  (Feet) 


tment 


<1.1  :  1.1-2.0  :  2.1-3.0  :  3.1-U.5  :  >h  .3 


Number  of  Stems 


1/ 

nthinned 
Percent 

+  Caierry 

nthinned 

Percent 


2130 
1530 


2278 
1750 


UO 
183 


li*5 
1*77 


31 

91* 


78 
216 


7 
83 


3lt 
153 


1+ 
91* 


-  ,ite,   black,   and  northern  red  oaks 

Ash  and  cherry  reproduction  taller  than  ^.5 
ftt  developed  primarily  from  extended  growth  and 
,s"outs  from  established  seedlings.   Although 
,r)resenting  fewer  than  10  stems  per  acre,  ash 
al,  particularly,  cherry  sprouts  originating  from 
c;  stems  attained  average  heights  of  10  feet  on 
nifertilized  plots  and  more  than  15  feet  on  fer- 
tLized  plots,  the  maximums  observed  over  the 
5 fear  period. 

While  overstory  and  understory  treatments 
i posed  in  this  study  resiilted  in  significant  in- 
c;ases  in  the  numbers  of  oak,  ash,  and  cherry 
ssms  taller  than  1  foot,  the  average  5-year  in- 
csase  in  height  for  established  reproduction, 
jrticularly  oaks,  was  relatively  small.   Older 
dk.  seedling- reproduction  averaged  about  0.1  foot 
liight  growth  per  year,  while  sprouts  averaged 
C|2  to  0.i+  feet,  depending  on  overstory  density, 
liarly  all  of  the  oak  seedling  and  seedling  sprout 
jproduction  present  at  the  time  of  treatment  was 
jss  than  1  foot  tall  (averaging  0.3  to  0.5  foot). 

i  though  the  data  are  based  on  relatively  few 
ems,  response  of  established  reproduction  taller 
,an  1  foot  at  the  time  of  treatment  indicated 
mewhat  greater  increases  in  height  (Table  7). 
ve-year  height  increases  for  medium-  to  heavily- 
jiinned  stands  averaged  about  3  feet  for  taller 
',ik   seedlings  while  increases  ;for  ash  and  cherry 
'■eraged  about  h   and  5  feet  for  nonfertilized  and 
Irtili'zed  treatments,  respectively.   Height  growth 
I"  oak  sprouts  originating  from  either  cut  stems 
existing  stems  taller  than  1  foot  averaged  about 
5  feet.   Ash  and  cherry  sprouts  averaged  about 
^foot  increases  on  nonfertilized  stands  thinned 
b  60  and  i+0  percent  overstory  stocking,  while 
bights  of  sprouts  in  fertilized  stands  averaged 
bout  6  to  7.5  feet  for  the  same  stocking 
jbeatments . 

!   The  stands  fertilized  in  this  study  produced 
5.gnificant  increases  in  gross  basal  area  and 
ubic  foot  voliime  growth  of  the  overstory  (Graney 
983)  and  woody  browse  production  in  the  under- 
•tory  (Snyder  et  al  I982).   These  same  fertilized 
Stands  also  experienced  heavy  overstory  mortality 
•uring  the  severe  drought  of  I98O  that  negated 
,uch  of  the  growth  response  to  fertilization 
JGraney  I983). 


Table  7. —Average  5-year  height  growth  (in  feet) 
of  oak,  ash,  and  cherry  reproduction  taller 
than  1.0  foot  at  the  time  of  treatment  or  sprout- 
ing from  cut  or  established  stems  taller  than 
1.0  foot 


: 

Residual 

Stockin 

g  Percent 

Treatment   : 

Nonthinned 

:   80   : 

60 

:   1*0 

Seedling 

s 

Oaks-'' 

Nonfertilized 
Fertilized 

0.5 
0.5 

1.6 

1.6 

3.3 

3.i* 

3.0 
2.9 

Ash  +  cherry 
Noni'ertilized 
Fertilized 

1.0 
1.3 

2.0 
3.2 

Sprouts 

U.2 
5.2 

u.o 
5.2 

Oaks-'' 

Nonfertilized 
Fertilized 

- 

3.0 
2.9 

k.h 
h.3 

U.6 
U.5 

Ash  +  cherry 
Nonfertilized 
Fertilized 

- 

2.8 

3.U 

k.8 
5.9 

5.3   . 

7.5 

1/   White,  black,  and  northern  red  oaks 


Apparently,  the  combination  of  nitrogen  fer- 
tilization and  tirought  has  also  resulted  in  sig- 
nificant mortality  of  small  oak,  ash,  and  cherry 
reproduction.   On  fertilized  plots,  seedling  mor- 
tality occurred  primarily  in  the  smaller  stems , 
less  than  1  foot  tall,  and  was  most  severe  in  the 
nonthinned  plots.  While  seedling  mortality  on 
thinned  plots  occurred  primarily  in  younger  seed- 
lings established  since  thinning,  losses  on 
nonthinned  plots  included  most  of  the  older  seed- 
lings and  sprouts  as  well.  Although  the  I980 
drought  caused  some  seedling  mortality  on  non- 
fertilized  plots ,  in  most  cases  seedlings  suffered 
top  kill  and  subsequently  resprouted.   Nonfertilized 
plots  generally  had  a  higher  proportion  of  small 
seedling  sprouts  in  the  1-  to  3-year  age  classes. 

Fertilization  produced  no  significant  effect 
on  numbers  of  stems  of  other  species,  although 
numbers  of  stems  less  than  h.^   feet  tall  were  some- 
what lower  for  the  fertilized  60  percent,  80  per- 
cent, and  nonthinned  treatments  than  on  the  non- 
fertilized  plots. 

While  5-year  height  growth  of  established  oak 
reproduction  was  not  affected  by  nitrogen  fertiliza- 
tion, ash  and  cherry  produced  a  significant  height 
growth  response  on  all  thinned  plots.  Fertilizer 
application  increased  5-year  heights  by  about  1 
foot  for  older  ash  and  cherry  seedlings  and  2  feet 
for  sprouts.   Greatest  response  was  generally  as- 
sociated with  the  UO  and  60  percent  stocking  levels. 
The  additional  1-  to  2-foot  increase  in  ash  and 
cherry  height  growth  is  much  lower  than  the  1.8m 
(5.9  feet)  5-year  increases  observed  for  N-  and 
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P-fertilized  cherry  seedlings  in  Pennsylvania 
(Auchmoody  1982 ).   However,  the  Pennyslvania 
results  were  based  on  clear cut  stands  with  ini- 
tially taller  reproduction  (taller  than  5  feet) 
and  included  an  additional  response  to  P  fertili- 
zer.  In  the  Boston  Mountains,  only  fertilized 
cherry  stump  sprouts  approached  the  height  growth 
responses  indicated  for  the  Pennsylvania  cherry. 

The  partial  understory  control  treatment 
applied  in  this  study  (reducing  the  numbers  of 
stems  in  the  0.6-  to  2.5-inch  d.h.h.  classes  to 
200  per  acre  by  cutting)  was  probably  the  least 
desirable  method  of  control  but  represented  the 
only  feasible  option  due  to  the  ban  on  herbicide 
usage.   While  possibly  a  desirable  multiple  use 
type  of  treatment ,  it  significantly  increases  the 
number  of  competing  stems  from  sprouts  and  will 
require  at  least  one  additional  control  treatment 
before  an  adequate  number  of  desirable  stems  reach 
the  minimum  size  to  be  competitive  at  final  har- 
vest.  After  5  years,  numbers  of  competing  stems 
on  thinned  plots  more  than  doubled,  and  stems 
taller  than  k."^   feet  were  three  times  greater  than 
on  nonthinned  plots.   Before  treatment,  heights 
of  subcanopy  stems  in  the  0.6-  to  2.5-inch  d.b.h. 
classes  averaged  more  than  25  feet ,  and  on  most 
plots  represented  a  secondary  closed  canopy  of 
shade  above  the  small  oak ,  ash ,  and  cherry  repro- 
duction.  In  such  stands,  overstory  thinning  alone 
will  often  have  no  appreciable  effect  on  the  amovmt 
of  light  reaching  the  small  reproduction.   The 
understory  treatment  significantly  increased  light 
penetration  to  the  small  reproduction  layer  for  a 
period  of  at  least  3  years  and  resulted  in  some 
improvement  through  the  5-year  period.   However, 
as  sprouts  from  cut  understory  steins  continue  to 
increase  in  height  and  smaller  reproduction  con- 
tinues to  develop,  most  of  the  small  oak  repro- 
duction will  become  overtopped  by  less  desirable 
species  during  the  next  5  years. 


To  -J/ 


small  oak,  ash,  and  cherry  reproduction 
tain  development  of  desirable  reproduction,  a 
additional  understory  control  treatment  will 
required. 

2.  A  residual  overstory  stocking  densit 
60  percent  seems  adequate  to  achieve  developm 
of  established  oak,  ash,  and  cherry  reproduct  3 
Leaving  a  residual  overstory  density  of  80  pe  : 
generally  reduced  height  growth  of  oak,  ash,  1 
cherry  seedlings  and  sprouts  and  did  not  obvii  r 
reduce  numbers  of  competing  stems.   Mean  heig!;' 
growth  for  oak,  ash,  and  cherry  reproduction:, 
plots  thinned  to  Uo  percent  stocking  was  essei  ■ 
tially  the  same  as  that  on  60  percent  stockini 
plots.   Therefore,  there  appears  to  be  no  adviii 
to  leaving  an  understocked  situation  over  the  1 
or-more-year  period  required  for  development  (  ' 
large  advance  reproduction. 

3.  Application  of  nitrogen  fertilizer  t( 
stimulate  growth  of  oak  advance  reproduction  c  : 
not  be  justified  and  could  prove  to  be  a  liabi 
under  certain  circumstances.   On  fertilized  pi  ■ 
at  least  half  of  the  new  seedlings  established 
ing  the  study,  and  many  older  seedlings  less  t 
1  foot  tall  were  lost  to  mortality  during  the  - 
vere  drought  of  I98O.   Mortality  of  advance  re: 
duction  taller  than  1  foot  and  large  seedling  : 
sttmip  sprouts  was  generally  low. 

h.      Older  ash  and  cherry  reproduction  res : 
to  nitrogen  fertilization  and  numbers  of  stems  ; 
ler  than  U.5  feet  increased  from  fewer  than  10  : 
more  than  200  per  acre ,  which  was  more  than  do 
the  numbers  on  nonfertilized  plots.   However, 
nonfertilized  plots,  ash  and  cherry  are  presen 
adequate  numbers  and  are  still  outgrowing  the  5 
These  species  will  most  likely  become  a  signif  ; 
component  in  the  thinned  stands  on  good  sites • i 
out  nitrogen  fertilization 


CONCLUSIONS 
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While  based  only  upon  the  initial  5-year  growth 
response  after  treatments,  the  following  general 
observations  are  made: 

1.   The  shelterwood  system,  combined  with 
partial  understory  control,  appears  to  be  an  ef- 
fective system  to  enhance  development  of  estab- 
lished desirable  reproduction  in  upland  oak  stands 
in  the  Boston  Mountains .   After  5  years ,  numbers 
of  oak,  ash,  and  cherry  stems  taller  than  1  foot 
were  significantly  greater  in  treated  stands  than 
observed  for  the  nonthinned  controls .   Ash  and 
cherry  generally  produced  a  greater  height  growth 
response  to  the  overstory  treatments  than  did  the 
oak.   The  partial  understory  control  by  cutting 
treatment  imposed  on  thinned  plots  decreased  the 
level  of  subcanopy  shade  and  possibly  was  of  some 
temporary  benefit  to  small  reproduction.   However, 
rapid  development  of  the  nontreated.  understory  and 
growth  of  sprouts  from  cut  stems  have,  after  5 
years,  more  than  doubled  the  n\miber  of  competing 
stems  per  acre  and  have  mostly  overtopped  the 
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NATURAL  HARDWOOD  REGENERATION 

1/ 
IN  THE  SOUTHERN  APPALACHIANS— 


Mark  Petruncio  and  Russ  Lea—' 


2/ 


Abstract.   Numerous  unmerchantable  trees  frequently  remain 
standing  following  commercial  clearcutting  of  hardwoods.   These 
undesirable  stems  compete  with  regeneration  for  light,  moisture  and 
nutrients.   This  study  was  designed  to  compare  alternative  methods 
for  controlling  residuals  to  promote  quality  hardwood  regeneration. 
Three  treatments — chainsaw-felling  all  residual  stems  (>  1"  DBH) , 
injecting  all  residual  stems  (^  1"  DBH)  with  Tordon'^^^/  -OIR,  and 
a  control  in  which  all  residuals  were  left  standing--were  evaluated 
on  an  Appalachian  hardwood  site  in  western  North  Carolina.   The 
number  of  free-to-grow  naturally  regenerated  stems  of  desirable 
species,  including  oaks,  is  significantly  increased  by  chainsaw- 
felling  and  decreased  by  injecting  in  comparison  to  the  control. 
Stand  productivity  can  be  upgraded  by  appropriately  controlling 
residuals  following  commercial  harvest. 


INTRODUCTION 

Results  from  a  number  of  related  hardwood 
regeneration  studies  in  the  Southern  Appalachians 
(McGee,  1967;  McGee  and  Hooper,  1970;  McGee  and 
Hooper,  1975;  McGee,  1975)  indicate  that  almost 
any  intensity  of  cutting  is  followed  by  abundant 
reproduction.   Early  height  growth  of  seedlings 
and  sprouts,  however,  is  superior  following 
clearcutting  as  opposed  to  partial  cutting. 

Clearcutting  alone  cannot  solve  all  of  the 
problems  of  establishing  a  desirable  stand. 
Following  a  commercial  clearcut  of  merchantable 
timber,  there  are  often  numerous  desirable  spe- 
cies below  merchantable  size,  cull  trees  and 
undesirable  species  which  remain  standing.   The 
amount  of  residuals  left  is  dependent  upon  the 
amount  of  unmerchantable  stems  in  the  original 
stand  and  the  degree  of  utilization.   Residuals 
are  potential  wolf  trees,  with  the  inherent  capac- 
ity of  impeding  the  growth  and  development  of  the 
ensuing  regeneration  by  competing  for  light, 
moisture  and  nutrients. 


\J      Paper  presented  at  Southern  Silvicul- 
tural  Research  Conference,  Atlanta,  Georgia, 
November  7-8,  1934. 

_2/   The  authors  are,  respectively,  Research 
Assistant  and  Associate  Director,  North  Carolina 
State  University  Hardwood  Research  Program, 
Raleigh,  North  Carolina. 

_3/  The  use  of  trade  names  in  this  paper 
is  for  the  convenience  of  the  reader  and  does 
not  constitute  an  official  endorsement  or  censure. 


Suggested  methods  for  controlling  residua, 
trees  include  shearing,  chopping,  girdling, 
chainsaw-felling  or  herbicide  injection.   The  • 
complete  clearcut  where  residual  trees  are  con 
trolled,  as  opposed  to  a  commercial  clearcut 
where  no  residual  control  is  practiced,  is  sus 
pected  to  be  the  most  desirable  method  for  ens 
ing  maximum  regeneration  productivity  in  the 
Southern  Appalachians.   This  study  is  designed 
to  compare  alternative  methods  for  controlling 
residuals  to  promote  quality  hardwood  regener- 
ation.  Three  treatments — chainsaw-felling  all 
residual  stems  with  a  diameter  at  breast  heigh 
(DBH)  of  one  inch  or  greater,  injecting  all  re 
ual  stems  (?■  1"  DBH)  with  Tordon^^'  lOlR,  and 
control  in  which  all  residuals  are  left  standi 
are  examined  as  to  their  effects  on  natural  re 
eration  on  an  Appalachian  hardwood  site  in  wes 
North  Carolina.   The  research  results  are  a  po 
tion  of  a  larger,  long-term  project,  "Natural 
Hardwood  Regeneration  in  the  Southern  Appala- 
chians," organized  by  the  North  Carolina  State 
University-Industry  Cooperative  Hardwood  Resea 
Program. 

SITE  CHARACTERISTICS 

The  location  of  the  study  site  is  v;ithin 
South  Mountains  near  Dysartsville,  McDowell 
County,  N.  C.   The  experimental  unit  is  on  the 
Robertson  Tract  owned  by  Champion  Internationa 
Corporation.   Elevations  on  the  unit  range  f ro i 
1400  to  1700  feet  with  40  to  70%  slopes  and  a 
north-northwest  aspect.   Mean  annual  precipita 
tion  is  approximately  55  inches,  and  the  site 
index  is  70  feet  on  a  50-year  red  oak  base.   T  ' 
stand  had  76  ft^/ac.  basal  area  of  merchantabl 
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l|mber  that  consisted  of  a  mixture  of  red  and 
ite  oaks,  hickories  and  red  maple.   (Scientific 
mes  of  the  species  are  given  in  the  Appendix.) 
es  of  the  trees  ranged  from  75  to  150  years, 
e  tract  has  always  been  forested  but  has  prob- 
ly  been  high-graded  in  the  past  because  it  did 
t  have  a  lot  of  quality  for  its  age.   The  high- 
aded  condition  is  typical  of  most  southern 

Jrdwood  stands  which  have  been  subjected  to 
peated,  incomplete  harvests. 

The  soils  comprise  a  three-series  complex, 
e  Evard,  Cowee  and  Saluda  series,  which  are 
pic  Hapludults.   They  are  well-drained, 
ifderately  permeable,  loamy-textured  soils  that 
nned  in  residuum  from  granite,  gneiss  or  schist. 
lese  soils  are  medium  in  natural  fertility  and 
11-suited  for  commercial  production  of  hard- 
ods  but  have  severe  equipment  limitations  due 
steepness  of  slope. 

PROCEDURES 

In  July  1978,  installation  procedures  for  the 
;udy  were  carried  out  as  directed  in  the 
eneralized  Working  Plan  for  Development  of 
)Uthern  Hardwood  Stands  from  Natural  Regener- 


■4/ 


Prior  to  harvesting,  boundaries  for 


randomized  complete-block  design  were  estab- 
shed  on  15  acres.   Twelve  plots,  each  1.25 
:res,  were  permanently  marked  to  permit  four 
plications  of  three  treatments.   In  addition, 
)ur  permanent  four-mi lacre  subplots  were  estab- 
Lshed  within  each  plot  for  regeneration  sampling. 
16  merchantable  stand  was  inventoried  by  a  20% 
ruise  of  each  plot,  and  advance  reproduction 
iS  tallied  on  all  of  the  four-milacre  subplots. 

The  15-acre  experimental  unit  is  within  a 

8-acre  tract  which  was  commercially  clearcut 

^  an  independent  contractor  in  1978  and  1979. 

11  merchantable  timber  with  a  DBH  of  6  inches 

greater  was  harvested.   The  experimental  resid- 

lal  control  treatments  were  imposed  after  harvest. 

ne  treatment  involved  clearfellinq  all  residual 

r 

[terns  (^  1"DBH)  by  chainsaw.   In  the  second  treat - 

jent,  all  residual  stems  (^1"  DBH)  were  injected 

ith  Tordon  (R)  lOlR,  using  Hypo-Hatchets  (R) . 

he  third  treatment,  a  control  in  which  all  resid- 

jals  were  left  standing,  represents  the  typical 

ondition  following  a  commercial  clearcut. 

The  regeneration  was  measured  on  the  perma- 
ent  subplots  in  June  1983,  during  the  fifth 
rowing  season  following  harvest.   In  addition 
o  diameter  and  height  tallies,  the  seedlings 


4/  Kellison,  R.  C.  and  W.  E.  Gardner.   1977. 
I  eneralized  Working  Plan  for  Development  of  South- 
rn  Hardwood  Stands  from  Natural  Regeneration. 
_N  Work  Plans,  Hardwood  Research  Cooperative, 
I.  C.  State  Univ.,  Raleigh,  N.  C.   (Unpublished) 


and  sprouts  were  rated  as  either  free-to-grow 
or  overtopped  by  other  trees  or  shrubs,  for 
sprouts  only  one  stem  per  sprout  clump  was 
measured  and  rated. 

RESULTS  AND  DISCUSSION 

The  original  stand's  76  ft^/ac.  basal  area 
of  merchantable  timber  consisted  of  white  oaks 
(49%) ,  red  oaks  (23%) ,  hickories  (14%) ,  rea 
maple  (6%) ,  and  the  remainder  (8%)  of  scattered 
ye  1  low-pop l.ar,  black  gum,  shortleaf  and  Virginia 
pine  (Table  1)  . 

Ta}»le  1. — Tally  of  merchantable  stems  prior  to 
harvest  (July  1978)  on  the  Robertson  natural 
regeneration  study  site,  McDowell  County,  NC 


Species 


Trees/Acre 


White  Oaks 

55 

Red  Oaks 

27 

Hickories 

14 

Red  Maple 

10 

Other  Speciesl./ 

8 

Total 


1 14 


Basal  Area 
(ftVac.) 

37 
18 

4 
6 

76 


1/   Other  species  tallied  included  yellow-poplar, 
black  gum,  shortleaf  and  Virginia  pine. 

The  advance  reproduction  less  than  4.5  feet 
tall  averaged  1026  stems  per  acre  of  desirable 
species  and  1042  stems  per  acre  of  undesirable 
species  (Table  2) .   The  desirable  advance  repro- 
duction consisted  of  white  oaks  (35%) ,  red  oaks 
(14%),  red  maple  (37%),  and  the  remainder  (14%) 
of  yellow-poplar,  cucumber  magnolia,  hickories, 
black  gum  and  yellow  buckeye.   Dogwood  and 
sassafras  accounted  for  83%  of  the  undesirable 
species.   Also  present  were  silverbell,  sourwood, 
persimmon  and  black  locust.   In  addition,  there 
was  an  average  of  958  stems  per  acre  of  desir- 
able and  undesirable  species  greater  than  4.5 
feet  tall,  but  below  the  6-inch  merchantable 
diameter. 

Five  years  following  harvest,  there  were 
significant  differences  between  the  treatments. 
Tiie  control  plots  had  an  avpcage  residual  basal 
area  of  approximately  30  ft^/ac.   The  malformed 
crowns  of  the  residuals  had  closed,  shading 
out  the  regeneration.   On  the  chainsaw  plots 
there  was  no  overstory  competition.   In  the 
absence  of  competition,  the  ensuing  regeneration 
was  unencumbered  and  developed  rapidly.   A  dif- 
ferent situation  was  observed  on  the  inject 
plots,  the  area  was  much  more  open,  and  a  pre- 
dominance of  early  successional  weed  species 
were  present.   This  was  attributed  to  the  flash- 
back phenomenon.   Tordon  (R)  lOlR,  a  highly 
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Table  2. — Advance  reproduction  {>4.5  feet) 
tallied  prior  to  harvest  (July  1978)  on  the 
Robertson  natural  regeneration  study  site, 
McDowell  County,  N.  C. 


Desirab 

._e 

Stems/ 

Undesir 

able 
Stems/ 

Species 

Acre 

Species 

Acre 

White  Oak 

31 

Dogwood 

583 

Chestnut  Oalc 

323 

Sassafras 

276 

Northern  Red  Oak 

73 

Silverbell 

99 

Scarlet  Oak 

42 

Sourwood 

68 

Black  Oak 

31 

Persimmon 

10 

Red  Maple 

-J 

380 

Black  Locust 

5 

Other  Species- 

146 

Total 


1026 


Total 


1041 


1/ 

—  Other  species  present  included  yellow-poplar, 

cucumber  magnolia,  hickories,  black  gum  and 

yellow  buckeye. 


Table  3. — Fifth-year  (June  1983)  comparative  \. 
analysis  of  regeneration  developing  after  a  '' 
commercial  clearcut.   Two  treatments — chain  i- 
felling  residuals  and  injecting  residuals  w  < 
Tordon  (R)  101R--are  compared  to  a  control 
(residuals  left  untreated)  on  the  Robertson 
natural  regeneration  study  site,  McDowell 
County,  N.  C. 


Treatments 

Control 

Chainsaw     Inject 

Stems/ 

Percent  Differencf 

Acre 

From  Control 

Total 

Regeneration  V 

All  Species  2J 

Total  Stems  3/ 

18,719 

+40*        -  9 

Seedl ings 

9,219 

+20         -15 

Sprouts  4/ 

2,969 

+43*        -  2 

Desirable 

Species  _5/ 
Total  Stems  2/ 
Seedl ings 
Sproutsi/ 


13,953 

+  6 

-27 

8,203 

+  10 

-26 

1,750 

+  5 

-24 

active  systemic  herbicide,  is  water  soluble,  can 
move  with  surface  runoff  water,  and  can  remain 
phytotoxic  for  a  year  or  longer  when  it  enters 
the  soil  (Dow  Chemical,  1979).   Tordon  (R)  lOlR 
not  only  eliminated  the  residuals  but  other  seed- 
lings and  sprouts  by  translocation  through  root 
grafting.   Additionally,  untreated  trees  were 
affected  by  root  uptake  of  herbicide  leached 
into  the  soil  or  excreted  by  the  roots  of  nearby 
treated  trees. 

The  results  of  each  of  the  two  alternatives 
are  compared  and  the  number  of  stems  is  expressed 
as  a  percent  difference  from  the  control  situation 
(Table  3).   In  doing  so,  we  are  evaluating  for 
biological  differences  and  economic  justification 
for  imposing  each  of  the  two  treatments  which 
have  associated  costs,  compared  to  what  would 
ensue  with  no  treatment  at  no  additional  cost. 
Overall,  chainsaw-f elling  the  residuals  increased 
the  number  of  stems  in  all  categories  except 
total  stems  of  desirable  species,  while  injecting 
the  residuals  decreased  the  number  of  stems  in 
all  categories  except  large  regeneration  of 
desirable  and  undesirable  species  collectively. 

The  total  number  of  stems  of  all  species  was 
significantly  increased  by  chainsawing  and  de- 
creased by  injecting.   When  the  total  regeneration 
was  analyzed  by  species,  there  was  an  increase  in 
the  number  of  desirable  stems  on  the  chainsaw 
plots  and  a  significant  decrease  on  the  inject 
plots.   The  injected  residual  stems  included  both 
desirable  and  undesirable  species.   Injecting 
eliminated  the  stems  of  desirable  species  below 
merchantable  size,  whereas  chainsawing  induced 
vigorous  resprouting.   The  opposing  responses  to 
these  treatments  accounts  for  the  differences  in 
the  number  of  stems  of  desirable  species. 


Large 

Regeneration- 
All  Species  2/ 


Total  Stems  3/ 

5,125 

+  101* 

+  3 

Seedlings 

438 

+  121 

+  18 

Sprouts  4/ 

984 

+  87* 

+  6 

Desirable 

Species  5/ 

Total  Stems  3/ 

3,875 

-   7 

-28 

Seedlings 

391 

+  28 

-20 

Sprouts  4/ 

625 

+   5 

-  8 

Free-to-Grow 
Desirable 
Species  _5/ 

Total  Oak 

Regeneration 
Total  Stems  ZJ 
Seedlings 
Sprouts  4/ 


2,625 


3,500 
191 
766 


+  52^ 


+  17 
+  61 
+   6 


-37* 

-28 

-37* 


—  Total  regeneration  includes  regeneration  of 

all  sizes. 

2/ 

—ALL  species  includes  desirable  and  undesirab 

species . 

3/ 

—  Total  stems  includes  all  stems  per  sprout  cl i 

plus  seedlings. 

4/ 

—  Sprouts  includes  only  one  dominant  stem  per 

sprout  clump. 

Desirable  species  are  listed  in  the  Appendix 


5/ 

—  Large  regeneration  is  greater  tnan  4.5  ft.  t<  1 
*  Significant  at  0.10  level  of  significance 
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Chainsawing  significantly  increased  the  total 
umber  of  stems  greater  than  4.5  feet,  while  there 
as  almost  no  difference  between  injecting  and 
he  control .   The  large  regeneration  of  desirable 
pecies  will  likely  have  the  best  chance  of  sur- 
iving  and  becoming  future  crop  trees,  compared 
o  the  regeneration  less  than  4.5  feet  at  5  years, 
allies  of  the  numerous  stems  would  not  have  been 
s  informative  without  a  measure  of  competition 
uch  as  the  free-to-grow  category.   Although  no 
ignificant  differences  were  found  in  the  number 
f  large  stems  of  desirable  species  between  the 
reatments,  there  was  a  significant  increase  in 
he  number  of  free-to-grow  stems  of  desirable 
pecies  on  the  chainsaw  plots. 

Timber  managers  in  the  Southern  Appalachians 
re  concerned  with  the  proportion  of  oaks  in  the 
nsuing  regeneration  because  of  their  commercial 
alue.   On  the  control  plots,  oak  regeneration 
lade  up  25%  of  the  desirable  species.   The  number 
if  oaks  was  increased  by  chainsawing  the  residuals 
nd  significantly  decreased  by  injecting.   The 
lore  valued  species,  oaks,  appear  to  be  very  sus- 
leptible  to  flashback  by  Tordon ''^^  lOlR. 

CONCLUSION 

We  are  beginning  to  manage  the  total  forest 
esource,  including  hardwood  sites.   Tremendous 
jpportunities  exist  for  improving  the  quality 
)f  the  resource.   Objectives  of  judicious  hard- 
rood  management  are  to  perpetuate  and  upgrade 
;tand  productivity.   Early  results  indicate  that 
ihese  objectives  can  be  achieved  by  clearcutting 
ind  appropritately  controlling  residuals  to  favor 
latural  regeneration,  a  method  that  mimics  Nature 
)etter  than  any  other  harvesting  system. 

Treatment  by  chainsaw  is  faster,  less  expen- 
sive (Cathey,  1983)  and  a  more  effective  means 
)f  controlling  residuals  than  the  Hypo-Hatchet (R). 
The  appearance  of  the  cutting  unit  is  tremendously 
improved  by  clearfelling  the  residuals.   This 
Is  an  important  issue  for  an  aesthetically  minded 
public. 

Chainsaw-f el  ling  is  currently  being  adopted 
oy  land  managers  as  a  preferred  residual  control 
treatment  on  Appalachian  hardwood  sites  as  a  re- 
feult  of  this  study  and  other  operational  experi- 
[Snce  (Cathey,  1983).   The  number  of  free-to-grow 
jBtems  of  desirable  species,  including  oaks,  is 
Ipignif icantly  increased  by  chainsaw-f elling  the 
jjresiduals  and  decreased  by  injecting  with  Tordon ''^i 
jlOlR  in  comparison  to  the  control.   Analysis  of 
Ijfifth-year  regeneration  measurements  indicates 
Ithat  the  use  of  chainsaws  to  control  residuals 
can  be  an  effective  and  desirable  method  for  im- 
proving natural  hardwood  regeneration  in  the 
outhern  Appalachians. 


LITERATURE  CITED 


of  the  Hdwd.  Res.  Coun.  Cashiers,  N.  C.  May 
10-13,  1983.   180  pp. 

Dow  Chemical  Company. 

1979.   TORDOn(R)  lOlR  FORESTRY  HERBICIDE, 

Specimen  label  86-1340  printed  In  USA,  Oct.. 
1979. 

McGee,  C.  E. 

1967.   Regeneration  In  Southern  Appalachian 
oak  stands.   USDA  For.  Serv.  Res.  Note 
SE-72.   6  pp. 

McGee,  C.  E.  and  R.  M.  Hooper. 

\970.   Regeneration  after  clearcutting  in  the 
Southern  Appalachians.   USDA  For.  Serv.  Res. 
Pap.  SE-70.   12  pp. 

McGee,  C.  E.  and  R.  M.  Hooper. 

1975.   Regeneration  trends  10  years  after 
clearcutting  of  an  Appalachian  hardwood 
stand.   USDA  For.  Serv.  Res.  Note  SE-227. 
3  pp. 

McGee,  C.  E. 

1975.  Regeneration  alternative  in  mixed  oak 
stands.  USDA  For.  Serv.  Res.  Pap.  SE-125. 
8  pp. 

APPENDIX 

Scientific  and  common  names  of  tree  species 
referred  to  in  this  study: 


Scientific  Name 


+  Acer  rubrum  L. 

+  Aesculus  octandra  Marsh. 

*  Amelanchier  arborea 

(Michaux  F.)  Fernald 
+  Carya  spp.  Nuttall 

*  Castanea  dentata 

(Marshall)  Borkh. 

*  Castanea  pumila (L. )  Miller 

*  Cornus  florida  L. 

*  Crataegus  spp.  L. 

*  Diospyros  virginiana  L. 
+  Fagus  grandifolia  Ehrh. 

*  Halesia  Carolina  L. 

*  Ilex  opaca  Aiton 

+  Liriodendron  tulipif era  L. 
+  Magnolia  acuminata  L. 
+  Nyssa  sy Ivatica  Marsh. 

*  Oxydendrum  arboreum  (L.)  DC. 
+  Pinus  echinata  Miller 

+  Pinus  virginiana  Miller 

+  Prunus  serotina  Ehrh. 

+  Quercus  alba  L. 

+  Quercus  coccinea  Muenchh. 

+  Quercus  prinus  L. 

+  Quercus  rubra  L. 

+  Quercus  velutina  Lam. 

*  Robin i a  pseudoaccia  L. 

*  Sassafras  albidum 

(Nuttall)  Nees. 


Common  Name 

Red  Maple 
Yellow  Buckeye 

Serviceberry 
Hickory 

American  Chestnut 

Chinquapin 

Dogwood 

Hawthorn 

Persimmon 

Beech 

Silverbell 

Holly 

Yel low-Poplar 

Cucumber  Magnolia 

Black  Gum 

Sourwood 

Shortleaf  Pine 

Virginia  Pine 

Black  Cherry 

White  Oak 

Scarlet  Oak 

Chestnut  Oak 

Northern  Red  Oak 

Black  Oak 

Black  Locust 

Sassafras 


Cathey,  T.  N. 

1983.  Natural  regeneration  in  the  Southern 
Applachians.  In  P'-oc,  11th  Ann.  Hdwd.  Symp. 
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+  Desirable  Species 
*  Undesirable  Species 


PRELIMINARY  RESULTS  OF  EXPERIMENTAL  PRESCRIBED  BURNING  TO  FAVOR  OAK  REGENERATION 

ON  THE  NORTH  CAROLINA  PIEDMONtI/ 

2/ 
William  C.  Davis  and  Stephen  J.  Begin— 


Abstract. — A  study  was  begun  on  Duke  Forest  in  1980  to 
assess  the  effects  of  prescribed  burning  -on  the  establishment 
of  oak  regeneration  beneath  mixed  hardwoods  stands.   Five 
stands  were  first  burned  in  the  fall  of  1980  and  reburned 
during  the  late  winter  of  1984.   Understory  vegetation  was 
tallied  annually  in  four  height  classes:   0-2  ft,  2-5  ft, 
5-12  ft,  and  greater  than  12  ft  but  less  than  2  inches  dbh. 
The  larger  size  classes  were  essentially  eliminated  by  the 
first  burn.   The  number  of  stems  in  the  smaller  size  classes 
increased  after  the  fire,  and  species  densities  changed 
substantially.  Yellow-poplar  produced  an  average  of  64,000 
gerrainants  in  1982,  which  had  decreased  to  19,000  by  1983. 
The  number  of  oak  seedlings  remained  constant  although  their 
relative  position  declined  due  to  the  yellow-poplar  ger- 
minants  and  abundant  sprouting  of  large  top-killed  hardwoods. 
The  burning  regime  and  annual  monitoring  will  continue. 


—  Paper  presented  at  Southern  Silvicultural  Research 


Conference,  Atlanta,  Georgia,  November  7-8,  1984. 

2/ 

—  Assistant  Professor  of  Silviculture  and  Rese 

Assistant,  respectively,  Duke  University,  Durham,  NC 
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FEDERAL  INCOME  TAX  TREATMENT  OF  SILVICULTURAL 

COSTS  ASSOCIATED  WITH  YOUNG  PINE  STANDSW 

William  C.  Siegel2/ 


Abstracts. — The  Revenue  Code  provides  five  methods  for 
recovering  silvicultural  costs.   The  coi:*rect  or  optimal  proce- 
dure is  often  difficult  to  determine.   This  paper  reviews  and 
analyzes  the  present  law  in  terms  of  various  silvicultural  and 
protection  practices  associated  with  young  pine  stands. 


INTRODUCTION 

Many  silvicultural  and  related  protection 
mctices  are  employed  by  foresters  in  the  estab- 
ihment  and  early  management  of  young  pine 
iinds.  The  Internal  Revenue  Code  permits 
r;overy  of  part  of  the  costs  of  these  activities, 
L  reported  on  the  federal  income  tax  return. 
r.s  process,  however,  is  not  always  an  easy  one. 
[?  law  reflects  the  wide  variability  among  prac- 
t:es  by  providing  five  separate  methods  of 
rcovering  expenses. 3^/  The  extent  of  savings 
l')ends  on  which  is  used.  The  correct  or  optimal 
focedure,  and  whether  mandatory  or  optional,  in 
trn  depends  on:  (1)  what  the  practice  is,  (2)  its 
frpose,  and  (3)  the  taxpayer's  tax  status  and 
cjsh-flow  position.  Being  able  to  treat  a  partic- 
i^ar  silvicultural  expenditure  in  a  certain  way 
fr  federal  income  tax  purposes,  as  opposed  to 
iother  way,  may  mean  the  difference  between  the 
lactice  being  cost-effective  or  not. 

The  major  problem  is  determining  whether  a 
Ivlcultural  activity  is  legally  part  of  the 
iand  establishment  process,  a  protection  measure, 
(  associated  with  maintaining  and  improving  an 
•tablished  stand.  Sometimes  a  single  practice 
ty  fall  into  two  or  more  of  these  categories  at 
le  same  time.  In  many  instances  the  distinction 
:  not  clear,  but  depends  on  a  number  of  different 
ctors  —  all  of  which  must  be  considered. 
Ijcent  tax  law  changes  in  this  area  have  further 


1/  Paper  presented  at  Southern  Silvicultural 
search  Conference,  Atlanta,  Georgia,  November 
8,  1984. 

2/  Chief  Economist  and  Project  Leader,  USDA, 
rest  Service,  Southern  Forest  Experiment 
ation.  New  Orleans,  Louisiana. 

3/  These  methods  include  three  types  of  capi- 
ilization  —  deduction  of  capitalized  expendi- 
res  from  sale  proceeds,  capital  cost  recovery 
lepreciation)  and  amortization  —  as  well  as 
pensing  (deduction  of  expenditures  in  year 
icurred)     and     investment     tax    credits. 


added  to  the  confusion.   What  was  formerly  correct 
may  not  necessarily  be  so  today. 

This  paper  will  review  and  analyze  the  present 
law  regarding  the  federal  income  tax  treatment  of 
silvicultural  and  related  protection  costs  associ- 
ated with  the  establishment  and  management  of 
young  pine  stands.  Such  activities  as  prescribed 
burning,  use  of  chemicals,  mechanical  brush  and 
weed  control,  rodent  control,  insect  and  disease 
control,  fertilization,  weeding,  cleaning,  pre- 
commercial  thinning,  wildfire  prevention  and  con- 
trol, and  various  timber  stand  improvement  (TSI) 
practices  will  be  addressed.  Guidelines  will  be 
presented  to  assist  managers  in  making  the  proper 
federal  income  tax  determinations. 


COST  RECOVERY  PROCEDURES 

In  order  to  partially  recover  silvicultural 
costs,  they  must  either  be  deducted  as  operating 
expenses  (often  called  expensing)  or  capitalized. 
Sometimes  a  tax  credit  may  also  be  taken.  Capi- 
talization is  generally  less  advantageous  than 
expensing. 


Capitalization 

Section  263  of  the  Internal  Revenue  Code  pro- 
vides that  amounts  expended  for  real  estate  or 
equipment  used  for  business  or  investment  pur- 
poses, or  to  make  improvements  that  increase  the 
value  of  such  property,  are  non-deductible  capital 
investments. 4^/  The  rule  of  thumb  is  that  the 
benefits  of  capital  expenditures  are  either  per- 
manent, or  that  they  will  last  for  a  determinable 
period  of  more  than  one  year.  Such  costs  must  be 
capitalized  —  that  is,  they  must  be  segregated 


4/  The  term  "non-deductible"  as  used  here  does 
not  "mean  that  such  costs  are  not  deductible  per 
se,  but  rather  that  they  cannot  be  taken  as  a 
current  deduction  in  the  year  they  are  incurred. 
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into  a  capital  account.  They  are  generally  not 
recoverable  immediately,  but  rather  are  deducted 
from  income  over  a  period  of  time  as  the  capital 
asset  or  improvement  with  which  they  are  associ- 
ated is  sold,  used  up,  or  worn  out.  The  precise 
procedures  employed  to  recover  capital  costs  vary, 
depending  on  the  nature  and  useful  life  of  the 
asset  acquired  or  the  practice  undertaken. 


Deduction  from  Sale  Proceeds 

Deduction  of  a  capitalized  expenditure  from 
sale  proceeds  is  usually  the  least  desirable 
recovery  method  from  the  taxpayer's  standpoint. 
However,  this  procedure  must  be  followed  for  items 
with  a  permanent  or  indeterminable  life,  or  for 
practices  with  a  permanent  benefit.  Not  only  is 
the  deduction  deferred  until  the  asset  is  sold 
(sometimes  a  period  of  many  years),  but  it  usually 
offsets  a  long-term  capital  gain  that  is  taxed  at 
a  much  lower  rate  than  is  ordinary  income. 


Capital  Cost  Recovery 

Capitalized  expenditures  for  machinery  and 
equipment  having  a  useful  life  of  more  than  one 
year  are  generally  recovered  by  a  process  called 
capital  cost  recovery  (formerly  termed  deprecia- 
tion) .5^/  Annual  deductions,  which  in  the  aggre- 
gate total  the  cost  of  the  item  being  depreciated, 
are  taken  on  the  tax  return  over  the  useful  life 
of  the  item.  Useful  lives  (recovery  periods)  are 
determined  in  accordance  with  guidelines  issued  by 
the  Internal  Revenue  Service.  Capital  cost 
recovery  deductions  may  offset  ordinary  income 
from  any  source,  which  makes  them  considerably 
more  advantageous  than  a  deduction  from  a  long- 
term  capital  gain. 


Amortization 

The  third  method  of  recovering  a  capitalized 
cost  is  by  amortization.  Capital  expenditures  not 
associated  with  machinery  or  equipment,  or  not 
otherwise  depreciable,  but  which  add  value  to  a 
capital  asset  by  providing  a  non-permanent  benefit 
of  more  than  a  year's  duration,  may  be  deducted  in 
annual  installments  over  the  life  of  the  benefit 
or,  in  some  instances,  over  another  specified 
period  of  time.  These  deductions  may  also  be  off- 
set against  ordinary  Income  from  any  source  and 
thus  have  an  advantage  similar  to  that  of  depreci- 
ation. 


incurred. 6^/  These  expenses  —  sometimes  relged 
to  as  "ordinary  and  necessary"  costs  —  are  t)se: 
generally  related  to  the  income  potential  c  rihe 
property  (Briggs  and  Condrell,  1980;  U.S.  D(  fo- 
ment of  Agriculture  1982).  It  is  not  necessj t 
that  the  property  be  currently  producing  it  ue, 
but  the  owner  must  have  a  profit  motive.  Th«  ;ni 
"profit"  can  be  limited  to  appreciation  in  mk, 
Expensing  is,  of  course,  more  advantageous  lan 
capitalization  since  the  entire  deduction  is  t^en 
in  the  year  that  the  cost  is  incurred  an  hay 
always  be  offset  against  ordinary  income.  /  il- 
lar  saved  today  is  more  valuable  than  one  -i^ed 
later. 


Tax  Credit 

A  tax  credit,  rather  than  being  a  dedi  :icn 
from  taxable  income  —  as  are  the  other  meth(  :  of 
recovery  —  is  a  direct  deduction  from  taxes  :ed, 
For  example,  a  person  in  the  AO  percent  tax  Ifck- 
et  with  a  $500  cost  taken  as  a  deduction  aji|iist 
ordinary  income  would  save  $200  in  taxes.  ]  |the 
$500  were  allowed  as  a  tax  credit,  however  jthe 
savings  would  be  $500  —  not  $200. 


TAX  TREATMENT  OF  SPECIFIC  SILVICULTURAL  PRAC1  lES 

How  should  the  costs  of  specific  silvicu!,(ral 
and  related  protection  practices  be  treated  ((i|the 
federal  income  tax  return?  Costs  directly  |so- 
ciated  with  establishment  are  capital  expendr'lres 
and  must  be  capitalized. 7_/  On  the  other  Ind, 
most  of  those  incurred  for  stand  maintenar  j  or 
protection  are  usually  considered  to  be  ci  fat 
operating  costs  and  thus  expensable.  Thei  Sare 
some  exceptions  to  this  general  rule,  holder. 
For  example,  even  though  particular  machine  tor 
equipment  expenditures  may  be  incurred  for  (and 
maintenance  or  protection,  they  are  nevertl  *ess 
considered  to  be  capital  items  and  must  be  (ipi- 
talized.  If  a  practice  involves  both  stand  i  !|ab- 
lishment  and  stand  maintenance,  the  cost  na  be 
proportionately  allocated  between  each.      \ 


Recovery  of  Stand  Establishment  Costs 

Prior  to  1980,  stand  establishment  costs  luU: 
only  be  recovered  as  a  depletion  deduction  :hen 
the  timber  was  cut,  or  as  a  deduction  fron  'ale 
proceeds  when  the  timber  was  sold.  The  gc  J  in 
such  situations,  against  which  the  deductl  3|  is  ^ 
taken,  is  usually  a  long-term  capital  gai"' 
taxable  generally  at  a  much  lower  rate  'hai! 


Expensing 

Expenditures  categorized  as  operating  costs 
may  be  deducted  in  full  from  ordinary  income  from 
any   source   (expensed)   in   the   year   they   are 


_5/  Internal  Revenue  Code,  Sections  167-168. 
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6/  Sections  161-162  of  the  Internal  R< 
Code  allow  corporate  and  individual  businesH 
deduct  all   "ordinary  and  necessary  expe'  i 
Similar  language  is  found  in  Section  212  re  i 
to  expenses  of  producing  income  from,  or  ii 
aging  and  conserving  nonbusiness  investment 
property  held  by  individuals. 

]_/   Treasury  Regulation  1.611-3(a) 


nue 
to 
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lan- 
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nary  income  .8^/   This  type  of  recovery  is  not 
ly  as  advantageous  as  a  more  timely  deduction 
ordinary  income. 


Since  1980,  however,  the  first  $10,000  of 

d  establishment  costs  each  year,  even  though 

1  talized,  have  been  recoverable  by  amortization 

iibre  the  trees  are  cut  or  sold.   A  fiction  in 

iij  law  was  created,  setting  the  useful  life  of 

aj  trees  at  seven  years.   Two  options  are  avail- 

!)|:.   The  first  consists  of  amortizing  the  total 

ijiwable  annual  cost  ($10,000  maximum)  over  8  tax 

>s,   beginning  with  the  year  the  expenditure  was 

One-fourteenth  of  the  cost  is  amortized 

year,  one-seventh  during  each  of  the  next  six 

jfs,  and  the  remaining  one-fourteenth  the  eighth 

The  deductions  may  be  taken  whether  or  not 

taxpayer   itemizes   deductions   on  his   tax 

irn.   In  addition,  an  eight  percent  tax  credit 

jjalso  allowed  (eight  percent  of  a  maximum  of 

1  000). 


The  second  option  is  to  amortize  95  percent  of 
total  allowable  annual  cost  ($9,500  maximum) 
'  eight  tax  years  as  described  above.  In  this 
,  a  ten  percent  tax  credit  is  allowed  (ten 
;ent  of  a  maximum  of  $10,000).  This  latter 
tion  is  usually  more  advantageous  for  most 


ij)ayers . 

The  amortization  and  credit  provisions  are 
aerate  elections.  Either  or  both  can  be  sel- 
c^d  or  rejected.  If  the  taxpayer  chooses  not  to 
jijrtize  qualifying  expenditures,  they  may  be 
:aj.talized  in  the  traditional  way  —  as  an  offset 
hji  the  timber  is  cut  or  sold.  In  any  event,  all 
iS^blishment  costs  in  excess  of  $10,000  per  year 
jujt  also  be  recovered  by  that  method. 


Recovery  of  Stand  Maintenance 
and  Protection  Costs. 

jl  All  stand  maintenance  and  protection  expenses 
i't  fall  within  the  category  of  current  operating 
:s  (ordinary  and  necessary  expenses)  may  be 
f'jcted  (expensed)  against  ordinary  income  from 
r  source  in  the  year  they  are  incurred  (U.S. 
et.  Agriculture  1982,  Cox  1984)9^/.  To  utilize 
tjs  procedure,  however,  the  taxpayer  must  itemize 
•fjctions  on  his  return.  As  an  alternative,  most 
jirent  operating  costs  may  be  capitalized  as 


;  i  8/  For  non-corporate  taxpayers,  the  long-term 
cital  gain  tax  rate  is  only  AO  percent  of  the 
c  rate  applied  to  ordinary  income.  For  corpo- 
»!e  taxpayers ,  the  ordinary  rate  is  less  than  the 
i'tg-term  gain  rate  on  the  first  $50,000.  On  that 
lotion  of  a  corporate  taxable  gain  exceeding 
•■ji.OOO,  however,  the  reverse  is  true.  In  such 
Rations,  the  differential  between  the  two  rates 
.•'  be  as  much  as  18  percent — a  28  percent  long- 
.1.111  capital  gain  rate  versus  a  46  percent  ordi- 
'y  rate. 
9/  Also  see  footnote  4,  supra. 


"carrying  charges"  rather  than  expensed. 10/  This 
would  normally  occur  only  in  those  years  in  which 
the  taxpayer  does  not  itemize  deductions.  In 
those  instances,  if  not  capitalized,  they  would  be 
permanently  lost  for  tax  purposes.  Capitalized 
carrying  charges  are  deducted  from  sale  proceeds 
when  the  timber  to  which  they  apply  is  cut  or 
sold. 

As  has  been  pointed  out,  certain  costs  associ- 
ated with  stand  maintenance  and  protection  may  not 
be  current  operating  costs.  Such  expenses  must  be 
capitalized.  Specific  recovery  procedures  will  be 
discussed  later. 


Stand  Establishment  Versus  Stand  Maintenance. 

Some  silvicultural  situations  obviously  fall 
into  the  establishment  category  and  some  into  the 
maintenance  and/or  protection  category.  For  exam- 
ple, the  law  is  clear  that  direct  costs  incurred 
in  connection  with  reforestation  by  planting, 
direct  seeding  or  natural  seeding  are  part  of  the 
stand  establishment  process  and  must  be  capital- 
ized .n_/  The  Internal  Revenue  Service  (IRS)  has 
ruledl2/  that  such  costs  include  those  for: 

(a)  Preparation  of  the  site,  including  any 
girdling,  herbicide  applications,  baiting 
of  rodents  or  brush  removal  work  to  afford 
good  growing  conditions; 

(b)  acquisition  of  seedlings  and  seed;  and 

(c)  labor  and  tools,  including  depreciation  of 
equipment  such  as  tractors,  trucks,  tree 
planters  and  similar  machines  used  in 
planting  or  seeding. 

The  IRS  has  further  ruledl3/  that: 

(a) 'The  cost  of  seedlings  includes  the  amount 
expended  for  those  purchased,  and  those 
planted  and  raised  by  the  taxpayer;  and 
that 


Sections   265-266; 


1966);  Belcher  v. 

.  9733  (N.D.  ALA. 

302  F.2d  289  (5th 


10/Internal  Revenue  Code 
Treasury  Regulation  1.266-1. 

1 1/  Treasury  Regulation  1.61 1-3 (a);  Chapman 
and  Dewey  Lumber  Co.  v.  United  States,  238  F. 
Supp.  869  (W.D.  Tenn.  1965,  rev'd  on  other 
grounds,  359  F.2d  495  (6th  Cir. 
Patterson,  60-2  U.S.  Tax  Cas. 
1960),  rev'd  on  other  grounds, 
Cir.  1962). 

12 /Revenue  Ruling  75-467, 
superceding  Revenue  Ruling  55-252, 
319. 

J_3/Revenue  Ruling  66-18,  1966-1  C.B. 
Although  this  ruling  deals  with  a  Christmas  tree 
operation,  it  is  applicable  to  other  timber  oper- 
ations as  well.  See  Barham  v.  United  States,  301 
F.  Supp.  43  (D.  GA.  1969),  affirmed  429  F.2d  40 
(5th  Cir.  1970). 


1975-2  C.B. 
1955-1 


93, 
C.B. 

59. 
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(b)  Labor  and  tool  expense  includes  all  costs 
involved  in  planting  the  .seedlings, 
including  all  amounts  expended  for  trans- 
portation, supervision  and  labor,  equip- 
ment rental  and  depreciation  of  owned 
equipment  and  tools  used  in  connection 
with  the  planting.  The  portion  of  the 
depreciated  cost  of  equipment  thus  added 
to  the  basis  of  the  seedlings  should  be 
proportionate  to  the  use  of  the  equipment 
or  tools  in  planting  as  compared  with  the 
use  of  such  equipment  or  tools  in  other 
activities  of  the  taxpayer .14/ 

Thus  there  is  no  question  that  silvicultural 
costs  directly  concerned  with  site  preparation, 
natural  regeneration,  seeding  and  planting  are  a 
part  of  stand  establishment  and  must  be  capital- 
ized. The  law  is  less  clear,  however,  regarding 
silvicultural  operations  performed  after  regen- 
eration has  been  accomplished,  or  in  stands  that 
contain  a  mixture  of  both  older  trees  and  young 
reproduction.  When  are  such  activities  part  of 
the  establishment  process  and  when  are  they  asso- 
ciated with  stand  maintenance?  Some  of  these 
issues  have  been  addressed  by  the  IRS,  both 
informally  and  in  the  form  of  revenue  rulings. 
Still  others  have  received  the  attention  of  the 
courts. 


Brush  Control 

The  IRS  has  discussed  brush  removal  in  young 
pine  stands  by  stating  in  Revenue  Ruling  66-1815/ 
that  "brush  removal  work  performed  a  year  or  two 
after  planting  is  considered  to  be  proximately 
related  to  the  establishment  of  the  seedlings. 
Such  work,  is  essentially  a  part  of  the  planting 
operation,  and  its  cost  should  be  capitalized."  A 
key  distinction  raised  by  this  ruling  is  the  dif- 
ference between  brush  removal  and  silvicultural 
practices.  The  ruling  goes  on  to  state  that  costs 
for  brush  removal  incurred  after  trees  have  become 
established  are  in  the  nature  of  maintenance 
charges  for  a  silvicultural  practice  and  thus  are 
deductible  as  an  ordinary  and  necessary  trade  or 
business  expense.  Therefore,  whether  brush  con- 
trol expenditures  must  be  capitalized  —  or  may  be 
deducted  —  depends  on  the  timing  of  the  practice. 
The  critical  factor  is  whether  the  seedlings  have 
become  established  or  not.  It  is  immaterial 
whether  chemicals,  fire  or  mechanical  control 
means  are  used.  Seedlings  would  not  be  considered 
to  be  established  if  brush  control  was  crucial  to 
their  continued  survival.  This  could  still  be  the 
situation  several  years  after  planting  or  seeding. 
On  the  other  hand,  the  IRS  here  recognized  that 
seedlings  could  become  established  in  as  little  as 


14/  Thus  that  portion  of  the  machinery  and 
equipment  depreciation  allowance  attributable  to 
stand  establishment  must  be  capitalized  as  a  stand 
establishment  cost.  It  may  not  be  taken  as  a  nor- 
mal depreciation  deduction. 

lb/  Footnote  11  supra. 


one  year  —  that  is,  brush  removal  would  e« 
their  growth  and  vigor,  but  not  be  essentiii; 
survival.  The  practice  may  also  serve  a  duat 
pose  in  uneven-age  stands.  It  may  be  a  siti 
paration  measure  (prior  to  either  inters  t 
planting  or  natural  regeneration),  but  at  th 
time  increase  the  growth  and  vigor  of  establ 
seedlings.  In  such  a  situation,  allocate t 
cost  can  be  made  between  capital  and  exip 
proportional  to  the  extent  of  each  of  thfe 
benefits. 


Since   Revenue   Ruling   66-18   deals  wvi 
Christmas  tree  operation,  some  IRS  official: 
attempted  to  limit  its  applicability  with  r- 
to  brush  control  to  just  Christmas  trees  am 
to  commercial  timber  operations. 16/   Theyi 
argued  that  brush  control  in  established  od 
cial  stands  improves  the  timber  by  promotiili 
long-term   growth   and   enhancement   (a   bl» 
lasting  more  than  one  year)  and  thus  is  a  cd 
improvement  the  cost  of  which  must  be  capital 
The  weight  of  authority,  however,  is  agains 
position.   Revenue  Ruling  66-18  contains  e 
sion  of  opinion  by  the  IRS  regarding  issu( 
capitalization  versus  business  expense  whicii 
relevant  as  well  to  standard  timber  open 
(Briggs  and  Condrell,  1978  at  page  86) 
were  pointed  out  in  Barham  v.  United  Stat<t( 


where  a  federal  district  court  held  that  thee 
control  portion  of  Revenue  Ruling  66-18  appll 
commercial  timber  stands  as  well  as  to  Chrii 
tree  operations.   The  District  Court,  whiri 
upheld  by  the  Fifth  Circuit  Court  of  App{ 
ruled  that  just  because  commercial  southerir 
timber  may  be  harvested  many  years  into  the    * 
(as  opposed  to  only  a  few  years  for  Chrti 
trees)  is  no  basis  for  not  applying  the  rull 
brush  control  expenditures  in  such  stands.-. 
Court,   citing   several   additional   authort 
further  pointed  out  that  brush  control  in 
lished  stands  —  even  though  having  certainn 
tal  characteristics  —  is  nevertheless  a  cuii 
practice,  and  thus  its  cost  is  an  ordinanj 
necessary  trade  or  business  expense  whi<: 
currently  deductible  under  Section  162(a)  ( i;the  ■ 
Internal  Revenue  Code.   Briggs  and  Condrell  '80) 
have  also  stated  that  the  cost  of  brush  reial, 
if  done  as  a  cultural  operation  after  planti i to 
been  accomplished  (the  stand  established),  •  ba 
expensed. 

The  correct  tax  determination  will  obv  IslJ  ■ 
vary  among  individual  brush  control  situajnSi-- 
If  it  becomes  an  issue,  independent  profesinal- 
forestry  judgment  and  opinion  should  suffic  to: 
settle  the  question.  For  example,  in  the  Ba ;g 
Case,  the  plaintiffs  relied  on  the  testimon;  f «i 
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16/  The  forestry  staff  of  the  IRS  di 
office  in  Atlanta  evidently  still  holds  t( 
position,  as  indicated  by  informal  communic i 
between  members  of  that  staff  and  several 
author's  colleagues. 

17/  Footnote  11,  supra. 
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ji|ulting  forester  that  the  young  pine  trees  in 
tion  were  established  and  growing. 


Fire  Protection  and  Control 

Although  the  issue  has  not  been  addressed  by 
I'.eT  the  IRS  or  the  courts,  there  may  be  a  way 
1,  a  portion  —  or  even  all  —  of  brush  removal 
3!is  in  unestablished  pine  stands  can  be  expensed 
i^er  than  capitalized.  Fire  protection  and  con- 
r^j  expenditures  are  always  currently  deductible 
spperating  costs,  whether  incurred  in  an  estab- 
Med  or  unestablished  stand  (Briggs  and 
olrell,  1978;  U.S.  Department  of  Agriculture 
9';  Briggs  and  Condrell,  1980;  Cox  1984).J^/ 
h>,  to  the  extent  that  brush  removal  can  be 
him  to  be  a  fire  protection  measure  by  reducing 
hi  fuel  hazard,  the  cost  should  be  a  deductible 
aier  than  a  capital  one.  In  other  words,  the 
xmditure  should  be  deductible  to  the  extent 
m.  it  relates  to  fire  protection  versus  the 
;Xj;nt  to  which  it  is  necessary  for  stand  estab- 
iiiment.  If  brush  removal  is  essential  for  stand 
u/ival,  and  can  also  be  shown  to  serve  as  a  fire 
rpection  and  control  measure  (a  dual  purpose), 
m  it  would  seem  to  be  reasonable  to  capitalize 
af  the  cost  and  deduct  the  other  half.  If  the 
Sjie  is  raised,  expert  opinion  or  testimony  may 
lenecessary  to  establish  the  probability  of  fire 
nja  particular  area  and  the  necessity  of  control 
>>|removing  brush.  Foresters  can  also  render 
ixprt  opinion  about  the  liklihood  of  stand  estab- 
.ihment  in  the  absence  of  control.  Soil  moisture 
;cditions,  seedling  vigor,  time  of  planting  or 
:£ding,  and  other  successful  reforestation 
!^prts  nearby  that  did  not  rely  on  the  practice 
rcid  all  be  relevant  to  proving  that  stand  estab- 
.ihment  is  not  a  primary  motive  and  function  of 
iish  removal. 


Weeding,  Cleaning,  Improvement  Cutting 
and  Precommercial  Thinning 

The  IRS  also  stated  in  Revenue  Ruling  66-1819/ 
:l]t  silvicultural  practices  such  as  weeding, 
leaning  and  noncommercial  thinning  —  and,  by 
lilllcation,  improvement  cutting  —  "incurred 
iler  the  trees  have  become  established"  are  in 
■i  nature  of  maintenance  activities  and  thus  the 
i|ts  are  deductible  as  ordinary  business 
!|enses.  Situations  in  which  this  distinction 
)|omes  an  issue  will  also  very  likely  be  decided 
)  the  basis  of  the  timing  of  the  work,  just  as 
r.h  brush  control.  The  Barham  decision20/  also 
ipessed  the  applicability  of  this  portion  of  the 
"Ling  to  commercial  timber  operations.   The  court 


held  that  expenditures  for  these  practices  in 
association  with  young  but  well  established  pine 
trees  being  grown  for  commercial  timber  purposes 
were  deductible  business  expenses  in  keeping  with 
the  IRS  position  in  Revenue  Ruling  66-18.  The 
plaintiffs  here  relied  on  the  expert  testimony  of 
their  consulting  forester  that  the  costs  in  ques- 
tion were  common  and  economically  beneficial  ones 
associated  with  established  stands  in  the  tree 
farming  business. 

Weeding  and  cleaning  expenditures  have  not 
been  addressed  by  other  authority  except  to  the 
extent  that  such  activities  would  be  included 
under  brush  control.  Numerous  other  authorities 
substantiate  the  expensing  of  precommercial 
thinning  costs,  however  (Cox  1984;  Briggs  and 
Condrell,  1980;  U.S.  Department  of  Agriculture, 
1982;  Research  Institute  of  America,  1984). 21/ 
Pitsenbarger  (1982)  has  written  that  although  a 
few  IRS  agents  have  proposed  that  precommercial 
thinning  is  sometimes  a  part  of  stand  establish- 
ment, that  none  to  his  knowledge  have  forced  the 
issue.  Improvement  cuttings  are  discussed  by 
Briggs  and  Condrell  (1980)  as  follows:  "if  ordi- 
nary and  necessary  business  expenses  fall  within 
the  category  of  ...  carrying  charges,  they  can  be 
expensed  ....  While  carrying  charges  are  not 
specifically  defined  in  the  regulations,  they  gen- 
erally include  ...  such  expenses  as  ...  improve- 
ment cutting."  Briggs  and  Condrell  go  on  to  say 
"Suppose  he  makes  expenditures  for  ...  and 
improvement  cutting  in  immature  stands  not  as 
incidental  to  any  planting  operations.  These 
expenses  are  deductible." 

Weeding,  cleaning,  improvement  cutting  —  and 
possibly  pre-commercial  thinning  —  may  also  serve 
a  multiple  purpose  in  mixed-age  stands.  These 
practices  can  increase  the  growth  and  vigor  of 
established  trees  and  at  the  same  time  insure  sur- 
vival of  young  seedlings.  In  such  situations  it 
should  be  possible  to  allocate  expenditures 
between  capital  and  expense  based  on  professional 
expertise  and  judgment. 


Timber  Stand  Improvement  (TSI) 

The  costs  of  destroying  unwanted  mature  hard- 
woods have  also  been  the  subject  of  a  recent  IRS 
ruling. 22^/  The  facts  stated  in  that  ruling  that 
the  taxpayer  owned  extensive  loblolly-shortleaf 


18/  Also  see  Treasury  Regulation  1.162-1; 
i'enue  Ruling  66-18,  supra;  Warner  Mountains 
^|3ber  Co.  v.  Commissioner,  9  T.C.  1171  (1947), 
^1.  1948-2  C.B.  4. 

19/  Footnote  11,  supra. 

20/  Footnote  11,  supra. 


21/  For  example,  see  U.S.  Department  of  Agri- 
culture 1982,  Guide  to  Federal  Income  Tax  for 
Timber  Owners.  This  publication  was  reviewed  and 
approved  by  the  IRS  prior  to  publication.  On  page 
9,  the  following  statement  is  made:  "Noncommer- 
cial thinnings  of  immature  stands  and  timber  stand 
improvement  (TSI)  work  are  not,  strictly  speaking, 
activities  involving  carrying  charges.  If  such 
work  is  done  after  the  stand  is  established,  you 
can  deduct  the  cost  as  an  operating  expense." 

22/  Revenue  Ruling  76-290,  1976-2  C.B.  188. 
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pine  acreage  that  also  contained  numerous  hard- 
woods. For  restocking  after  harvesting,  the  owner 
relied  primarily  on  natural  regeneration  by  uti- 
lizing seed  trees,  eradicating  the  hardwoods  when 
the  seedlings  were  from  3  to  7  years  old.  How- 
ever, if  adequate  natural  stocking  was  not 
achieved  after  3  to  5  years,  he  resorted  to  plant- 
ing. The  hardwoods  were  then  eliminated  as  part 
of  the  site  preparation  process.  Both  mechanical 
and  chemical  control  methods  were  used.  The  hard- 
wood eradication,  whether  associated  with  planting 
or  seeding,  was  a  one-time  endeavor  —  not  a 
recurring  practice.  The  IRS  ruled  that  it  consti- 
tuted site  preparation  in  both  situations,  was 
therefore  a  part  of  stand  establishment,  and  thus 
a  capital  cost.  An  important  issue  associated 
with  this  ruling  concerns  identification  of  that 
point  in  time  when  naturally  regenerated  loblolly 
and  shortleaf  seedlings  under  a  hardwood  canopy 
become  established.  The  IRS  held  here,  under  the 
facts  presented  by  the  taxpayer,  that  establish- 
ment does  not  occur  until  at  least  7  years.  How- 
ever, the  time  period  could  differ  from  one  situ- 
ation to  another.  Pitsenbarger  (1982)  reports 
that  a  common  agreement  with  IRS  agents  with 
respect  to  hardwood  deadening  has  been  5  years, 
and  that  the  time  period  is  negotiable  depending 
on  the  particular  agent  involved.  It  is  also  pos- 
sible that  hardwood  eradication  as  described  in 
this  ruling  could  serve  a  dual  purpose  —  there- 
fore justifying  an  allocation  of  costs  between 
capital  and  expense. 

Numerous  other  authorities  also  support  the 
deductibility  of  TSI  expenditures  in  established 
stands  as  current  operating  costs  (Cox  1984;  U.S. 
Department  of  Agriculture  1982;  Briggs  and 
Condrell,  1980).  23^/ 


clearly  a  maintenance  expense  and  thus  cur  ■(; 
deductible.  Again,  in  stands  of  mixed  age 
tlple  purposes  could  be  involved,  polntiitii 
allocation  of  cost  between  capital  and  ex  (ie,i 
If  the  issue  arises,  professional  expertls  ijnj, 
judgment  should  be  utilized  to  make  the  uer 
determination. 


Fertilization 


The  IRS  has  issued  no  formal  rulings  c 
treatment  of  fertilization  expenditures,  nc 
the  issue  been  a  part  of  any  court  decision, 
tilization  that  is  clearly  part  of  site  pTir\ 
tion  is  obviously  associated  with  stand  estali 
ment  and  its  cost  should  be  capitalized  as 
Fertilizer  expenditures  that  occur  after  pli 
or  seeding,  however,  are  treated  as  amort:t 
expenses  by  the  IRS  (Pitsenbarger  1982).  TI 
because  seedling  survival  does  not  depend  c 
practice  being  conducted  at  that  point  in  i 
These  costs  are  amortized  by  allocating  the; 
amount  among  annual  deductions  over  the  benei  iUl 
life  of  the  particular  fertilizer  being  used,  'he 
deductions  may  be  offset  against  ordinary  j  rime 
from  any  source.  The  beneficial  life  of  mosl  '.x- 
tilizers  Is  still  in  question  and  there  is  /en 
considerable  difference  of  opinion  within  tVilS 
on  this  point.  Thus,  amortization  period  ire 
usually  negotiated  on  an  individual  basis  bfol)!en  : 
taxpayers  and  the  IRS.  Pitsenbarger  (^10);; 
reports  that  generally  the  costs  are  being  -n- 
tized  over  5  to  15  years  depending  on  the  pai  ::u- 
lar  fertilizer  applied.  They  do  not  have  :  be 
amortized,  however.  They  may  be  capitallz  in 
the  regular  manner,  and  recovered  when  the  ^es 
are  cut  or  sold,  if  the  taxpayer  wishes. 


Rodent,  Animal,  Disease  and  Insect  Control 


Machinery  and  Equipment 


The  costs  of  rodent,  animal,  disease  and 
Insect  control  in  established  stands  are  clearly 
deductible  expenses  even  if  non-control  would 
result  in  death  of  the  trees  (U.S.  Department  of 
Agriculture  1982;  Briggs  and  Condrell,  1980).  In 
stands  that  have  not  yet  become  established,  how- 
ever, the  tax  status  of  such  expenditures  would 
seem  to  hinge  on  whether  control  is  essential  for 
initial  seedling  survival  and  growth  or  whether  it 
serves  only  to  enhance  vigor  and  existing  growth. 
In  the  former  Instance,  the  cost  is  part  of  the 
stand  establishment  expense  and  thus  a  capital 
expenditure. 24/   In  the  latter  situation,  it  is 


23/  See  Footnote  17,  supra. 

24/  The  IRS  has  addressed  rodent  control  in 
nonestabllshed  stands  in  Revenue  Ruling  75-467 
(Footnote  10,  supra),  stating  that  the  expense  of 
such  control  is  a  capital  cost  if  part  of  the  site 
preparation  process.  Although  animal,  disease  and 
insect  control  have  not  been  formally  discussed  by 
the  IRS  in  a  similar  context,  the  same  rationale 
would  seem  to  apply. 


Those  portions  of  depreciation  deduction 
machinery  and  equipment  that  are  associated 
stand  establishment  must  be  capitalize' 
such. 25/  They  may  then  be  recovered  as  an  c 
against  the  gain  realized  when  the  timber  i 
or  sold,  or  under  the  reforestation  amortiz 
procedure.  The  reforestation  tax  credit  i 
available  for  such  costs.  Machinery  and  equl 
expenditures  not  associated  with  stand  estah 
ment  may  be  recovered  by  depreciation  in  the 
mal  fashion  —  that  is,  by  taking  deductions 
ordinary  Income  over  the  established  life  o 
item.  In  both  types  of  situations,  an  inves 
tax  credit  may  also  be  taken.  For  machiner 
equipment  with  a  recovery  life  of  three  years 
credit  .is  6  percent  —  for  items  whose  cost 
recovered  over  5  years,  the  credit  is  ten  per 
If  the  taxpayer's  timber  operation  is  clea: 
business  as  opposed  to  only  an  investment,  h 
the  option  of  expensing  the  first  $5,000  of  o 
wise  depreciable  costs  each  year.   If  he  elects 
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25/  See  footnote  12  supra. 
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jBO,  however,  the  investment  tax  credit  on  that 
%(,nt  is  lost. 


CONCLUSION 

The  federal  income  tax  status  of  some  silvi- 
Uiural  and  related  protection  expenditures 
s])ciated  with  young  pine  stands  is  clear.  The 
t(us  of  certain  other  costs  is  not.  The  correct 
n'or  optimal  way  to  handle  each  expenditure 
e|!nds  not  only  on  the  nature  of  the  practice, 
tl  timing,  and  its  purpose  —  but  also  on  the 
a)ayer's  cash  flow  situation,  his  tax  status 
nihis  available  tax  options.  Continuing  changes 
rtthe  tax  law  tend  to  further  complicate  the 
elision-making  process ,  as  does  the  fact  that  the 
Rl  has  not  formally  ruled  on  many  silvicultural 
saes.  Thus  each  silvicultural  situation  must 
ol  only  be  related  to  the  law  and  to  possible  tax 
.h|ices,  but  also  to  current  IRS  practices. 

By  utilizing  professional  forestry  judgment 
expertise,  many  taxpayers  should  be  able  to 
ix'anse  certain  costs  that  at  first  glance  would 
ipear  to  be  capital  expenditures.  Even  when  all 
)fa  particular  cost  cannot  be  allocated  to  the 
ixanse  category,  it  may  be  possible  to  expense  a 
ultain  portion.  In  that  type  of  situation, 
igressive  effort  by  the  taxpayer  —  coupled  with 
;l-i  proper  technical  advice  —  can  often  pay  big 
lijidends  in  the  form  of  tax  savings.  Such  ini- 
:j|tive  may  well  result  in  a  particular  silvicul- 
:ijal  practice  being  cost  effective  whereas  other- 
r:je  it  would  not  be.  The  key  is  to  know  the 
ifjhnical  facts  of  each  silvicultural  situation, 
)( cognizant  of  the  law,  and  meld  the  two  together 
ill  maximum  advantage. 
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1/ 


THE  INVESTMENT  POTENTIAL  OF  COTTONWOOD  SAWTIMBER  PLANTATIONS-^' 

2/ 
Walter  C.  Anderson  and  Roger  M.  Krinard— 


Abstract. — Cottonwood  sawtimber  plantations  provide  an 
exceptionally  rapid  rate  of  value  growth  per  acre  over  a 
relatively  short  investment  period.  But  the  costs  of  estab- 
lishing and  tending  a  stand  the  first  year  are  high.  The 
conditions  and  alternative  management  strategies  yielding 
investment  payoffs  exceeding  8  percent  annual  rate  of  return 
were  analyzed. 


Cottonwood  plantations  could  help  to  supply  a 
market  that  is  dependent  on  a  declining  resource. 

The  principal  products  made  from  cottonwood 
lumber  and  veneer  are  boxes,  crates,  baskets,  and 
pallets  (Forest  Products  Laboratory  1974).  The 
furniture  industry  also  uses  cottonwood  lumber  and 
veneer  because  of  their  desirable  characteristics. 
The  wood  glues  easily  and  holds  paint  well. 
Because  of  its  light  color,  faint  grain,  and  the 
indistinct  division  between  heartwood  and  sapwood , 
cottonwood  can  be  grained  to  simulate  any  species. 

Eastern  cottonwood  (Populus  deltoides  Bartr.), 
—  the  fastest  growing  tree  in  North  America  — 
reaches  its  optimum  growth  in  the  rich,  moist, 
soils  of  southern  bottomlands  (McKnight  1971). 
Although  cottonwood  grows  in  every  state  east  of 
the  Rocky  Mountains,  most  of  the  commercial  timber 
is  found  in  natural  stands  on  alluvial  soils  in  the 
Mississippi  River  Delta. 

By  controlling  the  flow  of  the  River,  the  Corps 
of  Engineers  is  hindering  the  formation  of  new  land 
and  thus  is  slowing  the  creation  of  new  natural 
stands.  At  the  same  time,  cottonwood  acreage  is 
being  reduced  by  clearing  land  for  field  crops, 
such  as  soybeans,  and  the  construction  of  impound- 
ments . 

More  than  a  million  acres  in  the  lower  Missis- 
sippi River  Valley  are  suitable  for  cottonwood  pro- 
duction. However,  only  50,000  acres  have  been 
planted. 


\J   Paper  presented  at  Southern  Silvicultural 
Research   Conference,   Atlanta,   Georgia,   November 
7-8,  1984. 

1/  Walter  C.  Anderson  is  Principal  Economist 
Forest  Resource  Law  and  Economics,  Southern  Forest 
Experiment  Station,  New  Orleans,  Louisiana  and 
Roger  M.  Krinard  is  Principal  Silviculturist, 
Southern  Hardwoods  Laboratory,  Southern  Forest 
Experiment  Station,  Stoneville,  Mississippi. 


Expansion  of  cottonwood  acreage  in  the 
depends  on  the  attractiveness  of  cottonwood  p] 
tions  as  an  investment.  No  extensive  eco 
analysis  of  cottonwood  plantations  was  made  t 
that  by  Dutrow  and  others  (1970).  They  rep 
rates  of  return  for  combinations  of  site  qua 
establishment  costs,  and  stumpage  prices  that 
be  used  by  cottonwood  planters  as  guides  in  n 
investment  decisions.  Only  fragmentary  da! 
plantation  yields  existed  at  the  time.  Conseq 
ly,  the  investigators  were  unable  to  fully  sp 
the  conditions  under  which  investments  in  cc 
wood  provide  an  adequate  return  on  capital, 
improved  biological  data  base  has  become  aval 
since  then,  which  allows  a  more  extensive  ev 
tion  of  cottonwood  plantations  as  an  inves 
alternative. 
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This  paper  examines  and  compares  investmen :  in 
cottonwood  sawtimber  plantations.  The  rests 
indicate  the  conditions  under  which  they  may  rn 
an  adequate  return. 


DATA  AND  METHODS 


Production  Data 


Yield  data  for  single  rotations  of  30-yea '[lil 
plantations  were  provided  by  the  Southern  Har  Ijod 
Laboratory  at  Stoneville,  Mississippi  (Tabl(  )• 
They  are  based  on  records  of  experimental  p  t- 
ings,  supplemented  with  measurements  of  > 
plantings ,  and  the  expert  judgment  of  knowled ; 
individuals.  These  are  the  best  currently  a' 
able  data. 


Three  site  classes  were  recognized  —  me  m. 
good  old  field,  and  good  forest.  The  site  « 
for  medium  sites  equals  100  feet  at  30  years;  at 
for  good  sites  is  120  feet.  Good  sites  are  us -ly 
on  loam  soils,  and  medium  sites  are  often  on  c  •  ■ 

Five  spacing  intervals  were  used  on  m<  cjui 
sites  and  six  on  good  sites,  with  the  addition  \ 
36-  by  36-foot  spacing.   At  the  narrowest  spac  ' 
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Table  1. -Cubic  and  board-foot  volume  yields  of  cottonwood  sawtimber  plantations 
by  site,  spacing  interval,  and  thinning  regime 

Medium  Site 


Spacing 

interval 

(feet) 


12x12 

16x18 

24x24 

24x24 

28x28 

28x28 
32x32 


12x12 

16x18 

24x24 

28x28 

32x32 
36x36 


Age 


years 


5 
12 
20 
30 

8 
18 
30 

15 
30 

15 
30 

30 

30 


Remaining  stand 

I 

Trees   I  Average 
per  acre  I   d.b.h. 


number 


inches 


Good  Site 


—  Figures  in  parentheses  are  topwood . 

rarval  on  medium  sites,  little  sawtimber  may  be 
niuced  because  the  average  d.b.h.  at  harvest  is 
iPy  14.1  inches.  Stands  in  which  the  largest 
■iis  are  15  inches  d.b.h.  or  less  cannot  be  sold 
It  sawtimber. 
! 

I  All  stands  were  thinned  at  least  once  except 
:l3e  with  the  two  widest  spacing  intervals  on  each 
lit  —  28  by  28  and  32  by  32  feet  on  medium  sites. 


Volume  cut 
per  acre 


cu  ft 


bd  ft 


7 

128 

6.1  , 

645 

__ 

18 

58 

10.5 

830 
(300)-!^' 

— 

30 

0 

14.1 

3,330 

12 

64 

9.1 

910 



30 

0 

16.2 

(630) 

6,980 

21 

42 

15.5 

(120) 

1,320 

30 

0 

18.8 

(855) 

9,480 

21 

47 

15.5 

(95) 

1,060 

30 

0 

18.8 

(940) 

10,430 

21 

36 

16.0 

(95) 

1,080 

30 

0 

19.3 

(765) 

8,530 

30 

0 

18.8 

(975) 

10,860 

30 

0 

19.4 

(835) 

9,290 

120 

6.1 

630 

— 

76 

11.8 

760 

— 

50 

16.5 

(145) 

1,620 

0 

21.5 

(1,610) 

17,910 

68 

9.4 

1,040 



45 

16.8 

(135) 

1,530 

0 

22.8 

(1,725) 

19,150 

40 

16.7 

(205) 

2,270 

0 

23.8 

(1,805) 

20,060 

38 

17.6 

(130) 

1,450 

0 

24.7 

(1,885) 

20,950 

0 

24.9 

(1,920) 

21,350 

0 

25.4 

(1,580) 

17,560 

and  32  by  32  and  36  by  36  feet  on  good  sites.  The 
first  thinnings  in  the  stands  spaced  12  by  12  and 
16  X  18  feet  were  row  thinnings  in  which  every 
other  row  was  removed.  Stands  at  these  close 
spacings  on  good  sites  were  thinned  more  frequent- 
ly than  those  on  medium  sites.  On  medium  sites, 
stands  spaced  24  by  24  feet  were  thinned  at  one  of 
two  intensities,  and  stands  spaced  28  by  28  feet 
were  either  thinned  or  not  thinned. 
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Board-foot  volume  yields  were  greatest  for 
stands  spaced  24  by  24  feet  on  both  medium  and 
good  sites.  On  medium  sites,  the  volume  harvested 
was  greater  where  thinning  was  lighter.  On  good 
sites,  there  was  little  difference  in  total  yields 
between  stands  spaced  24  by  24  feet  and  those 
spaced  28  by  28  feet  —  22,330  vs.  22,400  board 
feet. 

Costs 

Establishing  a  plantation  includes  selecting 
and  preparing  the  site  and  planting  the  stand  and 
cultivating  it  during  the  first  year.  Procedures 
for  establishing  and  tending  plantations  are  those 
currently  employed  by  growers  in  the  Delta,  and 
costs  are  those  typically  being  paid  in  the  region. 


Price 

Three  price  levels  were  used  in  this  anali 
Medium  stumpage  prices  were  the  average  pi( 
being  paid  in  the  Delta.  The  medium  prices 
sawtimber  was  $100  per  thousand  board  i 
(Doyle).  The  low  level  was  50  percent  below* 
medium  price,  and  the  high  level  was  50  peid 
above  it.  For  pulpwood,  the  three  stumpage  i( 
levels  were  $5,  $10,  and  $15  per  standard  cc 
The  respective  prices  for  pulpwood  per  100  co 
feet,  based  on  90  cubic  feet  per  cord,  were  $1', 
$11.11,  and  $16.67.  These  prices  were  applied 
volumes  of  topwood  recovered  from  sawtimber  ttj 
and  to  pulpwood-size  trees  removed  in  thinning 

Internal  Rate  of  Return 


The  highest  site  preparation  costs  are  for 
forested  sites  that  must  be  cleared  of  timber 
before  they  can  be  readied  to  plant  (Table  2). 
Site  preparation  costs  are  lowest  where  clearing  is 
not  needed,  such  as  old  fields.  In  this  study,  all 
medium  sites  were  treated  like  old  fields,  i.e., 
not  requiring  clearing.  Old  fields  must  be  plowed, 
however,  to  break  the  sod  and  thus  eliminate  soil 
compaction  and  aerate  the  soil.  On  some  old 
fields,  subsoiling  is  necessary  to  breakup  hardpans 
that  have  developed  through  years  of  cultivation. 

Costs  of  planting  and  tending  a  stand  during 
the  first  year  are  about  the  same  for  all  sites. 
Included  in  this  cost  are  planting  stock,  labor, 
and  machine  time.  There  also  may  be  an  additional 
cost  of  $5  to  $10  per  acre  the  first  year  for 
insect  control.  Plantations  spaced  24  by  24  feet 
or  wider  must  be  mowed  in  years  2,  3,  and  4  at  a 
cost  of  $5  per  acre  each  year.  Ad  valorem  taxes 
are  to  $0.65  per  acre  per  year.  The  yearly  cost  of 
fire  protection,  management,  and  other  expenses 
amounts  to  $10  per  acre. 

There  are  pruning  costs  for  trees  in  stands 
spaced  24  by  24  feet  and  wider.  Without  pruning, 
trees  in  widely  spaced  stands  cannot  be  sold 
because  the  boles,  due  to  persistent  limbs,  are  of 
such  low  quality. 

At  spacings  of  24  by  24  feet  and  wider,  all 
trees  are  pruned  to  16  feet  in  two  steps  at  a  cost 
of  $0.75  per  tree.  Crop  trees  are  pruned  from  16 
to  32  feet  with  a  contract  cherry  picker  at  an 
additional  cost  of  $2  per  tree.  Pruning  is  done 
during  the  dormant  season. 

Timing  of  pruning  differed  by  site  Index. 
Pruning  to  the  specified  height  occured  after  the 
specified  growing  season: 


Height 
— ft~ 

0  to  7 
7  to  16 
16  to  32 


SI  120 


SI  100 


— growing  season — 


3 

6 

11 


Cost  per  tree 

$0.20 
$0.55 
$2.00 


Periodic  pruning  costs  per  acre  aie  shown  in  Table 
3. 


The  19  investment  options  (based  on  7  sp^ 
and  thinning  combinations  for  the  medium 
class  and  6  for  each  of  the  2  good  site  claai 
were  evaluated  on  the  basis  of  costs  and  expi 
returns  before  income  taxes.   The  profitabilifi 
each  option  was  measured  in  terms  of  internal [ 
of  return  (ROR).   This  measure  of  capital  efel 
iency  is  preferred  for  decision  making  becaui 
permits  comparisons  of  investments  whose  refcl 
and  costs  come  at  different  times  during  the  i 
tion.   ROR  is  the  compound  rate  of  interest  ;l| 
exactly  equates  the  discounted  value  of  ftfi 
revenues  with  the  sum  of  the  initial  capital  I 
lays  and  the  discounted  value  of  all  other  c 
incurred  during  the  rotation. 


RESULTS 

Returns  from  Cottonwood  Plantations 

The  highest  RORs  were  obtained  for  plantat  i|is 
on  good  old  field  sites,  followed  by  those  on  pi 
forest  sites  (Table  4).  The  lowest  RORs  were  'ir 
plantations  on  medium  sites  (Table  5). 

At  the  medium  stumpage  price  level,  the  tit 
spacing  on  good  old  field  sites  was  12  by  12  f;t 
and  on  good  forest  sites  was  16  by  18  feet,  le 
best  spacing  on  medium  sites  was  24  by  24  !=;• 
Stands  at  this  spacing  with  the  highest  RORs  "^e 
lightly  thinned. 

At  the  medium  stumpage  price  level,  [le 
highest  RORs  for  stands  established  at  the  ]  :j!t 
cost  per  acre,  by  site  class,  were  8.9  percent  or 
good  old  field  sites,  6.4  percent  for  good  fctit 
sites,  and  3.4  percent  for  medium  sites. 


Increased  cost  per  acre  to  establish  a  s  tid 
reduced  the  ROR.  The  amount  of  the  reduc 
varied  from  13  to  20  percent  and  averaged  16  f 
cent  for  the  lowest  to  the  highest  costs  usel 
the  study. 

Stumpage  price  levels  also  had  an  ef f ec : 
RORs.   Moving  from  one  price  level  to  the  ' 
changed  the  ROR  for  a  given  spacing  interval  3 
given  site  class  by  2  or  3  percentage  points, 
even  more  in  some  instances. 
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Table  2. -Costs  of  growing  cottonwood  sawtimber  plantations  in  the  Mississippi 
River  Delta 


Cost 


Item  of  expense 


Low 

High 

$/acre 

250.00 

350.00 

50.00 

60.00 

115.00 

155.00 

.    5.00 

10.00 

10.65 

10.65 

5.00 

5.00 

.   1/  . 

Preparation  ^  of: 
Forested  site 
Old  field  site 

Planting  and  first-year  costs 

Insect  control 

3/ 
Annual  costs— 


2/ 


Mowing- 


4/ 


—  Includes  site  selection,  land  clearing  where  needed,  and  readying  site  for 
planting. 

2/ 

—  Includes  planting  stock,  planting,  and  cultivation  for  1  year. 

3/ 

—  Includes  taxes,  fire  protection,  and  management  expenses. 

4/ 

—  In  years  2,  3,  and  4  in  plantations  spaced  24  x  24  feet  or  wider. 


Table  3. -Pruning  costs  per  acre  by  year  for  two  site  classes  and  four  spacing 
intervals 


Medium  (SI  100) 


Spacing 
(feet) 


Good  (SI  120) 


T 


Year 


Cost 


Year 


Cost 


24x24 


28x28 


32x32 


$/acre 


4 

ill 

14.00 
38.50 
84.00 
94.00 

4 
12^/ 

u5/ 

10.00 

27.50 

72.00 

100.00 

4 

7 

12 

8.00 
22.00 
80.00 

$/acre 

14.00 
38.50 
80.00 


10.00 
27.50 
76.00 


8.00 
22.00 
80.00 


36x36 


4 

7 

12 


6.00 
16.50 
60.00 


—  Heavily  thinned  plantation. 

2/ 

—  Lightly  thinned  plantation. 

VThinned  plantation. 

4/ 

—  Unthlnned  plantation. 
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Table  4. -Rates  of  return  for  cottonwood  sawtimber  plantations  by  site 
establishment  costs,  and  stumpage  price  level 


spacing  interval , 


Good  Old 

Field 

Stumpage 
price 

1  Estabm't 
1    cost 

Spacing 

interval  (feet) 

level 

12x12 

1   16x18 

1   24x24 

1   28x28   1   32x32 

1   36x36 

$/acre 


percent 


Low 


165 
195 
225 


4.85 
4.39 
3.99 


4.95 
4.50 
4.10 


3.43 
3.13 
2.86 


3.49 
3.20 
2.93 


3.11 
2.84 
2.59 


2.43 
2.15 
1.90 


Medium 


165 
195 
225 


8.88 
8.28 
7.77 


8.81 
8.24 
7.75 


6.95 
6.60 
6.27 


6.87 
6.52 
6.20 


6.23 
5.92 
5.64 


58 
26 
97 


High 


165 
195 
225 


11.54 
10.82 
10.20 


11.28 
10.61 
10.05 


9.06 
8.66 
8.31 


8.85 
8.47 
8.13 


8.01 
7.68 
7.38 


37 
03 
72 


Good  Forest 


Low 


Medium 


High 


365 

3.20 

3.31 

2.43 

2.49 

2.23 

1.66 

435 

2.66 

2.77 

2.02 

2.08 

1.83 

1.26 

515 

2.13 

2.25 

1.60 

1.66 

1.44 

0.86 

365 

6.32 

6.36 

5.36 

5.32 

4.87 

4.25 

435 

5.69 

5.75 

4.89 

4.85 

4.44 

3.82 

515 

5.08 

5.15 

4.42 

4.39 

4.01 

3.39 

365 

8.37 

8.34 

7.19 

7.05 

6.45 

5.82 

435 

7.66 

7.66 

6.67 

6.55 

6.01 

5.37 

515 

6.98 

7.00 

6.17 

6.06 

5.56 

4.92 

Table  5. -Rates  of  return  for  cottonwood  sawtimber  plantations  on  medium  sites  by  spacing 
interval,  establishment  cost,  and  stumpage  price  level 


T 


T 


Spacing  interval  (feet) 


T 


Stumpage  I  I 

price    I  Estabm't  I        |        | 24x24 j 28x28     I 

level    I    cost    I  12x12  |  16x18  |  Hvy.  Thin  I  Lt .  Thin  |  Thin   No  ThliTI 


32x32 


Low 


Medium 


High 


$/acre 


165 

0.00 

0.00 

195 

0.00 

0.00 

225 

0.00 

0.00 

165 

0.63 

3.27 

195 

0.20 

2.85 

225 

0.00 

2.49 

165 

3.50 

5.50 

195 

2.95 

5.03 

225 

2.49 

4.61 

0-00 
0.00 
0.00 

3.23 
2.94 
2.67 

5.24 
4.92 
4.62 


percent 


0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

3.40 

2.84 

3.84 

3.12 

2.55 

2.80 

2.86 

2.28 

2.55 

5.38 

4.85 

4.97 

5.07 

4.52 

4.B7 

4.78 

4.22 

4.40 

0.00 
0.00 
0.00 


54 
26 
01 

44 
24 
86 


194 


ichniques  for  Increasing  Returns 

Two  ways  RORs  from  Investments  in  cottonwood 
antations  in  the  Delta  can  be  increased  are  by 
duclng  establishment  costs  and  obtaining  addi- 
onal  income  from  the  land  by  utilizing  revenue 
urces  from  other  than  cottonwood  alone. 

The  high  cost  of  clearing  a  good  forest  site 
luld  be  lowered  by  growing  an  agricultural  crop 
16  first  year  after  the  site  has  been  prepared  for 
anting  but  before  a  plantation  is  established. 
1  the  Delta,  soybeans  could  be  used  for  this  pur- 
se.  The  cost  per  acre  is  about  $100,  and  average 
elds  are  about  25  bushels  per  acre.    Personal 
immunications  with  a  soybean  farmer  and  an  Agri- 
:iltural  Research  Service  economist  indicate  that 
lere  would  be  no  reduction  in  yield  from  the  crop 
.-own  on  new  ground  the  first  year.   At  $6  per 
ishel,  the  income  from  an  acre  of  soybeans  is 
L50.   Net  receipts  would  offset  clearing  cost  by 
)0  per  acre.   At  the  lowest  level  of  investment  on 
)od  forest  sites,  the  establishment  cost  would  be 
iduced  from  $365  to  $315  per  acre.   At  the  medium 
ice  and  for  the  best  spacing  interval  —  16  by  18 
et  —  the  ROR  would  be  increased  from  6.4  to  6.9 
rcent ,  or  by  one-half  of  1  percent.    However, 
sfraying  part  of  the  cost  of  clearing  in  this  way 
jngthens  the  investment  period  by  a  year. 

Two  additional  sources  of  revenue  from  land 
Lanted  to  cottonwood  are  fees  for  hunting  leases 
id  receipts  from  soybeans  interplanted  between 
JDWs  of  trees.  Fees  for  hunting  leases  are  cur- 
antly  around  $5  per  acre  per  year,  and  involve  no 
iditional  costs  to  the  landowner. 

Soybeans  can  be  grown  only  for  the  first  year 
nong  trees  planted  at  spacings  of  12  by  12  and  16 
y  18  feet.  Where  trees  are  spaced  24  by  24  feet 
r  wider,  this  field  crop  can  be  grown  for  the 
Jrst  2  years.  Forty  percent  of  the  area  would  be 
n  soybeans  in  a  plantation  with  12-  by  12-foot 
pacing,  and  70  percent  in  plantations  with  wider 
pacings.  Yields  are  proportionate  to  the  percent- 
Ige  of  the  area  in  the  crop.  If  costs  are  also 
iroportionate  to  the  area,  intercropping  would  add 
(20  per  acre  to  the  income  from  a  plantation  with 
[2-  by  12-foot  spacing  and  $35  per  acre  to  the 
income  from  a  plantation  with  16-  by  18-foot 
pacing.  Where  stands  are  more  widely  spaced,  $35 
jer  acre  would  be  received  each  of  the  first  2 
ears. 

The  effect  of  income  from  each  of  these  addi- 
lonal  sources  of  revenue  and  their  combined  effect 
n  increasing  RORs  is  shown  in  Table  6.  In  gen- 
jral,  soybeans  increased  RORs  more  than  did  hunting 
eases.  Seldom  was  the  increase  from  either  of 
hese  additional  sources  of  revenue  more  than  2 
ercentage  points,  and  sometimes  it  was  less  than  1 
ercent.  The  increase  in  the  RORs  from  the  com- 
Ined  incomes  of  these  additional  income  sources 
■aried  from  1  percentage  point  to  nearly  4  percent- 
fge  points. 


DISCUSSION 

Although  cottonwood  has  a  very  rapid  growth 
rate,  producing  as  much  as  750  board  feet  per  acre 
per  year  on  good  sites,  this  advantage  is  countered 
by  high  establishment  costs.  The  initial  invest- 
ment in  an  average  200-acre  plantation  could  be 
between  $33,000  and  $103,000.  With  so  much  capital 
being  committed  for  a  long  period,  investment  deci- 
sions must  be  made  carefully. 

The  available  options  from  which  an  individual 
landowner  can  choose  depend  on  that  landowner's 
situation,  expectations,  and  judgments.  These 
include  the  site  class  of  the  land,  establishment 
costs,  anticipated  future  market  prices,  and  length 
of  planning  horizon.  A  landowner  with  a  short 
planning  horizon  would  exclude  growing  cottonwood 
as  a  possible  investment  if  the  time  were  too  short 
for  trees  to  reach  sawtimber  size.  The  degree  of 
profitability  the  landowner  considers  sufficient  is 
another  factor  of  choice. 

From  an  economic  perspective,  an  individual's 
decision  whether  to  grow  cottonwood  depends  on 
their  minimum  acceptable  rate  of  return.  The 
investor's  acceptable  rate  is  sometimes  called  the 
guiding  rate  of  interest.  Options  expected  to 
return  less  than  the  guiding  rate  are  rejected. 
Among  those  that  promise  to  exceed  the  guiding 
rate,  the  option  with  the  highest  return  that  can 
be  obtained  is  the  investor's  choice. 

If  a  landowner's  guiding  rate  of  interest  is 
8  percent,  at  medium  prices  it  will  pay  to  grow 
cottonwood  only  on  good  old  field  sites.  At  low 
price  levels,  it  would  not  pay  to  grow  cottonwood 
plantations  on  any  sites.  At  high  prices,  in  addi- 
tion to  good  old  field  sites,  it  would  also  pay  to 
grow  cottonwood  on  good  forest  sites,  provided 
establishment  costs  were  kept  to  a  minimum. 

Even  with  the  addition  of  supplemental  Income, 
it  is  not  possible  to  raise  RORs  above  8  percent  at 
low  price  levels.  At  high  price  levels,  however, 
RORs  above  8  percent  are  realized  on  medium  sites 
when  income  from  both  hunting  leases  and  soybeans 
are  added  and  establishment  costs  are  less  than 
$200.  On  good  forest  sites  and  at  the  high  price 
level,  RORs  above  8  percent  are  obtained  when  rev- 
enues from  either  a  hunting  lease  or  soybeans  are 
added,  except  at  the  highest  establishment  cost. 

On  good  old  field  sites,  additional  income  from 
hunting  lease  fees  or  soybean  returns  are  unneces- 
sary to  raise  RORs  above  8  percent  at  the  medium  or 
high  stumpage  price  level.  These  subsidiary  reve- 
nues can  raise  RORs  to  as  high  as  12  1/2  percent  at 
the  medium  stumpage  price  level,  or  to  15  1/2  per- 
cent at  the  high  level. 


CONCLUSIONS 

This  paper  examined  RORs  for  cottonwood  saw- 
timber  plantations  on  three  site  classes  at  three 
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Table  6. -Rates  of  return  for  cottonwood  sawtimber  plantations  when  additional 
income  from  hunting  lease  fees  or  soybeans  (or  both)  are  included  by 
site  class,  stumpage  price  level,  and  establishment  cost 

Medium 


Stumpage 
price  level 


Estabm't 
cost 


Source  of  additional  income 


None 


Hunting 
lease 


Soybeans 


Hunting 
lease  and 
soybeans 


Low 


Medium 


High 


;?/acre  - 

0.00 

pel 

cent  -  -  -  - 

165 

1.16 

1.39 

3.25 

195 

0.00 

0.86 

1.00 

2.68 

225 

0.00 

0.59 

0.66 

2.20 

165 

3. 40 

4.41 

5.31 

6.92 

195 

3.12 

4.06 

4.80 

6.20 

225 

2.86 

3.75 

4.37 

5.62 

165 

5.38 

6.28 

7.52 

9.23 

195 

5.07 

5.91 

6.43 

8.22 

225 

4.78 

5.57 

6.44 

7.58 

Good  Old  Field 


Low 


Medium 


High 


165 

4.95 

6.33 

6.38 

8.30 

195 

4.50 

5.75 

5.72 

7.35 

225 

4.10 

5.26 

5.16 

6.61 

165 

8.88 

10.19 

10.70 

12.55 

195 

8.28 

9.44 

9.80 

11.32 

225 

7.77 

8.81 

9.08 

10.39 

165 

11.54 

12.87 

13.56 

15.49 

195 

10.82 

11.97 

12.46 

14.00 

225 

10.20 

11.22 

11.59 

12.89 

Good  Forest 


Low 


Medium 


High 


365 
435 
515 

365 
435 

515 

365 
435 
515 


3.31 

4.13 

3.97 

4.91 

2.77 

3.52 

3.33 

4.16 

2.25 

2.93 

2.72 

3.46 

6.36 

7.06 

7.14 

7.96 

5.75 

6.37 

6.39 

7.09 

5.15 

5.71 

5.69 

6.30 

8.37 

9.06 

9.21 

9.98 

7.66 

8.26 

8.37 

9.02 

7.00 

7.51 

7.59 

8.16 

stumpage  price  levels,  several  spacing  intervals, 
and  various  establishment  costs. 

RORs  were  found  to  be  sensitive  to  site  class. 
It  does  not  pay  to  grow  cottonwood  sawtimber  on 
medium  sites  because  of  their  low  productivity. 
Neither  does  it  pay  on  good  forest  sites  because 
of  extremely  high  establishment  costs,  which  can- 
not be  substantially  reduced.  Only  on  good  old 
field  sites  can  RORs  of  8  percent  and  higher  be 
realized  at  the  medium  stumpage  price  level  with- 
out adding  income  for  hunting  leases  and  soybeans. 


At  the  high  stumpage  price  level,  RORs  of  i 
percent  can  also  be  realized  on  good  forest  sites 
But  high  stumpage  prices  seem  unlikely  becaus  '■ 
there  is  no  indication  the  demand  for  cottonwoo  1 
sawtimber .will  rise  substantially.  Because  of  th ; 
current  (1984)  sluggish  market,  there  is  a  greate 
possibility  that  the  price  will  fall,  although  no  [ 
by  as  much  as  50  percent.  If  stumpage  prices  d  ij 
fall  by  this  much,  it  would  not  pay  to  grow  cot  ! 
tonwood  sawtimber,  even  on  good  old  field  sites. 
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In  the  near  future,  thousands  of  acres  of  mar- 
;  lal  soybean  land  in  the  Delta  may  be  retired  as 
;  result  of  a  change  in  the  international  soy- 
Kn  market.  Brazil's  and  Argentina's  share  of 
;|;  market  may  expand  if  consuming  nations  switch 
:<\  these  two  countries  from  the  United  States  as 
siirces  of  supply  because  of  the  strong  dollar. 
s  change  would  not  provide  an  opportunity  for 
ending  the  acreage  in  cottonwood  plantations 
ause  most  of  these  fields  are  on  clay  soils  and 
lie  a  site  index  of  no  more  than  100.  Only  a 
;  inge  in  Delta  agriculture  that  would  free  more 
;i)d  old  fields  for  cottonwood  plantations  or  a 
ridamental  change  in  the  cottonwood  lumber  and 
rieer  markets  that  would  raise  prices  will  bring 
I'jiut  an  expansion  of  cottonwood  acreage. 
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DYNAMICS  AND  DEVELOPMENT 

OF  A  ONCE-CUTOVER ,  UNMANAGED 

LOBLOLLY  PINE  STAND  IN 

SOUTHEASTERN  ARIJ^^NSASi' 


by  James  M.  Guldin 


and  James  B .  Baker— 


2/ 


A.bstract. — Developmental  dynamics  of  an  unmanaged 
loblolly  pine  stand  are  presented.  The  stand  was  cut  to  a 
12-inch  d.b.h.  llm.it  in  1915;  eight  inventories  were  taken 
between  1937  and  1983.  In  1983,  76%  of  the  total 
merchantable  cubic-foot  volume  and  83%  of  the  sawlog 
cubic-foot  volume  was  pine,  but  pines  have  virtually 
disappeared  from  the  sub-sawtimber  class.  Oaks  are  the 
predominant  hardwoods  in  the  sawtimber  class,  and  non-oak 
hardwoods  are  most  common  in  the  sub-sawtimber  class.  In 
the  past  two  decades,  periodic  annual  increment  of  the 
pines  has  dropped  dramatically,  and  hardvjood  PAI  has  not 
concomitantly  increased.  These  dynamics  classically 
illustrate  the  transition  of  southern  upland  forests  from 
pine  to  hardwood  in  the  absence  of  disturbance. 


INTRODUCTION 

When  a  forester  or  non-industrial  private 
landowner  ponders  a  silvicultural  intervention  in 
a  forest  stand,  among  the  first  choices 
considered  is  the  alternative  of  doing  nothing. 
Silviculturists  implicitly  expect  a  prescribed 
treatment  to  enhance  the  growth  and  yield  of  a 
stand.  However,  many  non-industrial  private 
landowners  are  less  likely  to  believe  that 
silvicultural  intervention  is  either  necessary  or 
even  desirable. 

As  such,  improving  the  silvicultural 
understanding  of  the  long-term  results  of  stand 
development  in  the  absence  of  silvicultural 
intervention  is  an  important  goal  of  stand 
development  research.   A  silviculturist  can 
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enhance  his  or  her  decision-making  ability  1 ' 
the  specific  results  of  performing  no  treatmen ; 
are  understood.  Such  knowledge  also  can  assis; 
private  landowners  in  comprehending  the  tru  ■ 
silvicultural  implications  inherent  in  selectin ; 
the  alternative  of  no  treatment  on  their  lands 
This  paper  presents  en  interim  summary  of  th ; 
development  of  a  once-cutover ,  unmanage ! 
pine-hardwood  stand  in  the  Mid-South  Coasta . 
Plain. 


STUDY  AREA 

The  study  area  is  a  pair  of  contiguoi; 
40-acre  tracts  on  the  Crossett  Experiments 
Forest,  located  seven  miles  south  of  Crossett 
Arkansas.  Soils  on  the  study  area  ai 
Providence  and  Bude  silt  loams  (Typic  ar 
Glossaquic  Fragiudalfs,  respectively),  having 
loblolly  pine  site  index  of  85  to  90  feet  t 
fifty  years  (U.S.D.A.,  1979).  The  area  w£ 
harvested  to  a  14-inch  stump  diameter  limi 
(roughly  analogous  to  a  12-inch  d.b.h.  limit)  i 
1915.  In  1935,  the  two  forties  were  set  aside 
a  natural  area;  they  were  selected  as  being  t\ 
most  representative  forties  on  the  Experiments 
Forest.  No  management  practices,  with  t\ 
exception  of  both  fire  protection  and  th 
occasional  salvage  of  timber  killed  by  tf 
southern  pine  beetle,  have  been  undertaken  sine 
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date.   The  compartments  were  inventoried  ii 
1942,  1946.  1952,  1957,  1963,  1973,  and 
All  trees  4.5  inches  d.b.h.  and  larger 
measured  and  tallied  by   1-inch  d.b.h. 
ses. 

The  tally  was  kept  for  three  distinct 
ies  groups.  The  pines  consist  of  loblolly 
(Firms  taeda)  and  shortieaf  pine  (P. 
clr.ata) .  The  oaks  consist  of  both  the  red  oak 
r(p,  including  southern  red  oak  (Quercus 
a.ata) ,  cherrybark  oak  (Q.  falcata  var. 
ajdaefolia)  ,  black  oak  (Q.  velutina) ,  Shumard 
iKQ.  shumard il) ,  and  water  oak  (Q.  nigra),  and 
hi  white  oak  group,  including  white  oak  (0. 
U)  and  post  oak  (Q.  stellata)  .  The  third 
al'gory,  other  hardwoods,  includes  sweetgum 
L:uidambar  styracif lua) ,  black  gum  (Nyssa 
y!atica) ,  hickories  (Carya  spp.),  ashes 
Fiixinus  spp.),  black  cherry  (Prunus  serotina)  , 
3j;ood  (Cornus  f  lorida) ,  and  red  maple  (Acer 
ilium) . 


METHODS 

Inventory  records  were  sumnarized  for  each 
DTlartinent  by  calculating  total  volumes  and 
qessing  the  results  on  a  per-acre  basis. 
1  mes  were  calculated  from  the  diameter 
Lqributions  using  Crossett  Experimental  Forest 
ri  volume  equations  for  loblolly  and  shortieaf 
li  (Farrar  et  al.,  1984),  and  by  deriving 
iwood  volume  equations  from  local  volume 


tables,  as  presented  in  Appendix  I.   An 
approximation  of  the  Doyle  sawlog  volumes  was 
obtained  by  multiplying  the  cubic-foot  sawtiraber 
volumes  by  5.8  for  pines,  and  5.0  for  hardwoods. 


RESULTS 

Pine-hardwood  dynamics 

A  summary  of  the  development  of  the  pine  and 
hardwood  (both  oak  and  other  hardwood)  components 
is  presented  in  Table  1.  During  the  46-year 
period,  pine  has  diminished  considerably  from 
105  seems  per  acre  (72%  of  the  stand)  in  1937  to 
45  stems  per  acre  (36%  of  the  stand)  in  1983. 
However,  pine  volume  has  increased  between  1937 
and  1983,  with  total  merchantable  cubic-foot 
volume  approximately  doubling  and  sawlog 
cubic-foot  volume  roughly  tripling.  Thus,  68 
years  after  cutting,  stand  volumes  in  1983 
continue  to  be  disproportionally  pine,  with  76% 
of  the  total  merchantable  cubic-foot  volume  and 
83%  of  the  total  sawlog  cubic-foot  volume  in 
pine . 

Conversely,  the  number  of  hardwood  stems  has 
doubled,  from  40  stems  per  acre  in  1937  to  80 
stems  per  acre  in  1983.  Hardwood  volume  has 
also  increased,  though  not  at  the  same  rate  as 
the  pine  volume.  Total  merchantable  cubic-foot 
volume  for  all  hardwoods  has  increased  by  62% 
between  1937  and  1983,  and  sawlog  cubic-foot 
volume  has  increased  by  59%. 


TABLE  1.   Number  of  trees  per  acre,  standing  volume  per  acre,  and  periodic  annual 
increment  per  acre  during  the  interval  1937-1983  for  both  the  pine  and  hardwood 
components  of  the  80-acre  Unmanaged  Area  at  the  Crossett  Experimental  Forest. 


NUMBER 

OF  TREES 

STANDING  VOLUME 

PERIODIC 

ANNUAL  INCREMENT 

P 

er  acre 

Total 

per  acre 

Total 

per  acre 

Merch. 

Sawlog, 

Doyle, 

Merch. 

Sawlog, 

Doyle, 

Year 

5"-ll" 

12"+ 

Total 

cu.ft . 

cu.ft. 

bd.ft. 

cu.ft. 

cu.ft. 

bd.ft. 

PINES 

1937 

81.3 

23.9 

105.2 

1473 

820 

4755 

56.2 
39.5 
52.0 
37.2 
53.5 
18.5 
4.6 

37.9 
49.8 
58.6 
45.7 
62.5 
31.0 
17.0 

219.8 
288.6 
340.1 
265.2 
362.3 
179.7 
98.9 

1942 

83.4 

28.0  ■ 

111.4 

1754 

1009 

5854 

1946 

66.5 

32.2 

98.8 

1912 

1208 

7005 

1952 

50.0 

36.5 

86.5 

2224 

1560 

9049 

1957 

40.9 

38. C 

79.6 

2410 

1789 

10375 

1963 

29.5 

42.4 

72.0 

2731 

2164 

12549 

1973 

15.7 

41.9 

57.6 

2916 

2473 

14346 

1983 

6.3 

38.4 

44.7 

2962 

2644 

15335 

PAI, 

1937-1983 

32.4 

39.7 

230.0 

HARDWOODS  (ALL) 

1937 

26.2 

14.3 

40.5 

579 

350 

1750 

31.2 
9.1 

10.0 

-13.5 

3.3 

6.6 

8.6 

5.7 
7.2 
9.9 
-5.1 
5.4 
4  4 

28  9 

1942 

47.5 

16.4 

63.9 

735 

379 

1894 

35.9 
49.5 
-25.8 
26.6 
22.0 

1946 

48,4 

17.4 

65.8 

771 

408 

2038 

1952 
1957 
1963 

48.0 
42.3 
39.1 

19.0 
17.8 
18.3 

67,0 
60.1 
57.4 

831 
764 
783 

467 
441 
473 

2335 
2206 
2365 

1973 
1983 

48.7 
61.4 

18.7 
19.1 

67.4 
80,5 

849 
935 

517 
557 

2585 
2784 

4.0 

20.0 

PAI, 

1937-1983  7.8 

4.5 

22.5 
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The  periodic  annual  increment  (PAI)  of  this 
stand  reached  a  himodal  peak  in  the  intervals 
fron  1946  to  1952  and  again  from  1957  to  1963,  at 
which  time  the  highest  PAI  was  attained.  The 
drop  in  increment  in  the  interval  between  1952 
and  1957  is  explained  by  the  prolonged  drought  of 
1953-1955,  during  which  time  the  pine  volume 
increment  was  roughly  75%  of  the  adjacent 
intervals,  and  the  hardwood  volume  increment  was 
actually  negative  (via  a  reduction  in  the  number 
of  stems  in  the  sawtimber  class,  attributable  to 
drought-related  mortality  in  the  mesic  hardwood 
component) . 

However,  the  drop  in  PAI  for  the  last  two 
decades  is  quite  dramatic.  Total  merchantable 
cubic-foot  volume  per  acre  per  year  for  both 
pines  and  hardwoods  has  declined  from  a  peak  of 
56.8  during  the  interval  1957-1963,  to  25.1 
during  the  interval  1963-1973,  to  13.2  between 
1973  and  1983.  The  drop  in  savjlog  cubic-foot 
volume  per  acre  per  year  has  been  equally 
precipitous,  from  a  peak  of  67.9  during 
1957-1963,  to  35.4  during  1963-1973,  to  21.0 
during  1973-1983. 

Reasons  for  this  can  be  inferred  from  the 
numbers  of  stems  over  time  in  the  sub-sawtimber 
versus  the  sawtimber  component  of  the  pines  and 
hardwoods.  In  the  pines,  ingrowth  into  the 
sawtimber  component  reached  a  peak  in  1963,  and 
has  declined  since.  At  the  same  time,  pines  have 
not  been  replacing  themselves  in  the  understory. 


as  indicated  by  the  reduction  in  the  numbc  nf 
sub-sawtimber  stems  since  1942,  tlc^h 
particularly  in  the  past  two  decades. 

Rather,  it  is  the  hardwoods  which  re 
occupying  the  sub-sawtimber  class  in  incre;  <ig 
proportions.  In  1963,  hardvroods  accounted  jr 
57%  of  the  stems  in  the  5"-H"  class;  lis 
percentage  increased  to  76%  in  1973,  and  9]'<iy 
1983.  With  the  relatively  unchanging  numbt  tof 
hardwood  stems  in  the  sawtimber  component  or 
the  past  three  decades,  the  increases  in  he 
total  number  of  hardwood  stems  per  acre  ir  k 
area  have  been  almost  entirely  found  in  de 
sub-sawtimber  component. 


Hardwood  dynamics 

A  summary  of  the  development  of  the  two  sp«  <les 
groups,  the  oaks  and  the  other  hardwoods,  \  I'ch 
comprise  the  hardwood  component  is  presents  Jin 
Table  2.  During  the  forty-six  year  period,  he 
number  of  oaks  has  increased  slightly,  from  ll 
merchantable  (>  4.6"  dbh)  stems  per  acre  to  J. 7 
stems  per  acre.  When  considering  all  hartilod 
stems,  this  represents  a  slight  decline  fron  7? 
in  1938  to  39%  in  1983.  But  when  considtiJng 
only  sawtimber  stems,  the  percentage  of  oakt  !as 
increased  from  60%  of  all  hardwood  sawtiiler 
trees  in  1938  to  83%  in  1983.  Oaks  live 
retained  a  relatively  constant  number  of  !  flins 
in  the  sub-sawtimber  component. 


TABLE  2.   Number  of  trees  per  acre,  standing  volume  per  acre,  and  periodic  annual 
increment  per  acre  during  the  interval  1937-1983  for  both  the  oak  and  non-oak  hardwood 
component  of  the  80-acre  Unmanaged  Area  at  the  Crossett  Experimental  Forest. 


NUMBER 

OF  TREES 

STANDING  VOLUME 

PERIODIC 

ANNUAL  INCREMENT 

P 

sr  acre 

Total 

per  acre 

Total 

per  acre 

Merch. 

Sawlog, 

Doyle, 

Merch. 

Sawlog, 

Doyle, 

Year 

5"-ll" 

12"+ 

Total 

cu.ft. 

cu.ft. 

bd.ft. 

cu.ft. 

cu.ft. 

bd.ft. 

OAKS 

1937 

14.5 

8.6 

23.1 

354 

216 

1077 

-3.4 

-4.5 

-22.2 

1942 

15.1 

8.2 

23.3 

337 

193 

966 

-1.2 

2.4 

11.9 

1946 

12.6 

8.6 

21.2 

332 

203 

1014 

9.1 

7.7 

38.7 

1952 

12.6 

10.0 

22.6 

386 

249 

1246 

-0.7 

0 .0 

-0.2 

1957 

12.6 

9.9 

22.5 

383 

249 

1245 

3.2 

22.5 

3.7 

5.1 

16.9 

4.0 

25.3 
84.6 
20.0 

1963 

9.7 

10.5 

20.2 

402 

279 

1397 

1973 

16.9 

15.6 

32.5 

627 

449 

2243 

1983 

15.8 

15.9 

31.7 

664 

489 

2442 

PAI, 

1937-1983   6.8 

5.9 

29.7 

NON-OAK 

HARDWOODS 

1937 

11.7 

5.7 

17.4 

225 

134 

672 

34.6 

10.3 

0.9 

-12.8 

10.2 
4.8 
2.2 

-5.1 

51.1 

24.0 

10.8 

-25.6 

1942 

32.4 

8.2 

40.6 

398 

186 

928 

1946 

35.8 

8.8 

44.6 

439 

205 

1D24 

1952 

35.4 

9.0 

44.4 

445 

218 

1088 

1957 

29.7 

7.9 

37.6 

381 

192 

961 

0.1 
-15.9 

0.3 
-12.5 

1.3 

-62.6 

1963 

29.4 

7.8 

37.2 

381 

194 

968 

1973 

31.8 

3.1 

34.9 

222 

68 

342 

4.9 

0.0 

0.0 

1983 

45.6 

3.2 

48.8 

271 

68 

342 

PAI, 

1937-1983   1.0 

-1.4 

-7.2 
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Concomitantly,  oak  volume  per  acre  has 
:ireased  between  1937  and  1983,  with  total 
sbhantable  cubic-foot  volume  Increasing  by 
'iiL.  The  standing  hardwood  volume  in  1983 
:|tinues  to  be  predominantly  oak,  with  71%  of 
ni  total  merchantable  cubic-foot  volume  and  88% 
fthe  sawlog  merchantable  cubic-foot  volume  in 
oak  component. 

The  number  of  merchantable  non-oak  hardwoods 
almost  tripled,  from  17  stems  per  acre  in 
97  to  A9  stems  per  acre  in  1983.   This  increase 
3  occurred  even  as  the  number  of  non-oak  sawlog 
tins  has  decreased,  from  5.7  stems  per  acre  in 
9'7  to  3.2  stems  per  acre  in  1983.   Volumes  of 
h'  non-oak  hardwood  component   reflect   this 
r'ld;  between  1937  and  1983,  total  merchantable 
ulc-foot  volume  increased  17%  but  the  sawlog 
ulc-foot   volume   dropped   49%.    The   most 
riounced  pattern  in  the  non-oak  hardwoods  is 
hj  quadrupling  of  the  number  of  stems  per  acre 
n  the   5"-ll"   dbh   classes.    This   pool   of 
u-sawtimber  growing  stock  has  yet  to  cross  the 
hjashold  of  ingrowth  into  the  sawtimber  class. 

The  periodic  annual  growth  of  the  hardwood 
jonent  (cf.  Table  1)  shows  the  same  bimodal 
atern  as  the  pines,  with  a  plateau  in  growth 
m  1942  to  1963  interrupted  by  the  drought 
erfeen  1952  and  1957.  Both  species  groups  of 
h|  hardwood  component  showed  a  depression  in 
rvth  relative  to  their  pre-drought  rates. 
cjver,  the  oaks  stabilized  at  a  level  where 
itfth  was  only  fractionally  less  than  the  loss 
c^mortality;  the  non-oak  hardwoods  showed  a 
aced  loss  of  increment  attributable  to 
ccality.  In  the  interval  from  1957  to  1973, 
\  oaks  show  a  very  strong  recovery  of  periodic 
raal  increment.  During  the  same  period, 
cjver,  the  PAX  of  non-oak  hardwoods  never 
6Dvers,  and  even  shows  a  marked  loss  in  the 
rjrval  of  1963-1973. 


DISCUSSION 

Developmental  patterns  point  to  the  advanced 
u:essional  status  of  this  pine-hardwood  stand, 
citing  the  stand  in  the  early  transition  phase 
a:er  Bormann  and  Likens,  1979)  or  the 
njrstory  reinitiation  stage  (after  Oliver, 
51)  of  stand  development.  Tlie  pines  are 
vrmature,  growing  slowly,  undergoing 
o:ality,  and  not  replacing  themselves  in  the 
njrstory.  These  dynamics  epitomize  the 
Issic  transition  of  southern  upland  forests 
In  pines  to  hardwoods  in  the  absence  of 
torbance . 

The  developmental  pattern  in  the  hardwood 
Rjonent  of  this  stand  is  one  dominated  by  oaks 
f-he  sawtimber  category.  The  non-oak  hardwood 
3;imber  component  has  demonstrated  a  net  loss 
r Increment  during  the  46  years  of  inventory 
6)rds  of  this  80-acre  compartment.  Nor  does 
'  apparent  domination  of  the  sub-sawtimber 
cjonent  by   non-oak  hardwoods   obscure   the 


rather  constant  number  of  sub-sawtimber  oak 
stems  throughout  the  recorded  inventories  of 
this  stand.  The  oaks  appear  to  be  in  an 
extremely  favorable  competitive  position 
(relative  to  the  non-oak  hardwoods)  in  the 
sawtimber  component;  and  while  it  is  too  early 
to  speculate  on  the  relative  dynamics  of  the  two 
groups  in  the  sub-sawtimber  component;  it  is 
apparent  that  oak  is  not  yet  being  outcompeted 
by  non-oak  hardwoods  in  the  sub-sawtimber 
classes. 

The  total  merchantable  cubic-foot  volume 
mean  annual  increment  of  this  stand,  over  the 
46  years  of  inventory  activity,  is  40.2  cubic 
feet  per  acre  per  year  (of  whicVi  81%  is  pine 
M.A.I.).  Sawtimber  cubic-foot  mean  annual 
increment  is  44.2  cubic  feet  per  acre  per  year, 
V7hich  converts  roughly  to  a  mean  annual  increment 
in  feet  board  measure  (Doyle)  of  252.5  (91%  of 
which  is  pine  M.A.I.)  .  By  way  of  comparison. 
Baker  and  Murphy  (1982)  reported  total 
merchantable  cubic-foot  average  annual 
production  values  of  from  84  to  117,  and  Doyle 
board-foot  average  annual  production  values  of 
260  to  377,  in  managed  stands  on  the  Crossett 
Experimental  Forest.  In  addition,  the 
decreasing  importance  of  the  pine  component,  and 
the  corresponding  rise  in  the  hardwood 
component,  of  this  unmanaged  area  suggest  that 
future  growth  will  be  even  less  than  that 
observed  to  date. 

The  costs  of  choosing  the  alternative  of  no 
silvicultural  treatment  are  largely  economic 
opportunity  costs.  Growth  and  yield  are  at 
lower  levels  than  are  possible  with  the 
judicious  application  of  silvicultural 
treatments;  economic  returns  are  certainly  less 
than  those  which  could  be  gained.  But  equally 
important  is  the  opportunity  cost  in  a 
silvicultural  sense,  represented  by 
developmental  d^^mamics  which  suggest  incipient 
loss  of  the  pine  component  and  vigorous  occupancy 
of  the  site  by  the  hardwood  component.  Should 
the  landowner  decide  in  the  future  to  integrate 
pine  management  with  other  goals  of  ownership, 
the  silvicultural  Interventions  required  will  be 
increasingly  capital-intensive.  The  inability  to 
satisfy  a  landowner's  goals  with  silvicultural 
creativity  rather  than  capital  expenditure 
represents  a  foregone  silvicultural  alternative 
which  foresters  can  increasingly  ill  afford  to 
lose. 
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APPENDIX  1. 

Local   Tree   Volume   Equations   for   Hardwoods, 
Crossett  Experimental  Forest. 

1.  TMCV  =  -2.58607  +  0.20763  (D^)  -  0.00833 

(D^)  +  0.00018  (d"*); 

where  TMCV  =  Total  merchantable  cubic-foot 
volume,  i.b.,  above  a  varying  stump  height 
to  a  3.5-inch  top; 

D  =  tree  d.b.h.  in  inches,  3.5  <  d.b.h.  < 
32.5, 

and  r2  (adj)  =  1.000,  S(yx)  =  0.4037. 

2.  SMCV  =  -142.20493  +  27.77802  (D)  -  1.86965 

(D^)  +  0.05935  (D^)  -  0.00064  (D**) 

where  SMCV  =  Sawlog  merchantable  cubic-foot 
volume,  i.b.,  above  a  varying  stump  height 
to  a  7.5  inch  (or  merchantable)  top; 

D  =  tree  d.b.h.,  in  inches,  9.5  <  d.b.h.  < 
32.5, 

and  r2  (adj)  =  0.997,  S(y.x)  =  1.828. 
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ADAPTATION  OF  THE  FOREST  NUTRIENT  CYCLING  TREND  EVALUATOR 

,1/ 


(FORCYTE)  FOR  LOBLOLLY  PINE  PLANTATIONS 


2/ 


T.  R.  Fox,  J.  P.  Kimmins,  and  H.  L.  Allen^ 


Abstract. — An  ecosystem  modeling  project  has  been 
established  at  North  Carolina  State  University  to  adapt  the 
FORest  nutrient  £ycling  Trend  Eyaluator  (FORCYTE)  to  loblolly 
pine.   The  purpose  of  the  project  is  to  integrate  and  synthe- 
size existing  knowledge  on  loblolly  pine  into  a  simulation 
model  capable  of  describing  the  processes  influencing  site 
productivity.   FORCYTE  permits  forest  managers  to  examine  the 
consequences  of  management  activities  in  relation  to  stand 
and  site  productivity.   The  modeling  effort  also  provides  an 
opportunity  to  identify  gaps  in  existing  knowledge  and, 
through  sensitivity  analysis,  focus  future  research  efforts. 


'«< 


INTRODUCTION 

Forestry  in  the  South  is  progressing  from 
issive  management  of  natural  stands  towards 
itensive  plantation  management.   In  some  areas, 
18  level  of  management  is  approaching  that 
ssociated  with  the  domesticated  forest  (Stone 
)75).   In  these  intensively  managed  plantations 
Jgging  debris  are  often  reduced  by  piling  and/or 
arning  to  facilitate  planting  of  genetically 
nproved  seedlings.   Many  sites  are  disced  to 
2duce  competition  and  improve  soil  physical 
onditions.   Wet  sites  are  routinely  drained  and 
added.  Thinnings  may  be  conducted  to  control 
he  density  of  the  growing  stock,  capture 
ortality  and  concentrate  growth  on  the  desired 
rop  trees.   Fertilizers  may  be  applied  to 
orrect  nutrient  imbalances  and  accelerate 
rowth.  Finally,  higher  utilization  standards 
re  being  employed  during  harvesting  operations. 


Paper  presented  at  the  Southern 
ilvicultural  Research  Conference,  Atlanta, 
.eorgia,  November  7-8,  1984.   This  project  was 
upported  by  the  U.S.  Forest  Service,  Westvaco 
Corporation  and  Weyerhaeuser  Company. 
ii       The  authors  are  respectively:   Research 
issistant.  Department  of  Forestry,  North  Carolina 
State  University,  Raleigh,  NC  27695;  Professor  of 
'orest  Ecology,  Faculty  of  Forestry,  University 
)f  British  Columbia,  Vancouver,  B.C.  V6T1W5;  and 
assistant  Professor,  Department  of  Forestry, 
■Jorth  Carolina  State  University,  Raleigh,  NC 
'.7695. 


The  productivity  of  many  sites  in  the  South 
is  related  to  the  supply  of  nitrogen  and  its  rate 
of  cycling  through  the  ecosystem.   Concern  about 
maintaining  long  term  site  productivity  has 
developed  in  the  South,  in  part,  because  of  the 
impact  intensive  forest  management  practices  can 
have  on  nitrogen  dynamics. 

Much  research  in  the  area  of  nutrient 
cycling  and  site  productivity  has  been  conducted 
in  recent  years  and  has  been  summarized  in 
numerous  symposia  (Tippen  1978,  Leaf  1979, 
Ellwood  and  Ross  1983).   Because  of  the  complex- 
ity of  the  interactions  among  intensive  forest 
management,  nutrient  cycling  and  site  productiv- 
ity, we  believe  a  computer  modeling  approach  is 
required  to  quantitatively  describe  a  functioning 
ecosystem.   The  systematic  development  of  a  model 
will  also  identify  gaps  in  our  knowledge  and  help 
to  focus  future  research  efforts. 


FORCYTE  DESCRIPTION 

In  response  to  the  need  to  integrate  and 
synthesize  information  on  the  impacts  of  forest 
management  on  long  term  site  productivity  in  the 
South,  an  ecosystem  modeling  project  was 
initiated  by  the  North  Carolina  State  Forest 
Fertilization  Cooperative.   The  goal  of  this 
effort  has  been  to  adapt  an  existing  ecosystem 
model  to  loblolly  pine  (Pinus  taeda  L.)  rather 
than  develop  a  totally  new  model. 

The  FORest  nutrient  CYcling  Trend  Evaluator 
(FORCYTE)  was  selected  because  it  possesses 
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several  features  that  make  it  suitable  for 
modeling  loblolly  pine  plantation  ecosystems: 

1)  It  was  developed  for  even  aged,  single 
species  plantations  that  are  clearcut 
prior  to  reaching  maturity. 

2)  The  model  functions  on  a  site  specific 
basis. 


the  model  has  only  been  calibrated  for  nitro;in, 
however,  other  nutrients  can  be  substituted 
the  required  input  data  is  available.   The  ni»| 
does  not  deal  directly  with  climatic  variabil| 
or  more  specifically,  moisture  availability. 
These  factors  are  handled  implicitly  through; 
use  of  site  specific  growth  functions  which 
integrate  the  effect  of  these  factors  on  the^| 
stand. 


3)  Nutrient  availability  determines 
productivity  in  the  model.   A  feedback 
between  available  nutrients  and  plant 
growth  allows  for  both  site  improvement 
and  site  degradation. 

4)  The  model  runs  on  inventory  type  infor- 
mation.  Growth  and  yield  information  is 
the  primary  driving  function. 

5)  FORCYTE  was  developed  as  a  management 
tool  and  is  capable  of  examining  many 
forest  management  practices. 

FORCYTE  is  a  stand  level  growth  model  of 
plant  biomass  production,  accumulation,  and 
nutiient  cycling.   Site  improvement  or  degrada- 
tion is  possible  depending  on  nitrogen  availabil- 
ity.  One  limitation  of  the  model  is  that  it 
assumes  that  nutrient  availability  is  the  major 
factor  limiting  productivity.   Where  nutrient 
availability  does  not  limit  productivity,  the 
model's  predictions  may  be  unreliable.   To  date 


Program  Structure 

FORCYTE-10  consists  of  two  programs  thai| 
sequentially  (fig.  1).   The  first  program, 
FORCETUP,  predicts  biomass  and  nutrient  conttti 
trends  over  time  for  trees,  shrubs  and  herbs s| 
growing  on  a  range  of  site  qualities.   For  titi 
predictions,  an  input  file  of  empirical  data < 
a  range  of  sites  is  needed  which  describes  l]l|j 
accumulation  of  biomass  in  trees,  shrubs  and  ()|| 
herbs  over  time;  2)  maximum  stocking  density; 
function  of  age;  3)  nutrient  concentrations 
the  various  plant  components;  and  4)  the  numl« 
of  age  classes  of  these  components.   The  seccc 
program  FORCYCLE,  uses  the  trends  developed  J: 
FORCETUP,  to  project  stand  development  over  tl 
according  to  a  specific  management  scenario. 
FORCYCLE  requires  input  data  describing  the 
management  scenario,  economic  conditions  of  t! 
run,  energy  costs,  and  biogeochemical  (nutrielJ 
cycling)  characteristics  of  the  site.   The  stsj 
of  the  ecosystem  at  the  start  of  the  run  must  ' 
also  be  specified.  FORCYTE  produces  a  variet  / 


DIU  INPUT 


PROGRAMS 
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Figure  1. — FORCYTE  program  structure. 
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Efutput.  Graphical  representation  of  biomass 
J  nutrient  cycling  trends  over  time  and  tabular 
njirmation  on  decomposition  and  mineralization 
ri output  as  diagnostic  files  so  that  the 
ciracy  of  the  model's  predictions  may  be 
ui'ed.   Four  predictive  tables  summarize  the 
iiass  yield,  nutrient  cycling,  economic 
eformance  and  energy  efficiency  of  the 
iilated  management  scenario.   The  state  of  the 
iilated  ecosystem  at  the  end  of  the  run  is  also 
uaarized. 


j      Model  Structure  and  Function 

j  The  biomass  and  nutrient  compartments, 
;insfer  pathways,  and  regulating  factors  present 
.riFORCYTE  are  illustrated  in  figure  2.   FORCYTE 
iiulates  the  state  of  three  compartments:   plant 
)jmass  and  nutrient  content;  forest  floor 
):mass  and  nutrient  content;  and  available  soil 
urients. 


The  main  driving  function  in  the  model  is  a 
series  of  site  specific  growth  curves  for  stem- 
wood  biomass  accumulation  of  the  Chapman-Richards 
form  (Pienaar  and  Turnbull,  1973)  (fig.  3).   The 
biomass  of  foliage,  branches,  stembark  and  the 
total  root  system  is  obtained  by  applying  age- 
specific  ratios  of  the  component  biomass  to 
stemwood  biomass:  i.e.  foliage  biomass/stemwood 
biomass  or  total  root  biomass/stemwood  biomass 
(fig.  4).   In  applying  these  ratios,  age  is 
replaced  by  the  ratio  of  stemwood  biomass  to 
maximum  stemwood  biomass.   As  this  ratio 
increases  from  a  small  value  toward  1,  stand  age 
increases.   This  surrogate  for  age  was  used  to 
facilitate  the  use  of  data  from  a  variety  of 
sources.   Total  root  biomass  is  allocated  between 
large,  medium,  and  fine  roots  in  the  same  ratio 
as  stemwood  biomass  to  branch  biomass  to  foliage 
biomass. 


'•l 


FORCYTE  MODEL  STRUCTURE 


Figure  2. — Flow  chart  of  biomass  and  nutrient 

compartments,  biomass  and  nutrient  transfers  and 
regulating  factors  in  FORCYTE. 
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Figure  3. — Chapman-Richards  growth  equations   for 
stemwood  biomass  on  good,   medium,   and  poor  sites. 
(Data   from  Hafley   et   al.    1977) 


TREE    COMPONENT     RATIOS 


.2  .4  .6  .8  1.0 

Stemwood  Biomass /Max  Stemwood  Biomass 

Figure  4 . — Tree  component  ratios  for  foliage  and 
roots  in  loblolly  pine.  (Data  from  Switzer  et 
al.  1966,  and  Harris  et  al.  1C77) 


Growth  of  each  component  is  allocated  iro 
three  parts:  replacement  of  ephimeral  littery 
replacement  of  natural  mortality,  and  new  grcs 
needed  to  produce  the  predicted  increase  in  re 
biomass.  Plant  nutrient  content  is  determineii 
using  nutrient  concentration  data  and  predict tl 
biomass  for  each  component.  The  nutrient  uptnj 
requirement  of  vegetation  is  calculated  by  adij 
the  quantity  of  the  nutrient  required  to  prodn 
the  predicted  new  growth  and  the  quantity 
required  to  replace  losses  from  plant  leaching 
and  litterfall,  and  subtracting  from  that  suitl 
amount  obtained  from  redistribution  within  tht 
plant . 

In  order  to  simulate  natural  mortality  cc 
trees,  FORCYTE  requires  data  on  stand  density] 
changes  with  age  for  each  site  (fig.  5). 
Mortality  occurs  whenever  density  in  the 
simulated  stand  exceeds  the  maximum  allowed  f) 
given  age.  In  FORCYTE-10,  mortality  removes  5 
average-sized,  entire  trees  and  transfers  the* 
mortality  related  litterfall.  When  stand  derai 
is  below  the  maximum  allowed  for  a  given  age,> 
occurs  after  a  thinning,  stand  development 
continues  without  mortality  until  stand  densla; 
again  reaches  the  allowed  maximum  (fig. 5). 

Litterfall  production  in  FORCYTE  is 
illustrated  in  figure  6.   The  model  keeps  trai 
of  each  year's  cohort  of  an  individual  plant t 
component .  When  a  cohart  of  the  component 
reaches  the  age  specified  for  litterfall,  it  tl 
transferred  to  the  forest  floor  as  litter. 
Foliage  is  transferred  directly  to  the  forest 
floor.   Live  branches  are  converted  to  dead 
branches  which  remain  on  the  tree  for  a  fixed 
period  before  being  transferred  as  litter. 
"Litterfall"  from  the  fine  root  component  is 
calculated  by  multiplying  the  ratio  of  f oliaj 2 
litterfall  to  total  foliage  biomass  by  the  f i  i 
root  biomass.   The  current  year's  stemwood 
increment  is  treated  as  sapwood  until  it  is 
converted  to  heartwood  after  a  specified  peri  3. 
Stemwood  litterfall  occurs  only  with  tree 
mortality. 

When  each  cohort  of  litterfall  reaches  1 1 
forest  floor  it  undergoes  changes  in  weight  t  i 
nutrient  concentration  as  it  decomposes.   The 
decomposition  rate  defines  the  shape  of  the 
weight  loss  vs  time  curve  (fig.  7).   The  shap2)f 
the  curve  defining  nutrient  concentration  cha]i8 
during  decomposition  (linear,  exponential, 
asymptotic)  varies  with  the  type  of  decomposii 
litter  (fig.  8).  The  number  of  years  require! 
decompose  from  fresh  litter  to  humus  is  also 
dependent  on  the  type  of  material. 

The  combination  of  weight  loss  and  nutrlK 
concentration  change  for  each  component  of  tb; 
forest  floor  determines  the  amount  and  rate  c£ 
nutrient  release  to  the  soil  nutrient  pool  (fl' 
9).  In  the  example  illustrated,  a  period  of  X- 
immobilization  of  available  nitrogen  out  of  til 
soil  nutrient  pool  is  followed  by  a  period  of  pt 
mineralization  and  release  of  nitrogen  into  n| 
available  nutrient  pool. 
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Figure  5. — Stand  density  development  for  a  loblolly  pine  plantation  on  a  medium  site. 

(Data  from  Hafley  et  al.  1982) 
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Figure  6. — Litterfail  calculation  in  FORCYTE. 
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Figure  7. — Weight  loss  in  decomposing  forest  floor  components.  (Data 
from  Jorgensen  et  al.  1980,  and  Barber  and  vanLear  1984) 


NITROGEN   RELEASE 


1.4 


1.2 


^10 


-  .4  _ 


NITROGEN  CNANGES  AFTER  LITTERFALL 


stemwood 


Figure  8. — Changes  in  nitrogen  concentration  during 
decomposition  of  loblolly  pine  foliage  and 
stemwood.   (Data  from  Jorgensen  et  al.  1980,  and 
Barber  and  vanLear  1984) 
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Figure  9. — Calculation  of  nitrogen  release 
during  decomposition  in  FORCYTE. 
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A  unique  feature  of  FORCYTE  is  how  nitrogen 
ailability  influences  plant  growth  and  site 
ality  (fig.  10).   Plant  nitrogen  demand  is 
clculated  from  predicted  biomass  increment  and 
rtrient  concentration  data.   The  balance  between 
rtrogen  immobilization  and  mineralization,  to- 
other with  inputs  from  soil  seepage,  precipita- 
ton,  fertilization  and  nitrogen  fixation  deter- 
Dties  the  size  of  the  soil  nutrient  pool.   The 
rtrogen  supply  available  for  plant  growth  is  the 
s:a  of  the  soil  nitrogen  pool  and  nitrogen 
ctained  by  internal  redistribution.   When  the 
callable  nitrogen  supply  is  less  than  the 
rtrient  demand  required  for  plant  growth,  plant 
^owth  is  reduced  in  proportion  to  the 
cificiency.   If  a  deficiency  continues  for  more 
tan  3  consecutive  years,  FORCYTE  reduces  site 
cality.   Conversely,  when  the  nitrogen  supply  is 
geater  than  the  nutrient  demand  required  for 
|owth,  plant  growth  is  increased  in  proportion 
t  the  excess.   When  the  excess  exists  for  more 
tan  3  consecutive  years,  FORCYTE  increases  site 
cality.   Changes  in  site  quality,  either  up  or 
cwn,  alter  a  large  number  of  parameters  in  the 
Ddel  including  biomass  accumulation,  nutrient 
cncentrations  and  decomposition  parameters. 


Preliminary  Results  With  Loblolly  Pine. 

A  calibration  data  set  for  loblolly  pine  has 
been  constructed  from  the  information  available 
in  the  literature.   Preliminary  results  indicate 
that  the  model  performs  realistically.   Stemwood 
volume  predictions  generated  by  the  FORCETUP 
program  are  presented  for  two  sites  in  figure 
11a.   These  values  mimic  the  input  data  (Hafley 
et  al.  1982)  indicating  that  FORCYTE  accurately 
predicts  growth  and  yield  in  the  absence  of 
management  manipulations.   More  interesting  are 
the  foliage  biomass  results  presented  in  figure 
llbj'  Foliage  biomass  increases  more  rapidly  and 
to  a  greater  value  on  a  better  site  followed  by  a 
gradual  decline  in  foliage  biomass  after  a 
maximum  value  has  been  reached.   This  is  the  same 
pattern  that  has  been  shown  to  occur  in  loblolly 
pine  (Switzer  et  al .  1968). 

In  order  to  test  the  model's  predictions 
following  management  inputs,  a  series  of 
fertilization  and  thinning  scenarios  were 
evaluated.   A  medium  site  (site  index  20m;  base 
age  25)  planted  with  1643  trees  per  hectare  was 
thinned  at  age  20  removing  33%  of  the  stems. 
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Figure  10. — Flow  chart  of  feedback  mechanism  relating  nutrient  availability  to 
biomass  production  and  site  quality. 
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II 


Amendments  of  0  to  200  k.g/ha  of  nitrogen  were 
added  in  50  kg/ha  increments.  The  volume  response 
due  to  fertilization  predicted  by  FORCYTE  is 
presented  in  table  1.   At  5  years, .volume 
response  ranged  from  4.8  to  11.6  m  /ha.   This  is 
at  the  lower  end  of  the  range  of  response  that 
could  be  expected  on  a  medium  site. 


FUTURE  EFFORTS 

FORCYTE  has  not  yet  been  completely 
calibrated  or  tested  for  loblolly  pine.   Future 
efforts  will  center  on  improving  the  calibration 
data  set  and  performing  sensitivity  analyses. 
This  will  allow  us  to  focus  future  research 
efforts  on  important  gaps  in  our  knowledge.   Two 
of  the  more  important  areas  where  research  is 
needed  included  the  development  of  site  specific 
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Figure  II. — Preliminary  results  from  FORCYTE  indicating 
stemwood  (a)  and  foliage  (b)  accumulation  on  a  good 
and  a  poor  site. 


Table  1.   Predicted  Response  to  thinning  & 
fertilization  with  FORCYTE 


Nitrogen  added 


Volume  respoasa 


(kg/ ha) 

200 

150 

100 

50 

0 


(m-^/ha) 


11.6 

10.9 

7.8 

4.8 


litter  decomposition  parameters  and  informal* 
concerning  root  production,  turnover  and 
decomposition.  Although  it  is  practically 
impossible  to  validate  an  entire  ecosystem  i 
such  as  FORCYTE,  independent  data  sets  exisd 
will  allow  validation  of  small  segments  of  I ' 
model.  This  will  build  confidence  in  the 
predictions  made  with  FORCYTE. 
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POTENTIAL  FOR  SECOND  THINNINGS  IN  SOUTHERN 
PINE  PLANTATIONS^' 


W.  Dale  Greene 
Bobby  L.  Lanford^/ 


Abstract  —  In  a  recent  survey,  most  forest  products 
firms  in  the  South  indicated  plans  to  thin  their  pine 
plantations  two  or  more  times  during  a  rotation.   Substantial 
thinning  research  has  been  conducted  in  recent  years,  but 
almost  all  of  this  has  examined  first  thinnings.   Additional 
research  is  necessary  to  improve  methods  for  second  and  later 
thinnings. 


INTRODUCTION 

In  recent  years,  much  debate  in  forestry 
circles  has  centered  on  thinning  of  southern  pine 
plantations.   Opinions  about  thinning  differ  from 
region  to  region  and  company  to  company  as  well 
as  within  regions  and  companies.   To  date  much  of 
this  debate,  as  well  as  substantial  corporate, 
government,  and  university  research,  has  been 
directed  at  the  first  thinning  of  plantations. 
First  thinnings  have  dominated  thinning  research 
because  they  represent  a  current  and  often 
pressing  problem  for  many  landowners  in  the 
South.   However,  many  industrial  landowners  in 
the  South  have  planned  rotations  of  30  to  40 
years  in  order  to  produce  solid  wood  product 
material  at  final  harvest.   To  get  maximum  value 
growth,  these  plantations  will  require  more  than 
one  thinning  during  the  rotation.   In  fact,  many 
plantations  which  have  been  thinned  once  are  now 
approaching  the  age  for  a  second  thinning. 

First  thinnings  pose  a  challenging  problem 
to  a  logger  because  small  trees  are  expensive  to 
harvest  but  have  little  market  value,  there  is 
little  room  to  maneuver  equipment,  and  residual 
stand  damage  must  be  minimized.   Efficient 
logging  machinery  and  work  methods  as  well  as 
good  business  management  are  required  to  make  a 
profit.   At  first  glance,  second  thinnings  would 
seem  to  offer  more  opportunity  for  the  logger 
since  tree  sizes  are  larger  and  access  into  the 


i-i  Paper  presented  at  Southern  Silvicultural 
Research  Conference,  Atlanta,  Georgia,  November 
7-8,  1984. 
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Forestry,  Alabama  Agricultural  Experiment 
Station,  Auburn  University,  Alabama,  36849. 
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stand  was  created  in  the  first  thinning.   On  i 
other  hand,  fewer  trees  are  removed  and  the 
importance  of  protecting  the  residual  stand  iii 
greater  since  each  tree  represents  a  larger 
investment.   While  it  is  possible  for  small 
sawlogs  to  be  produced  from  trees  removed  in 
second  thinning,  this  raises  additional 
merchandising  questions.   Clearly  second 
thinnings  represent  a  unique  problem,  which  h.l 
yet  to  be  studied  in  any  detail.  m^ 

The  objectives  of  this  research  were  — 

1)  to  determine  the  importance  of  second  thine 
as  a  management  practice  for  forest  products 
firms  in  the  South,  and 

2)  to  identify  current  methods  and  systems  uso 
for  second  thinnings  and  needs  for  future 
research. 


METHODS  m 

During  the  summer  of  1984,  27  forest 
products  firms  operating  from  Texas  to  Virgin 
were  contacted  and  questioned  about  their 
thinning  practices.   These  firms  represented 
largest  landowners  and  timber-using  firms  in 
region.   Twenty-one  of  these  firms  were  ranke 
among  the  top  500  U.S.  corporations  (Anon.  , 
1984)-   The  other  six  firms  were  substantial 
firms  in  their  area  but  were  not  among  the  to 
500.   Some  of  the  largest  firms  contained 
distinct  regional  operations,  which  were 
contacted  separately  in  order  to  accurately 
determine  the  amount  of  land  under  different 
management  regimes.   Thirty  middle-  and 
upper-level  managers,  representing  the  27  fir 
were  contacted  during  the  study.   Each  of  the 
contacts  was  treated  as  a  sample  observation. 
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■    Each  contact  was  questioned  about  the 
jneral  plantation  management  regime  and  thinning 
teatments  planned  for  their  plantations, 
(neral  questions  were  also  included  in  the 
lestionnaire  to  characterize  the  respondees. 
]ve  firms  which  were  currently  thinning  his 
jantations  for  the  second  time  were  visited  to 
tain  detailed  information  on  factors  affecting 
cond  thinning. 


RESULTS 

Loblolly  pine  was  the  principal  species 
own  by  87  percent  of  the  contacts  while  slash 
.ne  was  the  principal  species  of  the  remainder, 
iiitial  planting  density  of  plantations  ranged 
om  500  to  over  1000  trees  per  acre  with  the 
I'erage  between  700  and  800  trees  per  acre. 
)rty-five  percent  of  the  firms  used  rotation 
i;es  of  31-35  years  while  36  percent  used 
)tation  ages  of  26-30  years.   Fourteen  percent 
jported  rotations  of  36-40  years  with  only  five 
;rcent  reporting  rotations  of  less  than  25 
;ars.   Most  firms  (87  percent)  anticipated 
jeler  logs  or  sawlogs  as  end  products  of  their 
Lantations  while  the  remainder  (13  percent)  were 
cpecting  pulpwood  only. 

Twenty  percent  of  those  contacted  indicated 
plans  to  thin  their  plantations  during  the 
ptation  (Table  1).   Most  of  these  firms  were 
bn- integrated  paper  producers  with  little  market 
a   their  area  for  solid  wood  products.   Other 
Reasons  given  for  not  thinning  included  increased 
isk  of  ice  damage  in  thinned  stands,  higher 
ncidence  of  disease  and  insects,  and  concerns 
bout  reduced  pulp  yields  with  juvenile  wood.   Of 
his  group,  about  half  were  located  in  coastal 
jlash  pine  areas  and  the  other  half  were  found  in 
(he  higher  elevations  of  the  range  of  loblolly 
ine. 

The  overwhelming  majority  of  those  contacted 
id  plan  to  thin  their  plantations.   Larger  firms 
ade  thinning  decisions  on  a  stand  by  stand  basis 
hile  smaller  firms  tended  to  use  blanket  rules 
hich  were  applied  throughout  their  holdings. 
iTiese  different  approaches  seem  practical  given 


the  varied  level  of  resources  available  to  the 
decisions.   The  80  percent  majority  planning  to 
thin  was  comprised  of  17  percent  planning  a 
single  thinning,  30  percent   planning  up  to  two 
thinnings,  and  33  percent  planning  up  to  three 
thinnings.   These  findings  indicate  the  need  for 
a  closer  look  at  possible  problems  associated 
with  later  thinnings. 


First  thinnings 

Most  firms  (75  percent)  planned  to  thin  for 
the  first  time  between  the  ages  of  13  and  17 
(Table  2).   Four  percent  planned  first  thinnings 
for  age  8  to  12  while  22  percent  planned  ''or  aee 
18  to  22.  All  firms  used  site  quality  meas^ras 
to  determine  thinning  age  for        .  st  ids. 

Stand  density  before  and  after  first 
thinning  varied  greatly.   Most  firms  reported 
original  stands  of  400  to  600  trees  per  acre, 
which  were  reduced  to  200  to  300  trees  per  acre 
after  first  thinning.   Thirty  percent  of  those 
contacted  reported  original  stand  density  of  over 
600  trees  per  acre  and  residual  stand  density  of 
over  300  trees  per  acre.   This  group  roughly 
corresponded  to  the  group  planning  three 
thinnings.   Eighty  percent  of  those  questioned 
reduced  basal  area  to  70  to  80  square  feet  —  a 
common  rule  of  thumb  in  pine  management. 

Most  firms  (78  percent)  reported  six  to 
eight  cords  of  wood  removed  in  first  thinnings 
while  another  12  percent  removed  10  or  more 
cords.   Pulpwood  was  the  only  product  reported 
for  first  thinnings  with  65  percent  removed  as 
shortwood  and  35  percent  as  longwood. 

Felling  methods  in  first  thinning  were  about 
equally  split  between  chainsaw  and  f eller-buncher 
methods.   About  half  the  thinnings  used  Bobtail 
trucks" to  move  wood  from  the  stump.   Skidding 
accounted  for  35  percent  of  the  thinned  wood  with 
forwarding  (or  prehauling)  moving  17  percent  of 
the  thinned  wood.   Most  firms  reported  using 
manual  delimbing  and  bucking  methods  while  35 
percent  using  some  type  of  mechanical  method  to 
delimb  and  buck  trees.   The  most  popular 


Table  1.   Maximum  number  of  thinnings  considered  by  responding  firms. 


Thinning 
Treatment 


Currently 
Practiced 


1-5  years 
in  future 


5-10  years 
in  future 


-^-^■^Percent  of  those  contacted- 


None 

20 

First  thin 

70 

Second  thin 

40 

Third  thin 

17 

7 

17 
7 
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3 
7 

10 


Total 
Responding 


20 
80 
64 
34 


Table  2.   Typical  first  and  second  thinning 
treatments  reported  by  surveyed  firms. 


Stand  Variable 


First  Thin 


Second  Thin 


Trees/Acre 
before  thinning 

Trees/Acre 
after  thinnings 

Cords  removed 

Method  of 
thinning 

Product 
obtained 

Products  form 


13-17 
400-600 

200-300 

6-8 
row/selective 

pulpwood 

shortwood 


23-27 
200-400 

100-200 

10-12 
selective 


pulpwood, 
small  logs 

longwood 


mechanical  method  was  a  delimbing  gate.   Almost 
all  (96  percent)  of  first  thinnings  were 
performed  on  a  row/selective  basis.   Only  one 
firm  stated  that  purely  selective  thinning  could 
be  performed  in  a  first  thinning.   For  most 
firms,  the  need  to  create  access  corridors  for 
equipment  mandated   that  a  row/ selective  method 
be  used  for  first  thinning. 


Second  thinnings 

Most  plantations  (78  percent)  were  thinned 
for  the  second  time  at  age  23  to  27.  Another  22 
percent  of  those  contacted  planned  second 
thinnings  for  age  18  to  22. 

Original  stand  density  in  second  thinnings 
was  200  to  400  trees  per  acre  with  a  residual 
stand  of  100  to  200  trees  per  acre.   Basal  area 
was  seldom  used  in  second  thinning  decisions. 

Volume  removed  was  higher  for  second 
thinnings  with  almost  two-thirds  of  those 
questioned  reporting  10-12  cords  removed.   A 
solid  majority  (78  percent)  anticipated  both 
pulpwood  and  small  logs  or  peelers  to  be  removed 
in  the  second  thinning. 

Longwood  accounted  for  89  percent  of  wood 
removed  in  second  thinnings,  reflecting  the 
higher  proportion  of  solid  wood  product  material. 
Feller/bunchers  performed  88  percent  of  the 
felling.   Once  access  had  been  created  in  the 
first  thinning,  most  firms  felt  that  mechanical 
felling  was  preferred  in  the  second  thinning. 
Skidding  moved  95  percent  of  second  thinning  wood 
to  roadside  with  the  remainder  forwarded.  Almost 


two-thirds  of  the  delimbing/bucking  duties  wei  i 
performed  manually.  Several  firms  commented  ci 
the  poor  quality  of  gate-del  imbed  wood  for  stv  I 
mills.  Almost  all  second  thinning  was  perf oo  : 
on  a  selective  basis  since  access  was  created 
the  first  thinning  for  most  stands. 


Thinning  systems 

For  first  thinning,  six  different  genera] 
thinning  systems  were  reported  by  the  companie 
contacted  (Table  3).   The  most  often  reported 
system  was  the  venerable  Bobtail  system.   Whil 
this  system  appears  to  be  a  permanent  fixture  : 
pulpwood  logging  in  the  South,  its  importance  , 
beginning  to  diminish.   Most  firms  were  hopinjn 
see  more  mechanized  contractors  replace  their  t| 
Bobtail  contractors  in  the  future.   Presently 
percent  of  first  thinning  was  reported  to  be 
performed  by  Bobtail  systems.   A  system  using i 
small  feller/buncher,  grapple  skidder,  and  gatl 
delimber  was  performing  another  34  percent  of '(i 
first  thinning  work  with  four  other  systems 
accounting  for  the  remaining  24  percent. 


Table  3.   Systems  reported  for  first  thinning!., 


Type  of 

Percent  oi 

System 

DescriptionL/ 

Total 

Shortwood 

Saw-Saw- Bobtail 

i 

Saw-Saw-Forwarder 

si 

F/B- Saw-Forwarder 

4 

F/B- Process-Forwarder 

4 

Longwood 

Saw-Skidder-Saw 

0 

F/B-Skidder-Saw 

8 

F/B-Gate-Skidder 

34 

4^ Felling-De limbing/ Bucking-Woods  Transport 
components. 


Almost  all  systems  for  second  thinning 
produced  longwood  (Table  4).   Systems  using  a 
feller/buncher,  grapple  skidder,  and  delimbini 
gate  were  reported  by  42  percent  of  those 
contacted.   Similar  systems  using  chainsaw 
delimbing  instead  of  a  delimbing  gate  were 
reported  by  32  percent  of  the  firms  while  cab 
skidder  systems  were  reported  by  21  percent. 
Such  systems  are  versatile  and  can  often  be  u  ( 
effectively  for  small  clearcuts  when  second 
thinning  opportunities  are  not  available.  As  1 
number  of  stands  requiring  a  second  thinning 
increases,  some  firms  may  develop  specialized 
second  thinning  systems. 
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le  of 
tem 


le  4.      Systems  reported  for   second 
binnings. 


rtwood 


I  igvood 


Description 


ly 


Percent  of 
Total 


Saw-Saw-Bobtail  0 

Saw-Saw-Forwarder  0 

F/B-Saw-Forwarder  5 

F/B-Process-Forwarder  0 

Saw-Skidder-Saw  21 

F/B-Skidder-Saw  32 

F/B-Gate-Skidder  42 


CONCLUSIONS 

While  first  thinnings  have  been  intensively 
researched,  second  and  later  thinnings  have  been 
ignored.   Research  needs  in  second  thinnings 
include  examination  of  spatial  constraints  with 
larger  machines,  merchandising  rules  for  thinned 
wood,  and  appropriate  logging  systems.   The 
effects  of  the  type  of  first  thinning  conducted 
(row  or  row/selective)  and  tree  size  also  need 
examination.   If  second  thinnings  are  to  be  a 
common  practice  in  pine  management,  they  need  to 
be  studied  and  improved. 
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INTERMEDIATE  THINNINGS  IN  A  MISSOURI  SHORTLEAF  PINE  STAND: 
A  30-YEAR  HISTORY- 


Robert  Rogers- 
Ivan  L  Sander 
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Abstract. — Thirty  years  ago  an  experiment  was  begun  in 
a  30-year-old  natural  stand  of  shortleaf  pine  (Pinus 
echinata  Mill.)  to  investigate  the  effect  density  and 
hardwood  control  had  on  pine  growth.  Thirty  1/2-acre  plots 
were  thinned  to  leave  six  levels  of  basal  area  ranging  from 
50  to  138  square  feet  and  to  remove  hardwoods.  Plots  were 
thinned  every  10  years  to  the  same  density  level.  Results 
after  30  years  show  that  stands  repeatedly  thinned  to  a 
constant  basal  area  eventually  become  understocked  and 
subsequently  lose  volume.  Hardwoods  reduce  pine  yield  by 
eight  to  twelve  percent. 


INTRODUCTION 

Of  all  the  silvicultural  activities  available 
to  the  forester,  thinning  stands  undoubtedly  has 
the  greatest  impact  on  the  production  of 
sawtimber.  Even  at  the  turn  of  the  century,  early 
foresters  intuitively  recognized  that  growth  and 
subsequent  yield  of  forest  stands  were  closely 
related  to  stand  density.  Perhaps  they  saw  a 
likeness  between  growing  forests  and  growing 
agricultural  crops.  But  regardless  of  the  reason, 
these  early  foresters  began  to  study  the  effect 
stand  density  had  on  individual  tree  and  stand 
growth. 

Today,  we  still  study  stand  density  in 
relation  to  growth.  Why  has  our  progress  been  so 
slow?  The  answer  is  true  now  as  it  was  80  years 
ago.  Trees  simply  mature  slowly.  The  fact  that 
the  time  from  seed  to  harvest  spans  a  half  a 
century  or  more  requires  a  commitment  to  long  term 
research  that  few  organizations  or  individuals  are 
willing  or  able  to  undertake.  Add  to  this,  the 
many  commercially  valuable  species  and  species 
associations  that  need  to  be  studied  and  the 
reason  for  our  slowness  becomes  painfully  clear. 
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A  technique  that  has  been  used  to  coJeas 
time  involves  substituting  space  for  time.  Ire, 
individual  tree  and  stand  attributes  are  meie.  red 
at  a  given  point  in  time  in  stands  of  dif:!ent 
ages  growing  on  similar  sites.  Responses  .[lOSS 
time  are  obtained  by  linking  observations  toi;|het 
from  different  aged  stands.  This  techniqjj  is  i 
useful,  providing  prior  stand  treatment  doe!jnot  | 
influence  stand  responses  to  current  treatmeHil.  \ 

Alternatively,  one  can  follow  the  same  and 
and  its  development  through  time.  Studi ;  of 
stands  that  span  decades  are  especially  va  .j.ble 
because  often  they  provide  insights  int)jthe 
dynamics  of  stand  growth  and  development  thaijare 
simply  not  attainable  in  any  other  way.      | 

The  study  we  report  here  documents  the  rijilts 
of  thinning  shortleaf  pine  stands  in  Missour  .I'ver 
a  30-year  period.  The  objectives  of  the  judy 
were  to  determine  how  stand  growth  is  affect  ij  by 
changing  stand  density,  by  using  different  m  ijiods 
of  thinning,  and  by  reducing  or  eliraiijing 
hardwood  competition. 


DESCRIPTION  OF  THE  STUDY  AREA 

The   natural  range  of  shortleaf  pine  ei 
northward   into  Missouri  for  about  100  miles 
fact,   it   is  Missouri's  only   native   pine, 
present   range   of  pine  in  Missouri   extends 
approximately  seven  million  acres,   and  is  1) 
for   the   most  part  in  the  rougher   south   c  '. 
section  of  the  Ozark  Mountains.   Here  it  exi 
pure   stands   or   in  admixture  with   hardwoo 1 
principally  the  oaks. 
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Practically  all  the  old  growth  pines  had  been 
shortly   after  the  turn  of   the   century,   so 

■ent  stands  are  mainly  second  growth.  These 
stands  have  grown  and  developed  chiefly  as   a 

sequence  of  fire  control  programs  that  were 
n:ituted  in  the  state  during  the  early  I930's. 


The  area  selected  for  study  is  on  the  Sinkin 
?rimental  Forest  which  is  maintained  by  the 
oth  Central  Forest  Experiment  Station,  USDA 
o:?st  Service.  The  Experimental  Forest  is 
cited  about  120  miles  south  of  St.  Louis  in  Dent 
cTty.    Within   this  area  thirty  1/2-acre   plots 

±  picked  for  study.  They  were  located  on  the 
and  sides  of  two  main  ridges  found  in  the 
ledwaters  of  the  Red  Hill  Branch  of  Sinking 
;iek.  The  elevation  at  these  plots  varies  from 
20  to  1350  feet  above  sea  level.  The  soil  is 
;hn,  contains  chert  and  rocks,  and  is  classified 
If  a  Clarksville  stony  loam  soil.  Annual 
xcipitation  averages  about  44  inches,  but 
htribution  is  highly  variable  especially  during 
A:  growing  season.  Although  about  half  the 
>i!cipitation  falls  during  the  growing  season, 
■ilnless  periods  during  late  summer  lasting  up  to 
Sii  weeks  are  common.  Mean  annual  temperature  is 
i|c  (29°C  in  July,  1 2°C  in  January). 

EARLY  HISTORY 

At  the  time  the  study  was  started  in  1950, 
shortleaf  pine  stand  was  30  years-old.  It  was 
e^abllshed  naturally  soon  after  an  oak-pine  stand 
*!|  harvested  during  the  years  between  1918  and 
1|0.  For  the  next  thirteen  years  wildfires 
pliodically  swept  over  the  area.  But  since  1933, 
M^n  the  area  became  part  of  the  Clark  National 
F-est  (currently  the  Mark  Twain  National  Forest), 
n' burning  has  occurred. 

Information  about  initial  establishment  rates 
Bi  composition  were  lacking.  However,  we  do  know 
tit  in  1934  when  the  stand  was  fourteen  years  old 
"ot  of  the  overstory  hardwood  trees  were  cut  or 
g'dled.  At  the  same  time  the  pine  was  thinned, 
tfe  number  of  trees  were  reduced  almost  in  half 
fhn  1100  trees  per  acre  to  approximately  600 
ties  per  acre.  Unfortunately,  no  comprehensive 
r:ords  were  kept  so  nothing  is  known  about  how 
it:h  basal  area  was  kept  or  what  the  diameter 
distribution   of  the  residual  stand  looked  like  in 

r -... ..-. ... ,. 

'[30,  Stands  averaged  570  trees  per  acre,  6.6 
l.hes  dbh,  130  square  feet  of  basal  area,  and 
''ire  close  to  being  100  percent  stocked  according 
•'the  stocking  chart  developed  by  Rogers  (1983). 
'erage  height  of  the  codominant  and  dominant 
lees  was   about  50  feet  at  age  30  which   gave   a 


site  index  (index  age  =  50  years)  of  70.  The 
actual  site  index  turned  out  to  be  slightly 
lower--65  feet.  Few  trees  in  the  study  were 
either  less  than  0.6  inches  nor  more  than  12 
inches  dbh. 

Most  of  the  hardwood  trees  that  were  present 
were  in  the  understory  and  probably  were  the 
result  of  sprouts  that  arose  from  the 
precoirtmercial  thinning  conducted  about  15  years 
earlier.  Hardwoods  less  than  0.6  inches  dbh 
averaged  about  2800  stems  per  acre.  However,  900 
trees  per  acre  were  greater  than  0.6  inches  but 
only  had  an  average  basal  area  of  14  square  feet 
per  acre.  Sassafras,  flowering  dogwood,  white  and 
black  oaks  were  the  predominate  species  in  the 
stand.  Other  less  abundant  species  included 
hickory,  blackgum,  and  post,  scarlet,  northern  red 
and  blackjack  oaks. 

Four  density  levels  were  created  by 
thinning — 50,  70,  90,  and  110  square  feet  of  basal 
area  per  acre.  In  addition,  an  unthinned 
treatment  was  left  as  a  check.  Stocking  percents 
(Rogers  1983)  were  35,  50,  65,  77,  and  105 
percent,  respectively. 

In  order  to  evaluate  the  effect  hardwood 
competition  had  on  the  growth  of  pine,  understory 
hardwoods  were  left  on  some  plots  thinned  to  70 
square  feet  of  basal  area  and  all  hardwoods  were 
left  on  some  unthinned  plots.  Hardwoods  were 
controlled  with  herbicides  on  all  other  plots. 

The  method  used  to  select  trees  for  thinning 
can  best  be  described  as  a  free  thinning  in  which 
trees  from  all  crown  classes  are  free  to  be 
removed.  During  thinning  the  objective  was  to 
leave  the  best  possible  trees  spaced  as  uniformly 
as  possible  over  the  area. 

Since  the  experiment  started  thirty  years  ago 
the  experimental  plots  have  been  thinned  three 
times  at  ten  year  intervals.  The  first  two 
thinnings  reduced  basal  area  to  the  same  level 
fixed  by  initial  treatments.  However,  basal  area 
was  allowed  to  increase  on  some  of  the  plots  at 
the  third  thinning. 

RESULTS 

Compared  to  other  density  levels,  net  annual 
periodic  cubic  foot  volume  growth  was  greatest  at 
70  square  feet  following  the  first  thinning. 
Maximum  growth  occurred  at  the  110  level  following 
the  second  and  third  thinnings  (Table  1). 
Although  growth  following  the  first  thinning 
peaked  at  a  density  of  70  square  feet,  growth  at 
all  levels  was  not  significantly  different 
(p  <  0.05)  from  each  other.  However,  growth  varied 


217 


Table  l.--Net  annual  periodic  cubic  foot  volume  growth  per  acre 
of  shortleaf  pine  stands  thinned  to  various  density 
levels . 


THINNING 

DENSITY 

LEVEL 

PERIOD 

BASAL  AREA 

(square 

feet) 

10   years 

50     : 

70     : 

90 

110 

UNTHINNED 

1ST 

67 

83 

77 

68 

68 

2ND 

86 

125 

152 

170 

165 

3RD 

215 

190 

410 

490 

-211 

Table  2. — Net  periodic  cubic  foot  yield  of  shortleaf  pine  thinned 
to  various  density  levels 


AGE 


DENSITY  LEVEL 


BASAL  AREA  (square  feet) 
50    :    70    :    90    :   110    :   UNTHINNED 


30 

2238 

2278 

2351 

2129 

2354 

40 

2907 

3105 

3120 

2861 

3038 

51 

3853 

4480 

4786 

4738 

4909 

60 

3700 

4575 

5100 

5675 

5100 

significantly  following  subsequent  thinnings  and 
increased  with  increasing  stand  density  up  to  110 
square  feet  and  then  declined.  Similar  trends 
were  observed  with  basal  area  and  board  foot 
volume  growth. 

The  cubic  foot  yield  at  the  time  of  the  first 
thinning  was  the  result  of  natural  stand 
development  to  age  30  except  for  the  thinning  that 
was  made  at  age  15  (Table  2).  Although  yield  at 
age  40  is  highest  at  the  70  density  level  no  clear 
trend  develops  until  the  older  ages.  Yield 
increases  with  increasing  stand  density  and  is 
highest  in  the  unthinned  stands  at  age  51. 
However,  there  is  no  significant  (p  <  0.05) 
difference  between  the  yield  of  unthinned  stands 
and  that  of  stands  thinned  to  basal  areas  of  90 
and  110  square  feet.  Yield  peaks  at  a  stand 
density  of  110  square  feet  in  stands  at  age  60  and 
then  declines.  Board  foot  volume  yields  followed 
similar  trends  over  this  thirty  year  period. 

Periodic  annual  net  basal  area  growth  of 
shortleaf  pine  following  the  first  thinning  was 
better  on  plots  where  hardwoods  were  controlled 
than  on  plots  where  they  were  not  controlled. 
Although   the   differences  in  net  growth  were   not 


large  (0.6  and  0.5  square  feet  per  acre  per  '/ear 
for  the  70  and  unthinned  stand  density  1  J^ils, 
repectively),  they  were  significant.  Net  jisal 
area  growth  since  the  second  thinning  appeacjlto, 
be  the  same  regardless  of  density  level. 

The  study  also  showed  that  the  presence  j:  »f 
hardwood  component  in  a  shortleaf  pine  stanc  JS » 
negative  affect  on  both  annual  merchantable  (..iume 
growth  and  yield.  However,  the  depress::  of 
growth  was  not  observed  until  after  the  (:onil 
thinning.  Overall,  the  presence  of  hai  cjods 
reduced  overstory  pine  growth  and  yield  by  (  3  12 
percent . 


DISCUSSION 

The  decreases  in  growth  and  yield  cui 
observed  in  stands  thinned  heavily  at  the 
of  the  study  illustrates  what  happens  when 
are  repeatedly  thinned  to  the  same  residua! 
area  level.  In  the  development  of  e' 
stands,  basal  area  normally  increases  until 
is  reached  when  mortality  and  growth  are 
equal.  If  basal  area  is  not  allowed  to  in 
an  understocked  stand  is  eventually  c 
Although  it  is  too  early  to  come  to  any  d. 
conclusions,   growth   and  yield  of  plots  ap 
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le'^reater  in  plots  where  residual  basal  area  was 
nreased   following   the   third    thinning.     In 

.e?ral,  the  trends  observed  in  this  study 
Plicate  that  understocking  occurs  after  one 
hhning  in  stands  repeatedly  thinned  to  50  square 
ejt   of   basal   area  and  after  two   thinnings   in 

it|ids  thinned  to  70  square  feet. 

During  this  30  year  period  of  stand 
leelopment,  ingrowth  was  an  important  factor 
retributing  to  growth  and  yield,  especially  at 
:h  beginning  of  the  study.  Initially,  plots  at 
il  density  levels  had  many  trees  smaller  than  the 
;heshold  diameters  used  to  determine  cubic  foot 
ir  board  foot  volumes.  Therefore,  the  potential 
iciition  to  volume  by  ingrowth  was  high.  But 
ifer  the  second  thinning,  few  trees  smaller  than 
;h  threshold  diameter  were  left  except  those  in 
jrhinned  plots.  For  this  reason,  volume  gains 
Me  great  in  unthinned  plots  prior  to  the  last 
:fnning.  Now,  few  ingrowth  trees  remain  in  the 
iihinned  plots  so  dramatic  increases  in  volume 
It  to  ingrowth  are  not  likely.  In  fact,  current 
M  growth  and  yield  are  depressed  in  the 
jihinned  stands  because  of  the  severe  competition 
jclurring  within  the  stand. 


range  of  shortleaf  pine.    However,  they  should  be 
carefully  checked  before  being  applied. 
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The  failure  to  observe  a  difference  in  growth 
r^iponse  of  overstory  pines  between  plots  where 
1.  dwoods  were  controlled  and  where  they  were  not 
:itrolled  after  the  second  thinning  can  be 
1  ributed  to  the  development  of  a  pine  understory 
L  plots  where  hardwoods  were  controlled  and  where 
r;idual  stand  density  was  kept  at  70  square  feet 
3,  basal  area.  The  pine  understory  appears  to 
ti.'e  the  same  affect  on  overstory  pine  growth  in 
pfts  where  hardwoods  were  controlled  as  in  plots 
Wire  the  hardwood  understory  was  not  controlled 
(;nslty  held  constant  at  70  square  feet).  In 
li^rhinned  plots  competition  is  so  severe  it  makes 
l;tle  difference  to  overstory  pine  growth  whether 
sjiardwood  understory  exists  or  not. 

CONCLUSIONS 

Thinning  shortleaf  pine  stands  is  a 
bieficial  silvicultural  practice  that  results  in 
i:reased  product'  yields  and  shorter  rotations, 
linnings  should  begin  at  age  10  to  15  and 
otinue  regularly  at  10  to  15  year  intervals. 
Psldual  basal  area  should  be  allowed  to  Increase 
t  each  thinning  to  effectively  use  all  available 
towing  space.  Basal  areas  corresponding  to  60 
[rcent  stocking  (Rogers  1983)  can  be  used  to 
de  thinning. 


The   results  reported  here  apply  specifically 

l|  similar   natural   shortleaf   pine   stands    in 

Issouri   but  may  be  indicative  of  responses   that 

n  be  expected  to  occur  in  stands  throughout  the 
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RESPONSE  OF   SUGARBERRY  TO  RELEASE  TREATMENTS^' 

J.    S.    Meadows,    J.    D.    Hodges, 

E.    C.    Burkhardt,    and  R.    L.    Johnson^' 


Abstract. — The  five-year  response  of  65-year-old 
sugarberry  (Celtls  laevigata  Willd.)  trees  both  to  complete 
release  and  to  two  types  of  partial  release  treatments  was 
evaluated.  Complete  release  produced  a  very  large  increase 
in  diameter  growth  rate  for  trees  of  all  crown  classes,  but 
the  largest  increase  was  observed  among  previously  overtopped 
trees.  Partial  release  resulted  in  increased  diameter  growth 
rates  that  ranged  from  63  to  83  percent  of  those  obtained 
through  complete  release.  Height  growth  and  crown  diameter 
growth  were  not  affected  by  release,  although  bole  taper  was 
slightly   increased. 


INTRODUCTION 

Sugarberry  is  increasingly  becoming  a  major 
component  of  hardwood  stands  in  the  major 
bottomlands  of  the  South.  Nearly  pure  stands  of 
sugarberry  are  relatively  common,  particularly 
on  the  moist  sites  of  the  batture  lands  between 
the  rivers  and  the  levees.  Most  of  these  stands 
are  the  result  of  past  "high-grading"  practices 
coupled  with  a  lack  of  forest  management. 
Because  sugarberry  is  a  shade-tolerant  species, 
it  will  persist  for  many  years  in  the  lower  and 
mid-canopies  beneath  larger  trees  of  other,  more 
intolerant  species  (Putnam  et  al .  1960).  When 
the  upper  canopy  is  removed  in  some  type  of 
partial  cutting,  the  residual  sugarberry  trees 
develop   into   a  nearly   pure   stand. 

Sugarberry  is  commonly  considered  to  be  a 
slow-growing  species.  Average  diameter  growth 
rates  of  dominant  and  codominant  trees  on  good 
sites  have  been  reported  to  range  from  1.3  to 
3.3     inches     per    decade     (Briscoe     1955,     Powells 
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1965,  Putnam  et  al.  1960).  A  maximum  ; 
rate  of  4  inches  per  decade  on  good  site 
found  by  Bull  (1945).  However,  recenti 
collected  from  CFI  plots  indicate 
individual  sugarberry  trees  are  capabi 
growing  at  rates  of .nearly  6  inches  per  > 
in  some  situations.— 


Stumpage  values  of  sugarberry 
increased  in  recent  years,  as  market 
sugarberry  as  a  furniture  wood  have 
available,  making  management  more  econom 
attractive.  However,  little  is  known  abo 
proper  silvicultural  techniques  to  us 
management   of   these   pure  sugarberry   s 

For  this  reason,  a  study  was  begun  i 
by  Mississippi  State  University,  in  coope 
with  the  U.  S.  Forest  Service  and  Anderson- 
Company  to  determine  the  response  of  indr 
sugarberry  trees  to  various  release  treat 
The  study  was  designed  to  obtain  infon 
about  an  individual  tree's  ability  to  resp 
different  types  of  release,  but  not  to  te 
effectiveness  of  various  silvicu 
techniques. 


METHODS  AND  PROCEDURES 
Description  of  Study  Area 

The  study  area  is  located  in  Iss 
County,  Mississippi,  in  the  Mississippi 
floodplain,   on  land  owned  by  Anderson 
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mpany.  The  area  is  in  the  batture  lands 
;tween  the  Mississippi  River  and  the  levee  and 
5  subject  to  flooding.  Such  areas  are  normally 
)od   sugarberry   sites. 

The  stand  selected  for  the  study  had 
jceived  no  cutting  since  the  mid-1950' s  and  was 
rimarily  composed  of  sugarberry.  It  had 
Dparently  originated  beneath  an  old-growth 
tand       of       mixed       hardwoods.  Past       cutting 

cactices  had  produced  a  wide  variety  of  tree 
ize  classes  in  the  current  65-year-old 
jgarberry  stand.  Most  of  the  trees  in  the 
tand  exhibited  poor  bole  form.  Forked  and 
rooked  sugarberry  trees  apparently  developed 
ader  a  dense  overs tory,  whereas  those  trees 
ith  long  or  potentially  long  merchantable 
engths  probably  developed  in  "free-to-grow" 
onditions. 

Two  methods  were  used  to  determine  the 
esponse  of  individual  sugarberry  trees  to 
elease.  In  the  first  method,  response  to 
omplete  release  was  evaluated.  In  the  second 
ethod,  the  response  to  various  partial  release 
reatments  was  determined. 

Paired-Tree  Study 


The  first  study  method  was  designed  to 
etermine  the  response  of  individual  sugarberry 
rees  to  complete  release.  A  paired-tree 
echnique  was  used,    such   that   one   tree  of   a   pair 

ilas  completely  released  and  another  tree  of 
imilar      size      and      crown      class      served      as     a 

lontrol.  A  total  of  88  trees  were  used  -  12 
•ominants,    12  codominants,    32   intermediates,    and 

J,  2  overtopped   trees. 

Complete  release  was  achieved  by  cutting 
kll  except  study  trees  in  four  small  areas, 
;anging   in  size    from  h  acre   to  4   acres.      A  fifth 

jjj;learing  was  about  8-10  acres  in  size.  Control 
:rees  were  located  in  the  adjacent  uncut  stand, 
[o  insure  that  each  tree  was  indeed  completely 
released,       trees       selected       for      release      were 

,jJ.ocated  at  least  200  feet  from  each  other  and 
^rom       the      edge       of       the      uncut       stand.         All 

[,  3on-sample  trees  in  the  clearings  were  felled  in 
If  he  winter  of    1978-79. 

Diameter  at  breast  height,  total  height, 
Ijliameter-outside-bark  (dob)  at  17.3  feet,  and 
crown  diameter  were  measured  on  all  paired  trees 
at  the  time  of  study  installation.  Previous 
five-  and  ten-year  diameter  growth  rates  were 
measured  from  increment  borings  of  each  tree. 
Taper  was  calculated  to  be  the  reduction  in  dob 
along  the  bole  between  4.5  feet  and  17.3  feet. 
Some  trees  were  forked  or  had  branches  at  17.3 
feet.  In  these  cases,  upper-stem  diameter  was 
measured  at  the  most  appropriate  point  nearest 
to  17.3  feet.  To  standardize  the  data,  bole 
taper  was  calculated  according  to  the  following 
formula,  and  expressed  in  terras  of  an  8-foot 
bole  section: 


Taper 


DBH  -   DOB 


A  - 


X   8 


where:  DOB     =   upper-stem  dob 

A  =   height  on  bole   where  upper-stem 
dob  was  measured 

B  =   height     on    bole     where    dbh    was 
measured 

Stand  basal  area  before  treatment  was  taken  with 
a  10-factor  prism  from  a  point  6  feet  south  of 
each  tree.  Fifth-year  remeasureraents  of  all 
these   traits  were  made   in  January   1984. 

Treatment   Plots 

The  second  study  method  was  designed  to 
determine  the  effects  of  various  partial  release 
treatments  on  the  growth  of  individual 
sugarberry        trees.  Three        treatments       were 

evaluated : 

1.  Release  from  Above  -  all  dominant  and 
codominant  trees  were  cut,  leaving  all 
intermediate  and  overtopf>ed    trees; 

2.  Release  from  Below  -  all  intermediate  and 
overtopped  trees  were  cut,  leaving  all 
dominant  and   codominant    trees;    and 

3.  Control   -  uncut    plots. 

Treatments  were  applied  to  rectangular 
plots  measuring  4x8  chains  (3.2  acres)  each. 
Sampling  of  trees  to  determine  growth  response 
was  performed  on  four  1/10-acre  circular 
subplots  systematically  established  on  each 
plot.  Treatments  were  replicated  three  times 
and     were     applied     in     the     winter     of     1978-79. 

Measurements  made  at  the  time  of  study 
installation  were  the  same  as  those  performed  in 
the  paired-tree  study,  except  that  stand  basal 
area  was  determined  directly  from  sub-plot  data. 
Fifth-year  remeasureraents  were  made  in  January 
1984. 


RESULTS  AND  DISCUSSION 

Paired-Tree  Study 

Initial  Conditions 

A  wide  variety  of  size  classes  existed  in 
the  stand  prior  to  treatment  (Table  1).  There 
was  a  fairly  sharp  distinction  between  the  upper 
crown  class  trees  and  the  lower  crown  class 
trees  in  all  characteristics  measured,  but 
particularly  in  total  height  and  crown  diameter. 
Most  of  the  dominants  were  large  trees  with 
deep,  spreading  crowns.  Codominants  were  also 
large  trees,  but  typically  had  narrower  crowns 
with     less     dense     foliage     than     the     dominants. 
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in- 

-ft- 

-ft- 

1.8 

78 

33 

1.7 

72 

27 

1.1 

56 

16 

0.6 

41 

15 

Table  1. — Mean  pre-treatment  characteristics,  by 
crown  class,  of  sugarberry  trees  selected  for 
the  paired-tree  release  study. 


Previous 

lO-yr 
Crown  Diameter  Total  Crown 

Class  DBH  Growth        Height        Diameter 


Dominant  15.5 

Codominant  12.1 

Intermediate  6.4 

Overtopped  4.7 


Greater  variation  in  both  size  and  crown 
condition  was  found  within  the  lower  crown 
classes.  As  a  group,  the  intermediate  trees  had 
larger  diameters  and  were  taller  than  overtopped 
trees,  but  most  were  characterized  by  short, 
narrow  crowns.  The  majority  of  the  overtopped 
trees  had  a  flat-topped  crown,  sparse  foliage, 
very  poor  bole  form,  and  were  leaning.  However, 
a  few  of  the  overtopped  trees  had  good  bole  form 
and  dense    foliage. 

The  average  10-year  diameter  growth  rates 
of  dominants  and  codominants,  1.7-1.8 

inches/decade,  were  fairly  typical  for 
sugarberry  grown  in  unmanaged  stands.  However, 
these  rates  were  on  the  lower  end  of  the  range 
of  1.3-3.3  inches/decade  mentioned  above.  The 
overtopped  trees  had  a  very  slow  average 
diameter  growth  rate  of  0.6  inches/decade  (Table 
1). 

Comparison  of  control  and  released  trees 
revealed  no  significant  differences  between 
treatments,  regardless  of  crown  class,  in  any  of 
the  characteristics  measured  prior  to  treatment 
(Table  2).  Mean  stand  basal  area  was  relatively 
high  and,  when  averaged  across  both  treatments, 
was    114   ft^/acre. 

Five-year  ResfxDnse   to  Complete  Release 

Of  the  88  trees  originally  included  in  the 
study,  34,  or  39  percent,  were  eliminated  for 
various  reasons.  Wind  storms  in  February  1979 
and  April  1980  destroyed  9  of  44  control  trees 
(20  percent)  and  18  of  44  released  trees  (41 
percent) .  Logging  operations  also  destroyed  6 
released*  trees  (14  percent).  Only  one  tree,  an 
overtopped  control,  died  of  natural  mortality 
during  the  study  period.  Total  mortality  was  10 
control  trees  (23  percent)  and  24  released  trees 
(55   percent) . 


Fifth-year  remeasurements  are  suramariz 
Table  3.  Complete  release  produced  a  n 
three-fold  increase  in  diameter  growth 
compared  to  the  controls  -  1.4  inches  versu 
inches,  averaged  over  all  crown  cla 
However,  no  significant  differences  be 
treatments  were  found  in  height  growth  or 
diameter  growth.  Trees  of  both  treat 
averaged  less  than  2  feet  of  height  growth 
years.  Crown  diameter  growth  for  trees  of 
treatments  was  also  negligible.  However, 
that  were  completely  released  did  show  a  s 
increase  in  crown  diameter,  whereas  co 
trees  exhibited  a  slight  reduction  in 
diameter,  probably  due  to  crown  die 
associated  with  their  unreleased  condi 
Complete  release  also  resulted  in  a  signif 
increase  in  bole  taper.  However,  the  inc 
in  taper  of  only  0.11  inches/8  feet 
relatively  unimportant  in  comparison  wit? 
large  increase  in  diameter  growth  product 
complete  release. 
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An  interesting  way  of  comparing  She 
diameter  growth  rates  produced  by  these  f;wo 
treatments  is  to  use  a  diameter  growth  r  tlo: 
the  diameter  growth  for  the  5-year  period  ter 
treatment  divided  by  the  diameter  growth  f o  |:he 
5-year  period  immediately  before  treati|it. 
This  ratio  is  a  measure  of  the  increas^  in 
diameter  growth  rate  relative  to  the  growth! 
existing  prior  to  treatment.  The  dia 
growth  ratio  of  2.98  exhibited  by  the  compl 
released  trees  (Table  3)  indicated  that  com 
release  produced  a  nearly  three-fold  increa 
diameter  growth  rate,  when  averaged  ovei 
crown  classes.  On  the  other  hand,  control 
were  not  quite  able  to  maintain  their  pre< 
growth  rates,  as  indicated  by  their  av ■ 
diameter     growth     ratio     of     0.89.        Basal 
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growth  ratio  was  calculated  in  the  same  miier 
as  diameter  growth  ratio  -  individual-tree  :! 
area  growth  5  years  after  treatment  as  com:; 
to  5-year  indiviJual-tree  basal  area  giirth 
before  treatment.  The  basal  area  growth  rilos 
in  Table  3  more  strongly  illustrate 
significant  growth  response  exhibited  by 
completely  released    trees. 
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These  growth  ratios  were  also  analyz 
crown  class  within  treatment  (Table  4) . 
growth  ratios  exhibited  by  the  control 
were   indicative   of   the   course   of   na 
development   of   the  stand.   Dominant   co 
trees,  with  a  mean  diameter  growth  ratj 
1.10,  slightly  improved  their  growth  rates 
codominant  control  trees,  with  a  mean  dia 
growth  ratio  of  0.96  and  a  mean  basal 
growth  ratio  of  1.05,  barely  maintained 
previous   growth   rates.    Lower   crown 
control  trees  were  thus  squeezed  out  even 
as   reflected   by   growth   ratios   for 
intermediate  and  overtopped  control  tree 
less  than  1.0. 

The  effect  of  complete  release  on  dia 
growth  rates,  as  illustrated  in  the  dia 
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ti!<jble  2. — ^Mean   pre-treatment    characteristics,    by   treatment,    of    sugarberry    trees    selected    for    the  pairea- 
tree  release   study. 


eatment 


DBH 


Previous 

10-yr  Diameter 

Growth 


Total 
Height 


Crown 
Diameter 


Bole 
Taper 


Stand 
Basal 
Area 


ntrol 
lease 


.Aai/ 


9.8a 


-m- 
1.2a 
1.3a 


-ft- 
60a 
60a 


-ft- 
2la 
23a 


-in/3   ft-  -ft^/acre- 

1.11a  I16a 

1.18a  112a 


Treatment    means     not     followed     by     the     same     letter    are    significantly    different    at    the    0.05    level    of 
probability. 


ble  3. — Five-year   response   of   sugarberry   trees   subjected    to   either  complete  or  no   release   in   the   paired- 
tree  release   study. 


eatment 


Diameter 
Growth 


Height 
Growth 


Crown 

Diameter 

Growth 


Increase 
In  Taper 


Diameter 
Growth 
Ratio 


Basal 
Area 
Growth 
Ratio 


asil- 


ilease 


pntrol 




1.41al/ 


0.54   b 


-ft- 
1.2a 
1.7a 


-ft- 

1.2a 

-1.7a 


-in/8   ft- 
0.11  b 
0.02a 


2.98a 
0.89   b 


3.47a 
0.96   b 


1/ 


j  able  4. — Five-year  growth  ratios,    by  crown 
class  within  treatment,    of    sugarberry   trees 
the  paired-tree   release   study. 


Treatment    means    not     followed    by    the    same 
probability. 


letter    are    significantly    different    at    the    0.05    level    of 


in 


rown 
lass 


Diameter 
Growth  Ratio 


Basal  Area 
Growth  Ratio 


Control  Release  Control  Release 


ominant  1.10 

Jodominant  0 .  96 

ntemediate  0.80 

)ver  topped  0.87 


1.61 

1.17 

1,79 

2.04 

1.05 

2.30 

2.79 

0.86 

3.21 

5.50 

0.91 

6.63 

growth  ratios  of  Table  4,  was  significant.   The 

iiameter  growth  ratio  of  1.61  exhibited  by  domi- 

^lant  released  trees  was  significantly  greater 


than  the  ratio  of  1.10  exhibited  by  the  dominant 
control  trees.  Stated  another  way,  there  was  a 
10  percent  increase  in  the  diameter  growth  rate 
of  dominant  control  trees,  whereas  complete 
release  produced  a  61  percent  increase. 

The  explanation  for  this  fairly  large 
response  to  complete  release  by  dominant  trees 
is  probably  related  to  the  shade-tolerance  of 
sugarberry.  Consequently,  sugarberry  trees  are 
not  good  natural  pruners  (Fowells  1965).  Lower 
limbs  tend  to  be  retained  for  a  long  time. 
Foliage  on  these  lower  limbs,  even  on  dominant 
trees,  probably  receives  just  enough  sunlight  to 
remain  alive,  but  not  enough  sunlight  to  enable 
it  to  effectively  contribute  to  the  growth  of 
the  tree.  When  the  adjacent  trees  are  removed, 
as  in  complete  release,  the  amount  of  sunlight 
received  by  the  upper  crown  is  not  increased. 
However,  the  amount  of  sunlight  received  by 
those  previously  unproductive  lower  limbs  is 
greatly  increased.  As  a  result  of  complete 
release,  then,  the  lower  crown  begins  to  become 
effective  in  contributing  to  the  diameter  growth 
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of  the  tree.  In  this  way,  even  the  dominants 
were  able  to  show  a  significant  response  to 
complete  release.  The  increased  amounts  of  soil 
moisture  and  nutrients  made  available  to 
completely  released  trees  may  have  also 
contributed  to  their  significant  growth 
response. 

This  line  of  reasoning  can  be  extended  to 
trees  of  the  other  crown  classes.  The  magnitude 
of  the  diameter  growth  ratio  of  released  trees 
in  this  study  was  a  reflection  primarily  of  the 
amount  of  the  tree's  foliage  that  was  converted 
from  a  level  of  low  productivity  to  a  level  of 
high  productivity  by  the  increased  sunlight 
afforded  by   complete   release. 

The  most  dramatic  response  to  complete 
release  was  observed  in  previously  overtopped 
trees,  which  showed  a  mean  diameter  growth  ratio 
of  5.50  (Table  4).  Overtopped  trees  were 
representative  of  the  extreme  situation,  in 
which  nearly  all  of  the  tree's  foliage  was 
operating  at  a  level  of  low  productivity  before 
release,  and  all  of  it  was  converted  to  a  level 
of  high  productivity  by  complete  release. 
Marquis  (1981)  reported  similar  results,  in  that 
67-year-old  overtopped  American  beech  (Fag us 
grandifolia  Ehrh.)  saplings  and  poles  increased 
their  diameter  growth  rates  four-fold  five  years 
after  nearly  complete  release,  produced  by 
clearcutting  all  merchantable  timber  from  a  site 
in   the   Allegheny   National   Forest. 

Treatment   Plots 
Initial  Conditions 

Prior  to  treatment,  the  stand  in  which  the 
release  treatment  plots  were  located  had  a  mean 
stand  basal  area  of  129  ft  /acre  for  trees 
greater  than  2.0  inches  dbh,  with  276  trees  per 
acre  and  a  mean  stand  diameter  of  9.2  inches. 
Sugarberry  comprised  58  percent  of  the  total 
stand  basal  area  (75  ft  /acre)  and  53  percent  of 
the  total  number  of  trees  (146  trees  per  acre) . 
Mean  diameter  of  the  sugarberry  component  was 
9.7  inches.  The  remainder  of  the  stand  was 
composed  of  scattered,  large  green  ash  (Fraxinus 
pennsylvanica  Marsh.)  and  sweet  pecan  (Carya 
illinoensis  (Wangenh.)  K.  Koch),  some  pole-sized 
boxelder  (Acer  negundo  L.),  and  numerous  small 
elms    (Ulraus   spp.). 

Uncut  control  plots  averaged  270  total 
trees  per  acre,  131  ft  of  basal  area  per  acre, 
and  had  a  mean  stand  diameter  of  9.4  inches 
(Table  5) .  Release  from  above  resulted  in  a 
slight  decrease  in  the  number  of  trees  to  204 
per  acre,  but  a  75  ft  reduction  in  stand  basal 
area.  Cutting  the  larger  trees  on  these  plots 
reduced  mean  stand  diameter  to  7.1  inches. 
Release  from  below  had  the  opposite  effect. 
There  was  a  very  large  reduction  in  the  number 
of  trees  to  only  55  per  acre  and  a  45  percent 
decrease     in     stand     basal    area     to     72    ft    /acre. 


Table   5. — Residual   stand   characteristics   in 
diately  after  partial   release   treatments 
imposed  on   treatment   plots. 


Treatment 


Trees 


Stand 
Basal 
Area 


Me. 
St|l 
Dial 


-no/acre- 
270 


Control 

Release  -  above    204 

Release  -   below     55 


-f t  /acre- 
131 

56 
72 


Cutting   the   smaller   trees   on   these 
increased  mean  stand  diameter  to  15.5  ini 


:er 


Lze 
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:oin 
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There  were  large  initial  differences 
residual  trees  of  the  three  treatments  in 
and  previous  diameter  growth  rates  (Tabl: 
Trees  remaining  immediately  after  release 
below  were  larger  and  had  faster  diameter  g : 
rates  than  control  trees.  On  the  other  liid, 
trees  remaining  immediately  after  release  rom 
above  were  smaller  and  had  slower  diai!ter 
growth  rates  than  control  trees. 

Five-year  Response  to  Various  Release  Treatiats 

Because  of  these  significant  difference  in 
initial  size  and  growth  rates  among  res  lual 
trees,  analysis  of  covariance  was  performs,  on 
the  five-year  results  to  adjust  for  tese 
differences,  and  to  allow  direct  comparis I  of 
the  effects  of  these  partial  release  treallats 


Table  6. — Mean  characteristics  of  residual 
sugarberry  trees  immediately  after  parti, 
release  treatments  were  imposed  on  treatii 
plots. 


Treatment 


DBH 


Previous 

1 0-yr . 

Diameter  Total    Ci 

Growth    Height  Die 


-in- 

-in- 

-ft- 

. 

Release- 

I4.5J-/ 

below 

1.8a 

80a 

Control 

9.9  b 

1.4  b 

64  b 

Release- 

above 

7.1  c 

0.9  c 

52  c 

a 
Iter 


1/ 


Treatment  means  not  followed  by  the 
letter  are  significantly  different  at  the 
level   of   probability. 
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lame 
.05 


n       growth        response.  Fifth-year       adjusted 

reattnent  means  reflect  the  response  that  would 
ave  been  observed  if  all  the  trees  were 
riginally  the   same   size. 

Five-year  response  to  these  release 
reatments  is  summarized  in  Table  7.  Both  types 
f  partial  release  (release  from  above  and 
elease  from  below)  produced  diameter  growth 
ignificantly  greater  than  the  control,  bat  did 
ot  differ  from  each  other  in  their  effect, 
oth  height  growth  and  crown  diameter  growth 
ere  slow  and  no  significant  differences  among 
reatments  were  found  in  either  parameter, 
owever,  trees  released  from  below  did  show  a 
ignificantly  larger  increase  in  bole  taper  than 
id  trees  in  the  control  plots.  Trees  released 
rom  above  showed  no  such  adverse  effect  on 
aper. 


Growth        ratios        calculated         for        these 

reatments    indicated    that    both    types   of   partial 

elease    produced    significant    increases    in    both 

liameter    growth    rate    and    individual-tree    basal 

rea     growth      rate      (Table      7).         Dominant      and 

odominant     trees     released     from    below    showed    a 

lean     diameter      growth      rate      about      1.5      times 

■ ';reater     than     that      exhibited     before     release, 

■■■tihereas       intermediate       and       overtopped       trees 

released      from     above     showed      a     mean     diameter 

jrowth    rate    about    2.7    times    greater    than    that 

''Observed       for       the       five-year       period       before 

release.        Expressed      on      a      percentage      basis, 

'''release      from     above      produced      a      169     percent 

"'Increase    in    the    diameter   growth    rates   of    lower 

"^•■rown      class      trees,      and      release      from     below 

Resulted     in    a    48    percent    increase    in    diameter 
rowth  rates   of  upper  crown  class   trees. 


Cable  7. — Five-year     response    of    sugarberry    trees    subjected     to    partial    release    on    the    treatment    plots. 


These  results  compared  favorably  with  those 
obtained  by  other  workers.  Johnson  (1950)  found 
that  heavy  partial  release  produced  a  26  percent 
increase  in  the  10-year  diameter  growth  rates  of 
mixed  bottomland  hardwood  trees  (principally  oak 
(Quercus  spp.)  and  sweetgum  (Liquidambar 
styraciflua  L,))  after  an  improvement  cut  in 
Mississippi.  Beck  (1981)  reported  that,  five 
years  after  lower  crown  class  trees  were 
partially  released  by  a  diameter-limit  cut  on  an 
upland  site  in  North  Carolina,  diameter  growth 
rates  were  improved  by  200  percent  for  oak,  223 
percent  for  yellow-poplar  (Liriodendron 

tulipifera  L.),  228  percent  for  hickory  (Carya 
spp..),  and  248  percent  for  red  maple  (Acer 
rubrum  L.).  Schlesinger  (1978)  conducted  a 
study  in  southern  Illinois  in  which  white  oaks 
(Quercus  alba  L.)  of  all  crown  classes  except 
dominant  received  partial  release.  He  found 
that  partial  release  produced  a  160  percent 
increase  in  diameter  growth  in  lower  crown  class 
trees,  and  a  60  percent  increase  in  codominant 
trees.  Schlesinger' s  results  were  very  similar 
to     those     found     for     sugarberry     in     this    study. 

The  results  obtained  for  partial  release  in 
the  treatment  plots  also  compared  favorably  with 
those  obtained  for  complete  release  in  the 
paired-tree  study.  Partial  release  (from  below) 
resulted  in  a  diameter  growth  ratio  for  dominant 
and  codominant  trees  of  1.48  (Table  7),  or  83 
percent  of  the  diameter  growth  ratio  for 
dominants  and  codominants  obtained  through 
complete  release.  Intermediate  and  overtopped 
trees,  when  released  from  above,  showed  a 
diameter  growth  ratio  of  2.69  (Table  7),  or  63 
percent  of  the  diameter  growth  ratio  of 
completely  released  intermediate  and  overtopped 
trees. 
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Actual  Adj. 


Crown 
Diameter  Growth 
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Adj, 


Ratio 


Ratio 


"elease 
above 

Release 
below 

Control 


1.00  l.lSa^/  2.7  2.4a  0.9  0.0a  0.12  0.09ab      2.69a  3.10a 


1.18 


0.60 


0.99a 


2.8  3.2a  0.6  1.8a  0.18  0.18  b     1.48  b        1.61  b 


0.58  b  3.0  3.0a  -0.9  -0.7a  0.03  0.04a       0.91      c     0.98   c 


n  Means  based   on  actual   measurements. 

2/ 

—  Means   adjusted   through  analysis  of  covariance. 

'3/ 

'-Means    not    followed    by    the    same    letter    are    significantly    different    at    the   0.05    level    of    probability. 
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Response  of  sugarberry  to  either  complete 
or  partial  release  is  apparently  both  large  and 
rapid.  Results  from  these  studies  indicate  that 
satisfactory  growth  rates  of  sugarberry  are 
possible.  The  development  of  silvicultural 
techniques  designed  to  encourage  grosrth  rates 
similar  to  those  obtained  in  these  studies  is 
needed.  These  techniques,  coupled  vd.th  a  better 
understanding  of  how  individual  sugarberry  trees 
develop  long  merchantable  lengths,  would  enable 
the  forest  manager  to  produce  sugarberry  stands 
with  satisfactory  growth         and         quality. 

Management  of  existing  large  acreages  of 
sugarberry  would  thus  become  both  practical  and 
profitable. 
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SUMMARY 

1.  Sugarberry  trees  of  all  crown  classes 
showed  a  significant  improvement  in  diameter 
growth  rate  when  completely  released.  However, 
the  greatest  amount  of  increase  in  diameter 
growth  rate  was  observed  in  previously 
overtopped  trees. 

2.  Sugarberry  trees,  when  released  either 
from  below  or  from  above,  also  showed 
significant  increases  in  diameter  growth  rate. 
Trees  released  from  above  exhibited  a  greater 
response  in  increased  diameter  growth  rate  than 
did  trees  released  from  below. 

3.  Partial  release,  either  from  above  or 
from  below,  produced  increases  in  diameter 
growth  rates  that  were  63-83  percent  of  those 
obtained  through  complete  release. 

4.  Neither  complete  nor  partial  release 
had  a  significant  effect  on  height  growth  or 
crown  diameter  growth,  but  complete  release  and 
release  from  below  did  re'^ult  in  a  significant 
increase  in  bole  taper. 
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'SHINNING  FROM  EFLOW  AFFECTS  THE  GIRARP  FORK  CLASS  AND 


FINAL  VOLUME  OF  LOBLOLLY  PINE  PLANTATIONS^' 


1/ 


A.  T.  Shearin,  L.  E.  Nix,  and  R.  T.  Collir.! 
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ABSTRACT. — Investigation  of  s   long-term  thinning  s^udy  of 
loblolly  pine  (Pinus  taeda  L.)  plantations  in  the  Piedmont  of 
South  Carolina  indicated  that  at  age  h?   Girard  form  class  was 
greater  in  thinned  than  in  unthirned  plots.   Mean  form  clasr- 
values  for  sawlog  sized  stems  on  plots  which  were  heavily  thinned 
were  2.7  percentage  points  higher  than  those  on  the  unthinned 
control  plots.   Board-foot  volume  of  thinned  plots  avpraped 
24  percent  greater  than  that  of  unthinned  plots  at  age  A2,  and 
thinning  yield  averaged  24  cords  per  acre  from  4  low  thinnings 
begun  around  age  )4.   At  least  8  percent  of  the  sawtimber  volume 
difference  was  due  to  the  increase  in  Girard  form  class  of  the 
thinned  trees.   The  intermediate  Income  from  the  thinnings  and  the 
increase  in  sawtimber  volume  at  age  42  suggest  that  thinning  is 
desirable  if  closely-spaced  stands  are  to  he  carried  past  age  30. 


INTRODUCTION 

Plots  for  monitoring  long-term  response  of 
Li  lolly  pine  (Pinus  taeda  L.)  to  thinning  were 
I; tailed  in  plantations  established  in  the  late 
1  eteen  thirties  on  old-field  sites  in  upper 
5i''th  Carolina  (Goebel  et  al.  1974).   Although 
n.'y  of  the  plots  have  been  lost  to  construction 
5"r  the  years,  the  remaining  plots  are  being 
n,ntained  on  the  Clemson  University  Experimental 
?'lest,  located  in  the  Piedmont  of  South  Carolina. 


The  original  study  was  designed  to  evaluate 
effect  of  various  thinning  regimes  on  the 
wth  and  yield  of  loblolly  pine  plantations. 

remaining  plots  except  for  controls  have  all 
n  thinned,  primarily  from  below,  4  or  5  times 
ording  to  the  original  study  plans  which  speci- 
d  a   residual  basal  area  (ft^/acre)  to  be  left 
each  plot.   In  the  process  of  determining  the 
rd-foot  volumes  of  the  plots  in  recent  measure- 
ts,  Girard  form  class  measurements  were  taken 
a  sample  of  trees  in  each  diameter  class  on  the 
ts.  An  apparent  trend  in  the  data  associating 


—  Paper  presented  at  Southern  Silvicultural 
Riearch  Conference,  Atlanta,  Georgia, 
S.-ember  7-8,  1984. 
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3  —  Assistant  Professor,  Associate  Professor, 

^1  former  Graduate  Student,  respectively, 
D-artment  of  Forestry,  College  of  Forest  and 
R:reation  Resources,  Clemson  University,  Clemson, 
Sith  Carolina. 


higher  Girard  form  class  values  with  more  inten- 
sive thinnings  suggested  the  current  report. 


DESCRIPTION  OF  STUDY 

To  test  the  hypothesis  that  thinning  affects 
tree  taper  as  measured  by  Girard  form  class, 
measurements  were  taken  of  at  least  twenty  percent 
of  the  trees  in  each  one-inch  diameter  class  on 
the  plots  remaining  in  the  Clemson  long-term 
study.   Trees  to  be  measured  were  climbed,  and 
diameter  inside  bark  at  17.3  feet  was  determined 
by  subtracting  double  bark  thickness,  measured  at 
two  90-degree  adjacent  points  with  a  Swedish  bark 
gauge,  from  the  diameter  outside  the  bark.   The 
upper  diameter  was  divided  by  diameter  outside  bark 
taken  at  breast  height  (dbh)  to  calculate  the 
Girard  form  class  value  for  the  trees.   Measurements 
were  made  of  210  trees  located  on  15  plots  at 
4  locations.   Four  unthinned  control  plots  and 
II  plots  thinned  to  various  levels  of  intensity 
were  included.   The  form  class  data  were  analyzed 
using  the  General  Linear  Models  procedure  with  plot 
residual  basal  area  (BA)  as  treatment  and  diameter 
as  a  covariable  to  test  the  relationship  of  form 
class  to  diameter.   Plot  means  were  tested  indivi- 
dually, combined  into  4  levels  of  thinning  or  as 
thinned  or  unthinned  treatments.   The  fifty-year 
base  site  indices  of  the  4  groups  of  study  plots 
ranged  from  76  to  96  feet  indicating  that  the  site 
quality  of  the  study  plots  is  average  to  slightly 
above  average  for  loblolly  pine  in  the  Piedmont. 
The  age  of  the  trees  when  the  last  measurements 
were  made  was  42  years. 
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Plot  volumes  were  determined  by  measuring  the 
dbh  of  all  trees  and  ocularly  estimating  merchant- 
able heights  of  sawtimber  trees  (dbh  >  9.5  inches) 
to  the  nearest  1/2  log  using  a  16  fopt  pole  as 
reference.   Sawtimber  tree  volumes  were  taken  from 
the  form  class  volume  tables  of  Mesavage  and 
Cirard  (1946)  using  the  International  1/4"  rule 
and  basing  tree  form  class  on  the  average  value 
determined  for  each  diameter  class  on  the  plot. 
Pulpwood  volumes  (trees  4.6  to  9.5  inches  dbh) 
were  calculated  using  diameter  and  total  height 
(determined  from  a  height /diameter  relationship 
curve)  with  the  equation  of  Schumacher  and  Coile 
(1960).   Per  acre  volumes  were  then  expanded  from 
the  plot  values.   Board  foot  volumes  are  reported 
only  for  trees  >  9.5  inches  dbh. 


At  age  4?  the  plots  which  were  thinni^d 
averaged  105  square  feet  of  residual  basal  ar 
acre,  11.8  inches  dbh,  114.5  board  feet  per  t 
13,800  board  feet  and  5.5  cords  per  acre  and 
Girard  form  class  of  79.4  for  trees  >  9.5  inc 
dbh.   The  average  thinning  yield  was  24.?  cor 
acre  from  4  low  thinnings  begun  around  age  H 
unthinned  plots  averaged  193  square  feet  of  b 
area,  11.0  inches  dbh,  86.0  board  feet  per  tr 
10,710  board  feet  and  27  cords  per  acre,  and 
Girard  form  class  of  77.0  for  trees  >  9.5  inc 
dbh.   At  least  8  percent  of  the  24  percent 
sawtimber  volume  difference  between  thinned  a 
unthinned  plots  is  attributable  to  the  improv 
form  class  of  the  trees  on  thinned  plots. 


L 

1 
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RESULTS 

The  analyses  showed  that  when  all  trees 
measured  were  included,  form  class  was  signifi- 
cantly related  to  basal  area  residual,  but  that 
diameter  was  a  significant  covariable.   With  the 
effect  of  diameter  removed,  form  class  differences 
were  not  significant  at  the  5%  level.   When  the 
analysis  was  rerun  using  136  trees  >  9.5  inches 
dbh,  diameter  was  not  a  significant  covariable  and 
form  class  was  significantly  different  only 
between  the  best  thinning  treatment  (110  ft^  BA) 
and  the  poorest  (the  unthinned  plots) .   T\'hen 
treatments  were  combined  into  levels  of  thinning, 
form  class  was  significantly  different  only 
between  thinned  and  unthinned  plots  (Table  1). 

Table  1 .   Volumes  and  Girard  Form  Class  Values  of 
Loblolly  Pine  Influenced  by  Thinning  Treatments. 


Mean 

Mean 

Volume 

Volume 

Thinning 

Residual 

Mean 

per 
Tree^' 

T"   2/ 
Acre- 

Yield 

Basal 

Girard 

T""   3/ 
Acre- 

Area 

Form   . 
Class^' 

(BF- 

(BF- 

(ftVac) 

Int  k") 

Int  V) 

(cords) 

180-200 

77.0a 

86.0 

10,710 

0 

75-  85 

79.7b 

122.5 

14,288 

24.4 

90-100 

79.2b 

115.7 

14.981 

25.2 

110-135 

79.3b 

96.0 

10,480 

21.5 

—  Girard  form  class  is  a  measure  of  taper  of  the 
butt  log  of  the  tree.   Values  with  same  letter 
adjacent  are  not  different  at  the  5%  level. 
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—  Volumes  are  for  trees  S  9.6"  dbh  (sawtimber 

size)  at  age  42  years. 

3/ 

—  Unthinned  plots  averaged  27  cords  per  acre  of 

residual  pulpwood  (trees  >  4.5  inches  dbh), 
thinned  plots  averaged  5.5  cords  per  acre. 


DISCUSSION 

The  findings  of  this  study  agree  with  th 
of  other  researchers  who  have  documented  an 
increase  in  form  class  values  as  a  result  of 
thinning  when  the  comparison  is  made  between 
thinned  and  unthinned  plots.  There  was  no  at  ipt 
to  measure  changes  in  form  class  over  time,  aino 
attempt  was  made  to  classify  trees  as  to  crow'.i 
position,  i.e.,  according  to  the  classic  posi; 
of  trees  in  evenaged  stands  as  related  to 
dominance. 


Many  studies  have  shown  that  heavy  thinn 
results  in  increased  taper  of  residual  trees 
(Myers  1963,  Morrow  1974,  Barker  1980).   It  i 
important  to  distinguish  between  measures  of 
taper.   Husch  (1963)  and  Larson  (1963)  discus 
form  and  taper  in  detail.   Tree  taper  as  such 
cannot  be  equated  with  Girard  form  class  beca 
form  class  is  a  measure  of  the  taper  in  only 
portion  of  the  stem,  namely  the  first  16-foot 
nevertheless,  form  class  measurements  were 
originally  devised  to  estimate  taper  in  the  ra 
valuable  portion  of  the  tree  and  over  the  yea 
have  served  well.   Mesavage  and  Girard  (1946) 
that  in  using  their  /olume  tables  "one  percen 
form  class  approximates  3  percent  in  tree  vol 
This  relationship  indicates  the  importance  of 
monitoring  form  class  changes  in  measuring  gr 
and  yield.   For  example,  an  increase  in  mean 
class  from  76  to  78  percent  for  a  typical  sta 
loblolly  pine  would  result  in  a  6-percent  inc 
in  tabular  board  foot  volume. 
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When  Girard  form  class  is  used  as  a  meas ; 
tree  taper,  tree  form  apparently  improves  wit i 
thinning.   Brlnkman  et  al.  (1965)  found  that 
heavily  thinned  plots  in  evenaged  shortleaf  p  .' 
(Pinus  echinata.  Mill.)  the  largest  trees  had 
best  f9rm,  the  fastest  diameter  growth  rates, 
the  greatest  Improvement  in  form  over  the  yea ' 
the  study.   The  improvement  in  form  necessita  ' 
adjustment  in  the  volume  tables  used.   Hilt  a  j 
Dale  (1979)  in  a  thinning  study  of  oak  (Querc  ■■ 
spp.)  showed  that  it  was  possible  to  find  an 
increase  in  taper  as  measured  by  breast-heigh 
factor  and  simultaneously  to  find  a  decrease  i 
taper  of  the  same  tree  as  measured  by  Girard  > 
class. 


i  of 


le 
,d 
of 
an 


orm 


228 


Andrulot  et  al.  (197?)  attributed  finding  form 

t^s  differences  between  thinned  and  unthinned 
s  to  comparing  different  populations.   There 
more  trees  of  intermediate  and  suppressed 

,^lm  positions  on  the  control  plots,  thus,  they 
luded  that  these  lower  crown  class  trees  had 
effect  of  lowering  the  mean  form  class  of  the 
inned  plots.   Comparison  of  just  the  larger 
leter  trees  from  their  thinned  and  unthinned 
s  showed  no  difference  in  form  class.   In  the 

.r^ent  study,  there  was  significant  difference  in 
form  class  means  of  thinned  and  unthinned  plots 
only  if  trees  >  9.5  inches  dbh  were  included 

^ithe  analysis.  When  all  trees  were  included, 
leter  was  a  significant  covariable  and,  when 
influence  was  removed,  form  class  differences 

21   not  statistically  significant. 


VJilliston  (1967),  comparing  dominant  and 
Dbmlnanf  loblolly  pine  trees  on  thinned  versus 
linned  plots,  found  that  form,  class  increased, 
a  10-year  period,  by  9  percentage  points  on 
thinned  plots  while  form  class  on  the  control 
:s  Increased  by  7  percentage  points.   The 
silts  of  the  present  study  are  in  agreement  with 
iListon  (1967)  in  that  the  comparison  between 
op  class  means  of  larger  trees,  i.e.,  over 

inches  in  dbh,  showed  significant  difference 
ef^een  thinned  and  unthinned  plots. 

In  the  present  study,  the  plots,  except  for 
li  control  plots,  were  all  thinned  from  below  at 
proximately  5  to  8-year  intervals.   This  resulted 
rpe  plots  having  been  thinned  A  or  5  times. 
In  primarily  the  trees  of  intermediate  and 
cpminant  crown  class  being  removed.   Inter- 
Eilate  and  codominant  trees  are  generally 
reidered  to  be  more  cylindrical  in  form  than 
cjjlnant  trees,  resulting  in  higher  form  class 
dies   (Larson  1963)  and  so  the  thinnings  should 
c,s  resulted  in  a  reduction  of  mean  form  class 
'c,  the  thinned  plots.   Such  was  not  the  case  and 
l|re  was  no  significant  relationship  between  form 
s  and  diameter  among  trees  >  9.5  inches  dbh. 

It  would  be  difficult  to  explain  the  higher 
lass  values  of  the  thinned  plots  on  the 
that  a  biologically  sound  type  of  thinning, 
irlmarily  from  below  and  incidentally 
g  poorly  formed  or  diseased  trees  from  any 
lass,  automatically  results  in  taking  out 
1th  lower  form  class  values,  thus, 
ig  the  average  form  class  of  the  thinned 
Ocular  estimation  of  form  class  is 
t  to  do  except  within  very  broad  limits  of 
,  and  even  an  experienced  timber  cruiser 
/e  difficulty  in  selecting  mostly  trees  of 
!rage  form  class  values  for  removal. 

present  findings  could  be  a  quirk  of 
interacting  with  tree  height,  depth  of 
the  time  the  thinnings  began,  or  density 
at  or  near  the  current  age  (42  years) . 
vations  of  the  diameter  growth  patterns 
n  the  local  area  through  stem  analyses 
idents  and  fellow  researchers  clearly 


show  a  variable  pattern  of  vertical  distribution 
of  diameter  growth  such  that  there  is  a  region  of 
rapid  diameter  growth  that  seemingly  follows  the 
crown  as  it  recedes  upward  with  age  and  natural 
pruning.   Thus,  the  influence  of  thinning  in 
prolonging  retention  of  lower  branches  could  have 
provided  for  greater  diameter  growth  in  the 
proximity  of  the  lower  crown  at  the  time  thinnings 
were  initiated.   If  the  lower  limit  of  the  crown 
coincided  with  the  general  area  where  the  upper 
diameter  measurement  is  taken  for  Girard's  form 
class  when  the  plots  were  first  thinned,  then 
thinning  could  cause  a  higher  form  class  value  in 
this  manner. 

Based  on  the  results  and  studies  discussed 
here,  there  does  not  seem  to  be  a  clear  response 
to  thinning  in  regard  to  its  effect  on  the  taper 
of  trees  of  different  crown  positions.   However, 
if  conclusions  are  limited  to  young  evenaged 
stands  of  loblolly  pine,  thinned  starting  at  an 
early  age  and  primarily  from  below,  this  and  other 
studies  have  shown  an  increased  rate  of  volume 
accretion  in  the  first  16-foot  log  where,  for  many 
products,  the  wood  is  most  valuable.   This  is  an 
effect  of  thinning  that  is  seldom  mentioned  but 
that  is  adequately  described  by  Girard  Form  Class 
measurements.   Since  the  plots  investigated  in 
this  study  are  close  to  rotation  age  for  many 
management  plans  for  loblolly  pine,  it  would  seem 
worthwhile  to  take  a  closer  look  at  the  possible 
value  of  Increased  merchantable  volume  resulting 
from  form  class  improvement  due  to  thinning,  which 
has  not  received  as  much  attention  in  the  past  as 
it  might  deserve. 

The  other  benefits  of  thinning,  such  as  inter- 
mediate income  and,  in  this  case,  higher  sawtimber 
volumes  at  rotation  end,  are  accrued  primarily  when 
such  stands  are  carried  longer  than  30  years.   An 
earlier  study  of  these  same  stands  by  Goebel  et  al. 
(1974)  showed  no  economic  advantage  of  thinning  up 
to  age  33  years.   The  primary  advantage  of  thinning 
may  be  gained  when  sawtimber  is  the  maior  objective 
of  stand  management  and  form  class  improvement  is 
considered  in  volume  determinations. 
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EFFECTS  OF  FUSIFORM  RUST  ON  GROWTH  OF  PLANTED  SLASH  PINES^'' 


P.Y.  Burns  and  S.C.  Hu^' 


2/ 


Abstract. — Living  stems  in  an  unthinned  slash  pine 
plantation  were  classified  at  age  11  into  three  severi- 
ty-of-infection  categories.  Growth  data  to  age  14  showed 
that  mortality  was  largely  rust-associated.  Volume  growth 
of  survivors  was  slightly  but  significantly  reduced  by 
infection;  the  greater  the  degree  of  cankering  the  less  the 
growth. 


INTRODUCTION 

Fusiform  rust  of  southern  pines  is  the  most 
liging  disease  of  forest  trees  in  the  South. 
Is  caused  by  the  fungus  Cronartium  quercuum 
iik.)  Miyabe  ex  Shirai  f.  sp.  fusiforme 
ikeslee  1983).  The  two  most  widely  planted 
lies  in  the  South,  loblolly  pine  (Pinus  taeda 
,  and  slash  pine  (P^.  elliottii  Engelm.),  are 
i,:eptible.  There  has  been  a  dramatic  increase 
ithe  incidence  and  impact  of  this  disease  in 
I  planted  slash  pine  ecosystem  since  1960 
iius  and  Schmidt  1977),  and  mortality  caused  by 
i.form  rust  is  serious  in  some  areas  of  the 
1  h.  Recommended  rust-management  strategies 
lid  on  rust  hazard  have  been  developed  for 
\kh  pine  plantations  (Schmidt  and  Klapproth 
)'.) »  and  a  yield  model  for  unthinned  slash  pine 
Litations  infected  with  fusiform  rust  is  now 
ra.lable  (Nance  et  al.  1983). 

I  Although  Powers  et_  al^.  (1974)  and  Sluder 
lf7)  found  that  stem  growth  of  rust-infected 
c^s  was  reduced,  others  reported  that  fusiform 
^y  does  not  significantly  affect  growth  of 
l^h  pine  trees  (Barber  1961,  Dell  and  Driver 
35,  Dinus  and  Schmidtling  1971,  Jones  1972). 
qLng  the  conflicting  results  in  the  literature 
^Ley  and  Veal  (1977)  suggested  that  these 
Ijfering  findings  might  at  least  be  partially 
plained  if  investigators  would  rate  severity  of 
12ction  by  measuring  the  percentage  of  the  stem 
iSh  is  girdled.  The  objective  of  our  current 
Hy  was  to  test  this  suggestion  by  classifying 
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trees  into  severity-of-infection  classes  and  to 
measure  their  growth  for  the  ensuing  three 
years. 

METHODS 

In  the  spring  of  1970  one-year-old  slash 
pine  seedlings  were  planted  at  LSU's  Lee  Memorial 
Forest  in  southeastern  Louisiana.  The  seed 
source  was  fast-growing  high-quality  trees  from 
the  same  general  area.  Spacing  was  9  ft  x  12  ft 
(403  trees/acre). 

The  plantation  was  located  on  a  stream 
terrace  site  where  a  40-year-old  natural  lob- 
lolly pine  stand  had  been  harvested  and  the  site 
and  been  prepared.  The  soil  type  is  Kalmia  very 
fine  sandy  loam.  Oaks  which  are  highly  suscep- 
tible to  fusiform  rust  are  abundant  in  the 
surrounding  forest,  and  the  area  is  in  a  region 
of  high  rust-infection  hazard  for  slash  pine 
plantations  (Squillace  1976). 

Four  0.74-acre  plots  were  established,  and 
each  plot  received  one  of  four  intensive  culture 
treatments,  including  a  control.  Only  the  two 
most  intensively  treated  plots  (A  and  B)  were 
utilized  for  this  report.  These  two  plots  were 
plowed  before  planting,  fertilized,  mowed  as 
needed  for  brush  and  weed  control,  and  pruned  at 
age  7  to  a  height  of  6  ft.  Plots  A  and  B  have 
been  nearly  identical  in  growth  and  rust  in- 
fection; therefore  they  were  combined  for  this 
investigation. 

Tree  d.b.h.  and  height  were  measured 
annually  through  14  growing  seasons  on  the 
interior  0.424  acre  of  each  plot  (total  0.848 
acre  for  the  combined  plots) .  Fusiform  canker- 
ing on  each  standing  tree  was  tallied  at  ages  84 
and  10.  The  relationship  between  rust  infection 
and  intensive  culture  on  these  plots  at  age  10 
was  reported  at  the  1980  Southern  Silvicultural 
Research  Conference  (Burns  et  al.  1981). 
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At  age  11,  each  tree  was  classified  into  one 
of  three  severity-of-infection  categories:  (1)  no 
stem  canker,  (2)  canker  with  less  than  50  percent 
of  the  stem  circumference  affected,  and  (3) 
canker  with  50  percent  or  more  of  the  stem 
circumference  affected.  In  addition,  the  presence 
or  absence  of  limb  cankers  was  recorded  for  each 
tree.  The  age-11  tally  thus  resulted  in  six 
canker  classes. 

Student's  t_-test  was  used  for  statistical 
analysis  of  the  effects  of  degree  of  cankering  on 
stand  parameters  at  age  11  and  on  growth  from  age 
11  to  age  14. 


RESULTS 

Stand  Description  at  Age  11 

At  age  11,  survival  was  81  percent.  Stand 
characteristics  as  shown  in  table  1  were:  327 
trees/acre,  average  d.b.h.  6.6  inches,  average 
height  41  ft,  and  average  volume  3.6  ft^.  Basal 
area  was  80  ft^/acre  and  volume  1167  ft^/acre. 
Cumulative  mortality  volume  was  75  ft^/acre,  85 
percent  of  which  was  rust-associated.  Rust- 
associated  mortality  at  age  11  was  9  percent, 
based  on  the  definition  by  Wells  and  Dinus 
(1978) —  the  cumulative  number  of  trees  killed  by 
rust  divided  by  the  number  planted  less  those 
dead  of  causes  other  than  rust.  Site  index 
(average  height  of  the  dominants  and  codominants 
at  base  age  25)  was  high — 84  ft. 

The  percentage  of  living  trees  at  age  11  in 
the  six  canker  classes  is  presented  below. 


Limb  canker  class 


None 

Canker 

Total 

— Percent  of 

trees — 

10 

32 

42 

6 

39 

45 

ce 
Total 

1 
18 

11 
82 

13 
100 

Stem  canker  class 

None 

Under  50%  circumference 

50%  or  more  circumference 


Stem  Canker  Effects 

The  geographic  spread  of  stem  infection  and 
mortality  was  fairly  uniform  across  the  plot 
area.  Bole  cankers  were  tallied  on  58  percent  of 
the  living  trees  at  age  11. 

As  table  1  shows,  at  age  11  there  were  no 
statistically  significant  (0.05  level) 
differences  in  average  d.b.h.,  height,  and  volume 
per  tree  between  trees  with  no  stem  canker  and 
those  with  stem  cankers  extending  less  than 
halfway  around  the  bole.  However,  there  were 
significant  differences  between  trees  with  50 
percent  or  more  of  the  trunk  affected  by  rust  and 
the  average  of  the  other  two  canker  classes: 
average  d.b.h.  was  11  percent  smaller,  average 
height  was  10  percent  lower,  and  average  volume 
was  26  percent  less  for  the  most  severely 
cankered  class. 


Mortality  during  the  three-year  perioc  on 
age  11  to  age  14  (table  1)  amounted  to  5  ptctit 
of  the  trees,  a  volume  loss  of  2.7  perce  i  of 
the  age-11  stand  volume.  Of  the  trees  Jch 
died,  86  percent  had  stem  cankers  at  age*^ 
percent  apparently  died  of  suppression, 
percent  died  of  unknown  causes.  Although  c :/ / 
to  3  percent  of  the  trees  with  either  no  let 
canker  or  a  canker  extending  less  than  he  kay 
around  the  bole  died,  23  percent  of  the  tre  =  in 
the  most  severely  cankered  class  f  ailc :  tc 
survive. 

No  statistically  significant  diffei^zesi 
were  found  among  sizes  of  dead  trees  relatJt]to 
stem-canker  class.  However,  rust-assoc  Ited 
mortality  was  related  to  tree  size;  cai  kceil 
trees  which  died  average  only  about  ha  :  as 
large  as  those  which  survived. 

Table  1. — Relationship  of  stem  canker  cla;  ss 
to  age-11  stand  characteristics  and  t( 
mortality  and  survivor  .growth, 
ages  11  to  14.— 


Canker 
class 

Trees 
per  ac. 

Ave  2/ 
dbh^' 

Ave .    A^  { 

ht .     v(  'J 

13/ 

No. 

In. 

Ft.     Fi^ 

Age 

-11  characteristics; 

None     ,  , 
Under  50%™ 

139 
147 

6.65  a 
6.76  a 

41.4  a  3ii 
41.1  a  3' 

a 

50%  plus^'' 

41 

5.93  b 

37.3  b  2 

_b 

All  trees 

327 

6.61 

40.7    3 

Mortality,  ages  11  to  j 

None 

2 

6.45  c 

41.0  c  3 

c 

Under  50% 

5 

5.58  c 

37.2  c  2 

c 

50%  plus 

_9 

4.71  c 

33.4  c  1 

_c 

All  trees 

16 

5.21 

35.6    1 

Survivor  growth,  ages  11  j 

U 

None 

137 

0.80  d 

9.1  d   2  1 

d 

Under  50% 

142 

0.69  e 

8.5  e   11 

d 

50%  plus 

32 

0.62  e 

8.0  e   1  1 

_e 

All  trees 

311 

0.73 

8.4     1 

_1_/  Means  in  the  same  column  followed  by  th 

letter  are  not  significantly  different 

5  percent  level. 
_2/  Arithmetic  average. 
_3/  Total  stem  inside  bark. 
4/  Less  than  50%  of  the  stem  circumference 

affected. 
5/  50%  or  more  of  the  stem  circumference 

affected. 

Growth  of  trees  which  survived  betwee 
11  and  14  was  apparently  reduced  slightly 
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lame 
the 


iflcantly  (0.05  level)  by  stem  cankering 
le  1).   Compared  to  trees  without  a  stem 

iijer,  trees  having  a  canker  extending  less  than 
percent  around  the  bole  had  average  growth 
ctions  of  5  percent  per  year  in  diameter  and 
percent  per  year  in  height;  annual 
me-growth  reduction  for  this  canker  class  was 

ilrcent,  slightly  less  than  the  amount  required 

i  statistical   significance.    Trees   with   a 
er  extending  at  least  halfway  around  the  stem 
..ained  average  diameter-growth  reduction  of  8 
lent  per  year,  average  height-growth  reduction 
li  percent  per  year,  and  annual  volume-growth 
iJction  of  9  percent. 


Limb  Canker  Effects 

Limb  cankers  occurred  on  82  percent  of  the 
^s  at  age  11.  Only  10  percent  of  the  trees 
1  "clean;"  that  is,  with  neither  a  stem  nor  a 
.i|  canker. 

Limb  cankering  was  well  distributed  through 

Grange  of  tree  sizes,  although  within  the 

tem-canker  class  the  average  limb-cankered 

■(  was  4  percent  shorter  than  the  average  tree 

'.lout  limb  infection. 

.  ^  Small  but  statistically  significant  growth 
:.i|Ctions  were  associated  with  limb  cankers. 
"I'ared  to  trees  with  no  limb  canker,   limb 

1  ered  trees  had  average  annual  growth  re- 
"  ions  of  8  percent  in  diameter,  5  percent  in 

:  ht,  and  8  percent  in  volume. 


DISCUSSION 

1  The  findings  in  this  study  help  explain  the 

jfllcting  results  in  the  literature  concerning 

,11  effects  of   fusiform  rust   on  slash  pine 

rth.   Although  there  is  apparently  a  growth 

iction  in  surviving  trees  due  to  the  presence 

ole  cankers,  the  effect  is  slight  for  trees 

a  moderately  severe  infection.   However,  for 

ire  cankering  (50  percent  or  more  of  the  stem 

fumference  affected) ,  the  growth  reduction  is 

pronounced,  although  still  relatively  small. 

ey  and  Veal  (1977)  reported  somewhat  similar 

ilts. 


n 


Growth  reduction  associated  with  rust 
ction  is  by  no  means  uniform.  For  example, 
>f  severely  cankered  trees  (26  percent  of  the 
I'ivors)  grew  faster  in  our  experiment  than  the 
_';age  tree  with  no  stem  canker.  Thus,  in  order 
te)f  rust-associated  growth  reduction  to  be 
spcted  in  a  particular  study,  tree  measurements 
ill  to  be  accurate  and  precise,  and  a  large 
wer  of  trees  needs  to  be  included  in  the 
fie  so  the  growth  estimates  will  be  reliable. 

.  Our  finding  that  rust-associated  mortality 

'heavier  among  the  smaller  trees  is  apparently 

'contradiction  to  the  results  of  a  study  by 

i-.e  et  al.  (1981)  in  Louisiana  and  Mississippi 

iC-eh  pine  plantations.   They  reported  that  at 

i«fe  10,  15,  and  20,  tall  trees  had  a  higher 


proportion  with  a  stem  gall  than  did  short 
trees;  however,  among  stem-infected  trees 
survival  was  higher  for  large  trees  than  for 
small  ones,  so  that  rust-associated  mortality 
was  approximately  the  same  for  all  size  classes. 

That  our  data  indicated  a  reduction  of  8 
percent  per  year  in  volume  growth  associated 
with  limb  cankering  is  somewhat  surprising. 
Cause  and  effect  are  not  clear  here.  It  is  of 
course  possible  that  the  infections  caused 
lessened  growth;  however,  it  is  also  possible 
that  slow-growing  trees  were  more  prone  to 
branch  infections. 

The  growth  loss  associated  with  fusiform 
rust  in  our  study  plots  is  quite  small  to-date 
compared  to  the  growth  gain  due  to  intensive 
silvicultural  practices.  Through  age  14,  our 
intensive  culture  plots  A  and  B  have  produced 
nearly  three  times  as  much  wood  per  acre  as  our 
unthinned  control  plot,  in  which  only  16  percent 
of  the  stems  are  infected.  At  the  end  of  the 
rotation,  whether  or  not  the  growth  increase  due 
to  Intensive  silviculture  will  be  negated  by  the 
attendant  mortality  and  growth  loss  due  to 
increased  rust  infection  is  still  uncertain. 
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THINNING  LOBLOLLY  PINE  PLANTATIONS 
Terry  R.  Clason  and  Quang  V.  Cao 


Abstract. — Effects  of  thinning  on  a  29-year-old 
loblolly  pine  plantation  are  being  studied.  Research  plots 
stocked  at  100,  200,  and  300  TPA  since  age  11  were  thinned 
by  reducing  each  stocking  level  to  75,  50,  and  25  TPA. 
Merchantable  wood  yields  at  age  29  were  3080,  3A00,  and  3950 
ft^/acre  for  100,  200,  and  300  TPA,  respectively.  Prior  to 
thinning,  sawtimber  accounted  for  82,  65,  and  47  percent  of 
the  standing  volume,  while  post-thinning  percentages  were 
82,  77,  and  71.  Mean  annual  sawtimber  growth  increment 
between  age  11  and  29  was  138,  123,  and  92  ft^/acre.  Five 
years  after  thinning  the  periodic  annual  sawtimber  growth 
increment  was  60,  80,  and  65  ft^/acre  and  sawtimber  percent- 
ages were  89,  8A,  and  82  for  100,  200,  and  300  TPA.  Per 
acre  values  for  the  respective  treatments  increased  by 
$267.66,  $300.66,  and  $248.28. 


INTRODUCTION 

Landowner  management  objectives  determine 
intermediate  harvesting  practices  utilized  in 
Aolly  pine  plantations.  Wahlenberg  (1960) 
)?d  that  yield  increases  subsequent  to  thinning 
ifilted  from  increased  net  merchantable  volume 
i^ested  during  a  rotation  rather  than  increased 
3^  wood  growth. 

Research  has  indicated  that  thinning  may  not 
rease  net  merchantable  yields  in  plantations 
111  a  rotation  length  of  25  years  of  less.  Crow 
152)  found  no  yield  difference  between  a  light 
'inlng  (88  ft^/acre  of  residual  basal  area)  and 
"unthinned  control  in  24-year  old  slash  pine 
Stations  in  south  Louisiana.  Thinned  natural 
:lolly  pine  stands  in  Louisiana  produced  yield 
rreases  by  age  33  (Mann  1952).  Thinning  young 
llolly  pine  stands  in  Illinois  failed  to 
rirease  yields  at  age  17  (Minckler  and 
|tschman,  1953).  A  spacing  and  thinning  study 
1  northwest  Louisiana  indicated  that  loblolly 
e  yields  were  maximized  at  denser  stocking 
ses,  while  individual  tree  size  was  greater  at 
er  rates  (Sprinz  et  al. ,  1979). 

Although  maximum  fiber  production  on  a  given 
e  is  the  biological  objective  of  short  ro- 
ions,  a  satisfactory  rate  of  return  on  invest- 
capital  may  not  be  achieved  without  thinning. 

need  to  apply  both  biological  and  economic 
nciples  to  timber  management  was  recognized  by 
d  (1952).  He  stated  "Net  returns  are  max- 
zed  when  the  growing  stock  is  regulated  and 
d  to  the  smallest  amount  of  timber  capital 
t  will  produce   maximum  yield  within  the 


capacity  of  the  site  and  species.  With  too  much 
volume  of  growing  stock  the  net  return  per  acre 
may  be  high,  but  the  rate  of  return  on  the  large 
investment  unsatisfactory.  With  too  little 
growing  stock  the  rate  of  return  on  the  small 
investment  is  likely  to  be  high  but  the  net  return 
per  acre  unsatisfactory."  Thinning  provides  the 
land  manager  a  tool  that  can  be  utilized  to 
maintain  timber  capital  at  levels,  which  can 
maximize  financial  gains  for  either  short  or  long 
rotations. 

Loblolly,  slash,  and  other  pine  plantations 
established  at  relatively  wide  spacings  and  grown 
under  severe  thinning  schedules  produced  high 
yields  during  short  rotations.  In  Australia, 
Jolly  (1950)  obtained  the  greatest  volume  yield 
and  net  return  on  investment  during  a  short 
rotation  by  thinning  Monterey  pine  to  300  trees 
per  acre  (TPA)  at  age  10.  Kotze  (1960)  recommend- 
ed that  loblolly  and  slash  pine  in  South  Africa 
planted  at  a  7  ft  x  7  ft  spacing  should  be  thinned 
to  500  TPA  at  age  11  and  300  TPA  at  age  16.  Wood 
yields  produced  with  this  schedule  were  10,  and  15 
cords/acre  at  age  11,  and  16  with  60  cords/acre 
harvested  at  25  years.  Sprinz  et  al.  (1979)  found 
that  total  merchantable  yields  for  loblolly  pine 
thinned  to  300  TPA  at  age  11  were  comparable  to  an 
unthinned  10  ft  x  10  ft  treatment  and  greater  than 
denser  stocked  unthinned  treatments. 

Where  cultural  practices  are  intense  and  site 
conditions  favorable,  thinned  stands  can  produce 
higher  yields  than  unthinned  stands  during  a  30- 
year  rotation.   After  age  30,   thinning  could 
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stimulate  individual  tree  growth  and  produce 
higher  value  products.  The  purpose  of  this  study 
is  to  determine  the  growth  response  of  thinned 
29-year-old  loblolly  pine  stands  stocked,  since 
age  11,  at  100,  200  and  300  TPA  and  how  financial 
gains  have  been  influenced  since  age  29. 


thinning  were  10.3,  6.7,  and  5.1  cords  pe  ■  ere 
for  100,  200,  and  300  TPA  plots,  respective]/ 

The  plantation  was  thinned  again  at  a ;  2', 
Stocking  levels  from  the  age  11  treatment  ere 
reduced  to  25,  50,  and  75  TPA.  The  nine  tre  3ie;; 
combinations  that  resulted  were: 


METHODS 

Since  age  5,  growth  data  has  been  collected 
from  a  loblolly  pine  plantation,  which  is  cur- 
rently 34  years  old,  located  on  the  Hill  Farm 
Research  Station  near  Homer,  Louisiana.  The 
plantation  was  established  on  an  abandoned  cotton 
field  with  soil  types  mainly  from  the  Shubuta, 
Luveme,  and  Bowie  Series,  all  having  a  fine 
sandy  loam  texture.  Site  index  averaged  68  feet 
at  age  25  with  site  quality  of  individual  plots 
ranging  from  65  to  78  feet. 

Bare-rooted  seedlings,  graded  as  1  and  2 
using  guidelines  similar  to  Wakeley's  (1954) 
grading  system,  were  planted  on  a  10-acre  study 
area  in  February  1950.  Seedlings  were  grown 
using  seed  collected  from  natural  loblolly  stands 
located  in  north  Louisiana.  Site  preparation 
included  removing  existing  pine  and  hardwood 
saplings,  poisoning  stumps  and  burning. 

Each  initial  stocking  rate,  4x4,  6x6,  6x8, 
8x8,  and  lOxlO-foot  spacing,  was  established  on  a 
1-acre  block  and  replicated  twice.  First-year 
survival  rates  were  high  but  interplanting  was 
done  where  necessary.  One  lOxlO-foot  block  was 
removed  from  the  study  due  to  hardwood  competi- 
tion and  pine  mortality. 

In  1955  at  age  6,  each  block  was  divided 
into  4  plots.  Plot  size  ranged  from  0.16  to  0.29 
acres  without  buffer  strips.  Three  cultural 
treatments  were  randomly  assigned  within  each 
block: 

1.  Precommercially  thin  to  400  TPA; 

2.  Prune  400  crop  TPA  to  8  ft  or  1/2  total 
height;  and 

3.  Precommercially  thin  to  400  TPA  and 
prune  to  8  ft  or  1/2  total  height. 

A  fourth  plot  in  each  block  was  maintained  as 
part  of  the  original  spacing  study.  Crop  tree 
diameter  and  height  were  measured  annually  from 
1955  to  1960. 

Three  commercial  thinning  treatments  were 
applied  at  age  11  to  the  previously  treated 
plots.   Treatments  included: 

1.  Thin  to  100  TPA  and  prune  to  17  ft; 

2.  Thin  to  200  TPA  and  prune  to  17  ft;  and 

3.  Thin  to  300  TPA  and  prune  to  17  ft. 

These  treatments  were  replicated  three  times  on 
each  age  6  treatment  and  growth  data  were  col- 
lected on  a  periodic  basis  from  1960  through 
1978.   Pulpwood  volume  removed  during  the  age  11 
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to 
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75 
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to 

25 
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8. 

300 
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to 

50 
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9. 

300 

TPA 

to 

75 

TPA 
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Each  treatment  combination  was  rep]  iktei 
three  times  and  growth  data  were  collected  j 
32  and  34.  Total  inside  bark  volume  was  cc  jljtei 
with  the  Smalley  and  Bower  Equation  (1968- lani 
merchantable  volume  was  determined  wit  il  tt» 
Burkhart's  (1977)  volume  ratio  method  usi  j  ths 
following  merchantability  standards:        j 


a  I 
a; 


a] 


1.  Sawtimber  -  from  the  tree  butt 
inch  inside  bark  diameter  (i.b.); 

2.  Chip-n-saw  -  from  a  8  inch  i.b. 
inch  i.b. ;  and 

3.  Pulpwood  -  from  a  5  inch  i.b. 
inch  i.b. 


All  data  were  analyzed  with  analysis  of  vj 
and  individual  means  were  compared  orthogonjiily. 


RESULTS  AND  DISCUSSION 


Growth  and  Yield 


Age  11  Treatments 

The  thinning  tireatments  applied  at  age  ,9  to 
loblolly  pine  stocked  at  100,  200  and  300  '  I  had 
a  nonsignificant  effect  at  the  5%  level  on  jowth 
after  5  years.  Although  nonsignificant,  the 
results  of  this  study  reflect  on  the  inte  (tive 
effect  of  past  and  present  management  pract:  (S  on 
stand  growth  and  value. 


Table  1  presents  stand  attribute  data 
age   11   thinning   treatments   through   ag 
Individual  tree  growth  was  superior  on  the 
treatments,  while  yield  was  greatest  at  t 
TPA  stocking  level.   Following  thinning  at  , 
mean  diameter  and  height  were  largest  on  1 
TPA  treatments  (7  inches  and  36.5  ft)  am 
area  and  volume  largest  on  the  300  TPA  tre. 
(56.7  ft^/acre  and  580  ft^/acre).   Standi: 
data  at  age  29  showed  the  effect  of  the  • 
stocking  levels  on  growth  since  age  11. 
diameter  growth  on  the  100  TPA  treatments 
percent  greater  than  the  300  TPA,  averagd 
inches   (Table   1).    Mean   merchantable 
growth  between  age  11  and  29  was  2730,  31! 
3370  ft^/acre  for  the  100,   200  and  3- 
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le  1. 

Stand 

attributes  by  Age 

11    treatments 

Ir  t- 

Stock- 

Dia- 

Basal 

Bt 

ing 

meter 

Area 

Height 

Volume 

FtV 

Ft^/ 

TPA 

In 

acre 

Ft 

acre 

11    Residual 

26.5          36.5 

11 

100 

-  -age 
7.0 

350 

2) 

193 

5.9 

37.4 

34.6 

380 

}) 

295 

5.9 

56.7 

.     Aero      1  A     - 

34.6 

580 

Age    ID 

ll) 

100 

10.3 

57.2 

49.0 

1,040 

2) 

189 

8.4 

72.0 

48.2 

1,320 

3) 

294 

7.8 

98.3 
-Age   21  — 

48.8 

1,800 

I) 

96 

12.3 

79.4 

60.4 

1,790 

2) 

184 

9.9 

98.1 

59.5 

2,230 

3) 

290 

9.0 

128.5 

59.6 

2,900 

n 

94 

14.7 

112.4 

74.6 

3,080 

n 

172 

11.9 

133.0 

74.4 

3,400 

'^' 

275 

10.9 

162.0 

73.1 

3,950 

-Age  29  Resldual- 


50  15.2  62.3  76.0  1,760 

54  12.8  48.3  76.8  1,320 

49  12.0  38.9  76.8  1,120 

Age  34 

49  15.7  65.8  79.7  2,060 

54  13.7  55.3  81.7  1,720 

49  13.3  47.3  80.9  1,450 


f|le  2.  Cut  volumes  by  Age  11  treatments 


Total 
Volume 


Pulpwood 
Volume 


Sawtimber 
Volume 


Ft^/Acre 
—Age  11  — 


820 
540 
400 


1,320 
2,080 
2,850 


820 
540 
400 

-Age  29- 

130 

520 

1,130 


1,190 
1,560 
1,720 


respectively.  Total  merchantable  volume  yields 
through  age  29  were  3900,  3940,  and  4350  ft^/acre 
(Tables  1  and  2). 

Although  the  300  TPA  treatments  produced  500 
ft^/acre  more  volume  than  the  100  TPA,  product 
distribution  at  age  29  differed  greatly. 
Merchantable  volume  distribution  within  the  100 
TPA  was  87  percent  sawtimber,  8.5  percent  chip-n- 
saw,  and  3.5  percent  pulpwood.  The  300  TPA 
breakdown  was  56,  30,  and  8  percent  for  sawtimber, 
chip-n-saw,  and  pulpwood,  respectively. 

At  age  29,  the  initial  thinning  treatments 
were  thinned  so  that  stocking  averaged  50,  54,  and 
49  TPA  for  the  100,  200,  and  300  TPA.  There  were 
no  detectable  volume  growth  differences  among  age 
11  treatments  between  age  29  and  34.  Periodic 
annual  increment  averaged  60,  80,  and  64  ft^/acre 
for  100,  200  and  300  TPA  for  the  growing  period. 
Total  merchantable  volume  yields  through  age  34 
were  4,220,  4,340,  and  4,700  ft^/acre  (Tables  1 
and  2).  The  second  thinning  removed  the  smaller 
trees  from  the  200  and  300  TPA  treatments;  the 
product  distribution  for  these  treatments  became 
predominantly  sawtimber.  Thus,  sawtimber  distribu- 
tion averaged  89.5,  84.5  and  82.5  percent  for  the 
100,  200,  and  300  TPA  treatments. 


Age  29  Treatments 

Table  3  depicts  the  characteristics  for  each 
thinning  treatment  applied  at  age  29.  Treatment 
data  prior  to  thinning  reflect  growth  influences 
of  the  age  11  treatments.  Residual  stand  attri- 
butes following  thinning  were  inversely  related  to 
age  11  stocking  levels.  All  attributes  of  the  100 
TPA  treatment  thinned  to  25,  50,  or  75  TPA  were 
greater  than  the  corresponding  age  29  stocking 
levels  applied  to  the  200,  and  300  TPA  treatments 
(Table  3) .  Harvest  volumes  (Table  4)  were  direct- 
ly related  to  the  age  11  treatments  for  each  age 
29  stocking  level.  Harvest  volumes  ranged  from 
640  ft^/acre  for  the  100  TPA  thinned  to  75  TPA 
(Treatment  3)  to  3,760  ft^/acre  for  300  TPA 
thinned  to  25  TPA  (Treatment  7).  Sawtimber 
distribution  for  the  two  volume  extremes  was  86 
and  56  percent,  respectively,  but  treatment  7 
yielded  4  times  more  sawtimber  than  treatment  3 
(Table  4). 

Treatment  diameter  and  height  growth  did  not 
vary  significantly  at  the  5%  level  during  the  five 
year  growth  period  (Table  3) .  Diameter  growth  for 
all  treatments  averaged  0.9  inches  and  ranged 
between  0.5  inches  for  treatment  3  and  1.3  inches 
for  treatment  4.  Mean  height  growth  was  3.8  ft 
ranging  between  2.6  and  4.4  ft.  The  highest 
mortality  rate  was  5.4  percent  and  occurred  on 
treatment  3. 

There  were  no  detectable  volume  growth 
differences  among  the  age  29  thinning  treatments. 
Individual  mean  comparisons  within  each  age  11  x 
age  29  interaction  group  i.e.,  100  TPA  x  25,  50, 
and  75  (Treatments  1,2,  and  3),   200  TPA  x  25,  50, 
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Table  3.   Stand  attributes  by  Age  29  treatments 


Treat- 

Stock- 

Dia- 

Basal 

ment 

ing 

meter 

Area 

Height 

Volume 

FtV 

Ft^/ 

TPA 

In 

acre 

-  Aoo  90  - 

Ft 

acre 

1 

93 

14.3 

112.6 

75.7 

3,230 

2 

94 

14.6 

112.3 

72.7 

3,090 

3 

93 

14.7 

112.5 

75.1 

3,200 

4 

179 

11.4 

133.9 

72.4 

3,660 

5 

163 

11.4 

118.7 

72.0 

3,220 

6 

189 

11.7 

146.3 

75.9 

4,210 

7 

277 

10.3 

166.5 

71.5 

4,500 

8 

275 

9.3 

134.9 

66.8 

3,570 

9 

274 

10.9 

184.5 

74.0 

5,230 

. 

9U  Roo-fHuol 

1 

30 

-  -Age 
15.6 

39.9 

78.7 

1,190 

2 

46 

15.1 

57.6 

73.9 

1,610 

3 

73 

14.8 

89.5 

75.6 

2,560 

4 

27 

13.1 

26.2 

76.1 

750 

5 

55 

12.6 

48.2 

75.3 

1,360 

6 

80 

12.6 

70.4 

79.1 

2,100 

7 

29 

12.6 

25.7 

77.3 

740 

8 

47 

11.8 

31.1 

74.2 

1,020 

9 

71 

12.3 

60.1 
-Age  34 — 

79.7 

1,800 

1 

30 

16.6 

45.1 

81.9 

1,400 

2 

46 

15.9 

64.3 

78.1 

1,900 

3 

69 

15.3 

91.0 

79.6 

2,770 

4 

27 

14.4 

31.0 

80.4 

940 

5 

53 

13.4 

52.9 

79.7 

1,590 

6 

78 

13.6 

79.8 

83.5 

2,520 

7 

27 

13.5 

27.6 

81.0 

840 

8 

45 

13.0 

42.5 

77.9 

1,250 

9 

71 

13.2 

68.6 

82.3 

2,150 

Table  4.   Cut  volumes  by  Age  29  treatments 


Treatment 


Total 
Volume 


Pulpwood 
Volume 


Sawtimber 
Volume 


Fp/Acre 


-Age  29- 


1 

2,040 

280 

1,760 

2 

1,470 

220 

1,250 

3 

640 

90 

550 

4 

2,910 

880 

2,030 

5 

1,800 

640 

1.210 

6 

2,100 

650 

1,450 

7 

3,760 

1,670 

2,090 

8 

2,550 

1,540 

1,010 

9 

3,420 

1,310 

2,110 

and  75  (Treatments  4,  5,  and  6),  and  300  TPi  25 
50,  and  75  (Treatments  7,  8,  and  9),  were  t;ti 
for  growth  differences  at  the  5%  level.   Cwtl 
within   the   100   TPA  group   was   nonsign:  f;aiiu 
averaging  210,  290,  and  210  ft^/acre  for  ti 
50  and  75  TPA.   Siginificant  growth  differ 
were  detected  among  the  age  29  treatments  , 
the  200  and  300  TPA  groups  (Table  3).   The  /  T,„. 
treatments  of  both  groups  yielded  signif :  catlj 
more  volume  than  the  25  and  50  TPA  treatment  e  42j 
and  340  ft^/acre  for  the  200  and  300  TPA,  nsm- 
ively.   Failure  of  the  age  29  residual  sts  lis  t( 
fully  utilize  available  growing  space  dec  iasei 
the  periodic  annual  growth  increment  well  l|sloi 
pre-thinning  age  29  increment.   Growth  dur j  tj;  thi 
last  five  years  was  related  inversely  to  t1'ag( 
11   treatments   and   directly   to   the   a»  25 
treatments.   The  exception  was  treatment  !■  ths 
least   severely   thinned   stand.    The   Jjyeai 
merchantable  volume  yield  for  treatment  3  v  J  211 
ft^/acre,   while   the   other   75   TPA   !  |nds, 
treatments  6  and  9,  yielded  425  and  342  f  t' |crej 
respectively   (Table   3).    In   addition  !j  thi 
treatment  3  yield  was  the  third  lowest  amcd  al| 
nine  treatments.  ' 


Financial  Aspects  of  Thinning 

Biological  conditions  play  a  major  r 
determing  the  harvesting  practices  to  be  u 
in  a  loblolly  pine  plantation.  The  choice  ^ 
an  additional  intermediate  harvest  and  a 
harvest  should  be  attentuated  by  the  fi 
requirements  of  the  landowner.  Income  r 
ments,  market  conditions,  taxes,  and  any  nu; 
intangible  factors  could  influence  har 
methods.  The  stocking  reduction  applied  at 
was  designed  to  provide  a  range  of  timber 
values. 

An  attempt  to  assess  the  financial  ra 
tions  of  intermediate  harvests  on  29-y 
loblolly  pine  plantations  is  at  best  an 
task.   The  purpose  of  the  financial  data  pr 
is  to  show  that  pine  plantations  can  be  mo 
a  source  of  fiber  to  service  the  needs  of 
They  are,  to  many  nonindustrial  landowne 
investment   just   as   gold   or   silver, 
plantations   are   unique   because   they   < 
nurtured   to   optimum   financial   maturity 
judicious   thinnings   that   produce   inter 
income. 

Tables  5  to  8  present  standing  a 
volumes  and  values  for  the  age  11  and 
treatments.  Product  volumes  at  all  age 
were  computed  from  cubic-foot  volumes  in  T 
to  4  by  using  conversion  factors  publis 
Williams  and  Hopkins  (1968).  Product 
determinations  for  northwest  Louisiana  we: 
as  follows: 

1.   Pulpwood  1960:   $4.50/cord 

Source:   Actual  stumpage  paid  dur 
age  11  thinning; 
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IJlble  5. 


Standing  product  volumes  and  values  by 
Age  11  treatments 


:f!!l  eat- 
tiijnt 

\i 
!ifl 


Pulpwood 
Volume     Value 


Sawtimber 


Volume 


Value 


cords 
/acre 


dollars 
/acre 


Bd.Ft. 

/acre 

Doyle 


dollars 
/acre 


-Age  11- 


00 
00 
00 


00 
00 
00 


00 
00 

100 


3.5 
3.8 
5.8 


15.75 
17.10 
26.10 


-Age   29- 


1.8 
2.2 
2.2 


14.58 
17.82 
17.82 


6,570 
3,890 
3,130 


1,103.76 
653.52 
525.84 


-Age   34- 


1.8 
2.2 
2.1 


30.74 
37.57 
35.87 


7,830 
5,290 
4,240 


1,342.06 
906.71 
726.74 


Pulpwood  1978:   $8.10/cord  and 
Sawtimber:   $168.00/MBF  Doyle 
Source:   Louisiana  Forest  Products, 

Quarterly  Market  Report  No.  3, 

Nov.  30,  1978; 

Pulpwood  1983:   $17.08/cord  and 
Sawtimber:   $171.40/MBF  Doyle 
Source:   Louisiana  Forest  Products, 

Quarterly  Market  Report  2nd 

Quarter,  Aug.  1983. 


(  56  11  Treatments 

'I 

, I   Tables  5  and  6  depict  the  standing  and  cut 

;|jroduct  and  value  data  related  to  the  age  11 
iXeatments.  Standing  product  volumes  and  values 
(iffered  by  treatment  (Table  5).  Residual 
ulpwood  volumes  and  were  similar,  while  saw- 
limber  data  showed  that  the  100  TPA  volume  and 
■alue  were  twice  the  200  and  300  TPA  treatments. 
|hlnning  income  from  the  300  TPA  at  age  29 
ixceeded  the  100  TPA  by  $172.00  and  the  200  TPA 
y  $110.00.  Most  of  the  value  difference  was  due 
o  the  large  pulpwood  volume  removed  from  the  300 
PA  (Table  6).  Stand  value  at  age  29  totaled 
1,928.15,  $1,563,90,  and  $1 ,540. 17/acre  for  100, 
jOO,  and  300  TPA  treatments,  resulting  in  an 
|Verage  annual  return  of  $67.86,  $53.92,  and 
■53.10,  respectively. 

1  There  was  no  detectable  product  volume 
(increase  among  treatments  between  age  29  and  34. 
ndlvidual  tree  size  had  no  apparent  influence  on 
per  acre  sawtimber  growth.  Table  5  shows  that 
:awtlmber  growth  averaged  1,200,  1,400  and  1,100 


Table  6.   Cut  product  volumes  and  values  by  Age  11 
treatments. 


Treat-      PulpWood 
ment    Volume     Value 


Sawtimber 


Volume 


Value 


cords 
/■acre 


dollars 
/acre 


Bd.Ft. 

/acre 

Doyle 


dollars 
/acre 


100 

10.1 

47.25 

200 

6.7 

30.15 

300' 

5.1 

22.95 

Age  11- 


Age  29- 


100 
200 
300 


1.6 
6.5 
14.0 


12.96 

52.65 

113.40 


4,700 
4,820 
5,120 


789.60 
809.76 
860.16 


1,100  bd. ft. /acre  for  100,  200,  and  300  TPA 
treatments.  Value  increases,  which  reflect  growth 
and  stumpage  price,  for  the  respective  treatments 
were  $276.66,  $300.27,  and  $246.28.  The  average 
annual  increase  was  $55.33,  $60.05,  and  $49.26  per 
acre  for  100,  200,  and  300  TPA,  while  the  annual 
rate  of  return  on  the  residual  timber  capital  was 
4.9,  8.9,  and  9.0  percent. 


Age  29  Treatments 

Standing  product  volumes  and  values  prior  to 
thinning  for  each  age  29  treatments  were  related 
to  age  11  treatments.  Pulpwood  volumes  and  values 
were  related  directly  and  sawtimber  inversely. 
Through  age  29  the  average  annual  value  increase 
ranged  from  $37.59  to  $72.90  (Table  7  and  8). 
Although  site  quality  had  an  effect  on  some 
individual  treatment  results,  the  residual  stand 
volumes  and  values  of  the  100  TPA  treatment  plots 
thinned  to  25,  50,  or  75  TPA  were  greater  than  the 
similar  stocking  rates  at  200  or  300  TPA  (Table 
7).  Type  and  volume  of  product  varied  in  relation 
to  the  age  11  treatment  (Table  8).  Except  for  the 
75  TPA  stocking  level,  values  removed  to  obtain 
the  prescribed  age  29  stocking  levels  were 
comparable. 

Stand  data  at  age  34  (Table  7)  show  that 
highest  volume  and  value  yields  occurred  on 
treatments  2,  6,  and  9.  Value  Increase  on  these 
treatments  totaled  $288.87,  $380.33,  and  $292.58 
for  2,  6,  and  9.  The  respective  annual  rates  of 
return  on  the  residual  timber  capital  were  5.8, 
7.3,  and  6.7  percent.  Treatments  4,  5,  and  8, 
which  had  age  29  timber  capital  values  of 
$375.84,  $638.25,  and  $355.62,  produced  the 
optimum  rates  of  return  9.8,  8.3,  and  10.9 
percent. 
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Table  7.   Standing  product  volumes  and  values  by 
Age  29  treatments. 


Table  8.   Cut  product  volumes  and  values  by  .  j  25 
treatments. 


Treat- 

Pulpwood 

Sawtimber 

ment 

Volume 

Value 

Volume 

Value 

Bd.Ft. 

cords 

dollars 

/acre 

dollars 

/acre 

/acre 

Doyle 
9Q  _    _  . 

/acre 

I 

1.6 

-  Age 
12.96 

4,380 

748.80 

2 

2.4 

19.44 

5,710 

978.72 

3 

3.9 

31.59 

9,280 

1,590.63 

4 

1.6 

12.96 

2,160 

375.84 

5 

3.3 

26.73 

3,640 

638.25 

6 

5.0 

40.50 

5,710 

999.78 

7 

1.8 

14.58 

2,030 

355.62 

8 

3.1 

25.11 

2,490 

443.43 

9 

4.8 

38.88 

4,750 
34 

836.88 

-  -Age 

1 

1.6 

27.33 

5,550 

978.60 

2 

1.5 

25.62 

7,210 

1,261.41 

3 

3.1 

52.09 

10,470 

1,794.56 

4 

1.6 

27.33 

3,060 

551.51 

5 

3.3 

56.36 

4,830 

884.23 

6 

5.0 

85.40 

7,790 

1,335.21 

7 

1.7 

29.04 

2,540 

464.39 

8 

2.7 

46.12 

3,650 

671.73 

9 

4.7 

80.29 

6,350 

1,088.05 

CONCLUSIONS 

Biological  and  economic  criteria  can  be 
utilized  to  determine  harvest  methods  for  29- 
year-old  loblolly  pine  plantations  growing  at 
different  stocking  levels.  In  this  study, 
optimum  merchantable  growth  and  net  value  were 
obtained  where: 

1.  Residual  stand  average  diameter  ex- 
ceeded 12.6  inches; 

2.  Residual   stand   basal   area   ranged 
between  60  and  70  ft^/acre; 

3.  Residual  stand  merchantable 
ranged  between  1,600  and 
ft^/acre;  and 

4.  Residual  stand  value  ranged 
$875.00  and  $l,040/acre. 


volume 
2,100 

between 
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EFFECTS  OF  DIFFERENT  THINNING  REGIMES  ON 

GROWTH  AND  INVENTORY  OF  50-YEAR-OLD 

LOBLOLLY-SHORTLEAF  PINE  STANDsl' 
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Abstract. — A  study  was  begun  in  1949  to  determine  the 
effect  of  different  thinning  regimes  on  the  growth  and 
development  of  natural,  even-aged  loblolly-shortleaf  pine 
(Pinus  taeda  L. — P.  echinata  Mill.)  stands  in  the  West  Gulf 
Coastal  Plain.  When  these  stands  were  50  years  old  (in 
1979))  the  growth  from  ages  45  to  50  and  the  standing 
inventories  at  age  50  were  measured  and  analyzed.  Greater 
basal  area  growth  tended  to  be  associated  with  higher 
initial  densities,  and  volume  growth  was  less  for  the  more 
radical  treatments — thinning  from  below  to  70  square  feet 
of  less  or  basal  area.  Standing  volumes  at  age  50  varied 
by  treatment — but  were  less  for  thin-from-above  plots  when 
compared  to  thin-f rom-below  plots  of  the  treatment  that 
allowed  for  an  increase  in  residual  basal  area  with  each 
thinning. 


INTRODUCTION 


Beginning  in  the  1930's,  the  development  of 
iiLl-stocked,  natural,  second-growth  pine  stands 
il  the  West  Gulf  region  was  encouraged  by  or- 
j'lized  fire  protection,  the  adoption  of  cutting 
ilpactices  that  provided  for  leaving  a  seed 
sirce,  and  improved  low-grade  hardwood  control 
t:hniques.  With  an  increasing  interest  in  man- 
Sfing  these  young,  well-stocked  stands,  a  study 
livjs  established  during  1949  in  south  Arkansas  and 
r'rth  Louisiana  to  investigate  the  effect  of  type 
^a  intensity  of  thinning  on  the  growth  and  yield 
■4  young,  even-aged  loblolly-shortleaf  pine 
i4nus    taeda    L. — P.    echinata    Mill.)    stands.       This 


lljper  reports   on   that   study,    concentrating  on   the 
(jfet  remeasurement,    when  the   stands   were   50  years 


Paper  presented  at  Southern  Silvicultural 
search  Conference,  Atlanta,  Georgia,  November 
8,  1984. 

fjPrincipal  Mensurationists,  Forestry  Sciences 
boratory,  Monticello,  AR,  Southern  Forest  Ex- 
iriment  Station,  USDA  Forest  Service,  in 
jjoperation  with  the  Department  of  Forest 
!SOurces  and  Arkansas  Agricultural  Experiment 
■ation,    University   of   Arkansas   at    Monticello. 


STUDY  DESCRIPTION 

The  purpose  of  the  study  was  to  determine 
how  well-stocked,  natural  loblolly-shortleaf  pine 
stands  grow  and  develop  when  cut  under  different 
thinning  regimes,  some  with  changes  at  5-year 
intervals.  The  treatments  are  based  on  the  stand 
basal  area  of  loblolly  and  shortleaf  pines  3-6 
inches  d.b.h.  and  larger.  The  thinning  treat- 
ments  are    described    in   table    1. 

When  the  study  was  originally  designed  in 
1949,  nine  treatents  were  to  be  established  with 
three  replications.  Installation  was  to  be  on 
good  sites,  with  a  nominal  site  index  range  from 
85  to  90  feet  (loblolly  pine,  base  age  50).  A 
duplicate  installation  was  to  be  done  on  medium 
sites,  with  a  nominal  site  index  range  from  75  to 
80  feet.  No  specific  experimental  design  was 
mentioned  in  early  study  reports.  It  could  be 
interpreted  as  a  two-factor  design,  with  site  and 
thinning  regime  as  the  variables,  or  as  two  com- 
pletely randomized  designs  to  be  analyzed  separ- 
ately. Three  supplemental  treatments  were 
installed  5  years  after  the  initial  study  was 
begun.  These  additional  plots  were  set  up  on 
good  sites  and  were  also  replicated  three  times. 
Table  1  lists  all  12  thinning  treatments.  All 
the  site  index  values  are  for  loblolly  pine  at 
base  age  50  (U.S.  Department  of  Agriculture, 
Forest    Service    1976). 


241 


Table    1. — Description   of   thinning   treatments;    all 
thinning   done    at   5-year   intervals 


Treatnent         A^  at  initial      Residual  tasal 
thinning  area 


Type  of 
thinning-' 


5^B 

25 

55 

70-A 

20 

70 

70-B 

20 

70 

85-A 

20 

85 

85-B 

20 

85 

10O-A 

20 

100 

100-B 

20 

100 

115-B 

25 

115 

130-B 

25 

130 

INC-A 

20 

2j 

INC-B 

20 

2J 

J-vT 

20 

3/ 

U  k  =  thinned   from   above 
B   =   thinned   from   below 

2/ 

— '  The  initial  residual  basal  area  at  age  20  was 

70  square  feet  per  acre;  it  was  increased  5 

square  feet  per  acre  at  each  thinning  until  the 

residual  basal  area  reached  105  square  feet  per 

acre. 

—'Thinning    treatment   determined    every    5   years   by 
collective    judgment   of    field   personnel. 

—'Mostly    thinning    from    below    with   some    thinning 
^'tq'ti    above. 

The  good-site  plots  were  located  in  Ashley 
County,  Arkansas,  the  medium-sites  plots,  in 
Morehouse  Parish,  Louisiana.  The  Ashley  County 
plots  were  located  on  nearly  level  uplands,  where 
the  site  index  averaged  90  feet.  The  Louisiana 
plots  were  on  broad,  low  islandlike  ridges  in  the 
Ouachita  River  floodplain,  where  the  site  index 
averaged  73  feet.  Installation  was  done  in  the 
winter  of  1949-50.  The  supplemental  treatments 
were  set  up  on  plots  in  25-year-old  stands  on 
good  sites  located  in  Ashley  County,  with  a  site 
index  that  averaged  93  feet.  None  were  installed 
on   medium    sites. 

The  plots  were  circular,  0.1  acre  in  size, 
and  surrounded  by  33-foot  isolation  strips.  All 
the  Arkansas  plots  were  installed  in  stands  that 
had  seeded-in  after  a  12-inch  diameter-limit  cut 
of  the  virgin  timber  conducted  from  1927  to  1930. 
The  Louisiana  plots  were  in  stands  that  orig- 
inated from  a  1929  seed  crop;  wildfires  had 
ravaged  the  area  for  10  years  after  the  virgin 
timber  had  been  cut  to  a  14-inch  diameter  limit 
in  about  1918.  Both  areas  were  well  stocked  and 
had  not  been  cut  since  the  virgin  timber 
harvests.  Old  residual  pines  and  hardwoods  were 
avoided  when  the  plots  were  installed.  Burton 
(1980)   presents   further   details   on    the    stands. 


Thinning  from  below  favored  dominants 
removing  competing  trees  in  the  lower  . 
classes;  occasionally,  rough  dominants  wer 
and  codominants  left  instead.  Thinning 
above  favored  codominants  and  occasional  i 
mediates  by  removing  dominants.  The  jud( 
treatment  (J-J,  table  l)  was  mostly  from  b' 
but  occasionally  from  above.  Other  things 
equal,  loblolly  was  favored  by  removing  shor 
pine.  Fifteen  crop  trees  were  selected  on 
plot — these  trees  were  chosen  to  become  sawt 
and  are  cut  in  the  latter  stages  of  a  rota 
On  thin-from-below  plots,  dominants  were  sel 
for  crop  trees;  on  thin-f rom-above  plots,  i 
minants  were  usually  chosen.  Thinning  was 
to  promote  the  growth  of  the  crop  trees  \ 
maintaining   relatively  uniform    spacing. 
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All  hardwoods  3.6  inches  d.b.h.  and  1;  ler 
were  cut  when  the  study  was  installed;  sm£|er 
ones  were  killed  with  chemicals.  In  195M0 
years  later,  all  hardwoods  with  a  grounc:;jne 
diameter  of  1.0  inches  and  larger  were  inj6:Bd.  i 
Subsequent  hardwood  treatments  consisted  of  It- 
ting  any  hardwoods  with  a  1-inch  grounc ! 
diameter   or   larger  during  each  thinning. 

A  violent   windstorm    in    1970  destroyei 
plot    in    the    85-B    treatment    on    the    good-^|te 
location. 

ANALYSIS 

A  comprehensive  analysis  of  the  s  Jdy 
through  age  45  was  done  by  Burton  (1980).  lihe 
present  analysis  concentrates  on  the  per;  die 
annual  growth  in  basal  area  and  volume  from  |;es 
45   to    50   and    the    standing   inventory  at   age   I J 


The  same  merchantability  standards  usi 
Burton  (1980)  are  followed  in  this  anal 
Basal  area  is  in  terms  of  square  feet  per 
for  loblolly  and  shortleaf  pines  3.6  ir 
d.b.h.  and  larger.  Merchantable  cubic- 
volume  per  acre  is  the  solid  wood  conter 
loblolly  and  shortleaf  pine  trees  3.6  ir 
d.b.h.  and  larger  from  a  1-foot  stump  to  a  3 
merchantable  top,  inside  bark.  Sawtimber  c 
foot  volume  is  the  volume  of  loblolly 
shortleaf  pine  trees  9.6  inches  d.b.h.  and  1 
from  a  1-foot  stump  to  an  8-inch  top,  oui 
bark,  provided  that  the  merchantable  log  1 
is  at  least  16  feet.  Merchantable  length 
the  nearest  2  feet.  Merchantability  stanc 
for  board-foot  volumes  (Doyle,  Scribner, 
International  1 /4-inch  rules)  are  the  same  a 
sawtimber  cubic-foot  volume. 
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The  previous  analysis  (Burton  1980)  <1- 
culated  volumes  from  published  tables  (Mes.  '.ge 
and  Girard  1946,  Mesavage  1947).  The  presnt 
paper  uses  taper  equations  (Farrar  and  Murph;  in 
preparation)  to  calculate  volumes.  There;  ce, 
the  results  are  not  comparable  in  the  striclst 
sense.  The  stand  variables  studied  were  per  ilic 
annual  growth  or  production,  from  ages  45  t  'I'^i 
and  standing  inventories  at  age  50.  Periiic 
annual   growth   or   production   is   the   diffeisce 
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::bbween  the  before-cut  inventory  at  age   50  and 

=    after-cut    inventory    at    age    45,     less    any 

terim    mortality,     divided    by    5    years.       The 

sanding     inventory     refers     to    the    before-cut 

lume    or    basal    area    at    age    50.     Growth    and 

.sinding  inventory  in  terms  of  merchantable  basal 

:a;a,    sawtimber   basal    area,     merchantable    cubic- 

•fot  volume,    sawtimber   cubic-foot  volume,    and 

:.bard-foot  volumes  for  the  Doyle,  Scribner,  and 

ternational     l/4-inch    log    rules    were    all 

ailyzed. 


The  data  could  have  been  analyzed  in  two 
:d|fferent  ways.  One  would  have  been  to  analyze 
remaining  53  original  plots  and  the  9  supple- 
,nintal  plots  in  three  different  analyses  as  done 
I:  Burton  (1980),  the  other,  to  analyze  the 
cimbined  data  as  a  completely  randomized  design 
.;i  an  analysis  of  covariance  using  site  index  as 
:.ie  covariate.  Since  analysis  of  the  combined 
•■eta  was  of  paramount  interest,  analysis  of 
::cvariance    was   used. 

[i 

i         A  direct  estimate   of  site  index  was  avail- 

(i  le  for  the  plots  once  they  attained  50  years, 

le   standard    index   age    for   natural,    even-aged 

iuthern  pine    stands.      Using  average   height  of 

re  dominants   and  codominants  at  age   50  was  com- 

j.jicated  by   some    of   the    thinning    treatments    that 

.Ivolved   thinning   from   above  for  the  first  two 

Jtermediate    cuts.       However,     the    thinnings    from 

ilbsequent    cuts    were    always    from    below,    and    the 

Issible  bias  from   these  early      thinnings   may  not 

;■    significant.       To   determine    whether    or   not   any 

las  was  present,    the  site  index  determined  at 

.  |e    20   before    treatment    was    subtracted    from    the 

erage    height   of    the    dominants    and    codominants 

■    age    50.        If    a    bias    is    present,     it    should 

knifest   itself   in   larger   differences   for   the 

:  ^in-from-above    plots   versus    the    thin-f rom-below 

;  [Vots.     An  analysis  of  variance   was  performed. 

kthough  a  2-foot  difference   occurred  between  the 

;  ipo  types  of  thinning,    it   was  not   significant   at 

,  |(ie  5-percent  level,    and  the  heights  at  age   50 

;  l^re  used  as   the   covariate. 

J  More  detailed  multiple  comparisons  were  made 
^ing  Scheffe's  procedure  (Huitema  1980)  when 
j/erall    differences    were    detected    at    the    5-per- 

;  ent  level  of  significance.  A  comparison  of 
pinning  from  above  versus  thinning  from  below 

;  tas  made  by  contrasting  treatments  70-A,  85-A, 
IpO-A,  and  INC-A  with  treatments  70-B,  85-B,  100- 
and  INC-B.  Analysis  of  the  thin-f rom-below 
d  judgment  treatments  were  made  by  comparing 
fie  50-B,  70-B,  85-B,  100-B,  115-B,  130-B,  INC-B, 
id  J-J  treatments.  These  comparisons  were  made 
fily  for  the  thin-from-below  and  judgment  plots: 
hin-from -above  is  not  the  usual  practice  and  was 
|pt  compared.  Comparisons  were  made  using  the 
jdjusted  or  least-squares  means,  also  at  the  5- 
^rcent    significance    level. 


RESULTS 

Basal   Area   Growth 

There  were  significant  differences  in  treat- 
ments for  merchantable  basal  area  growth.  The 
covariate  site  index  was  also  significant  with  a 
negative  coefficient,  probably  due  to  suppression 
mortality  on  high  site  index  plots.  No  differ- 
ences were  detected  when  comparing  thinning  from 
above   to  -thinning  from  below. 

Growth  from  the  thinning  from  below  and 
judgment  treatments  ranged  from  2.4  square  feet 
per  acre  per  year  for  the  70-B  treatment  to  3.5 
square  feet  for  the  I30-B  treatment  (table  2). 
The  comparisons  for  the  thin-from-below  and 
judgment  plots  are  shown  in  table  2.  The  reader 
should  remember  that  these  comparisons  in  the 
table  do  not  involve  the  thin-from-above  treat- 
ments and  that  the  growth  figures  are  adjusted  by 
the  covariate.  In  general  terms,  merchantable 
basal  area  growth  increases  with  increasing  basal 
area  with  some  exceptions.  A  significant  dif- 
ference was  not  detected  for  sawtimber  basal  area 
growth. 

Cubic  Volume  Growth 

Merchantable  cubic-foot  volume  growth  varied 
significantly  among  treatments.  A  comparison  of 
thinning  from  above  versus  thinning  from  below 
for  the  70,  85,  100,  and  increasing  basal  area 
treatments  indicated  a  significant  difference. 
Growth  was  less  on  the  treatments  thinned  from 
below.  This  contrast  was  significant  only  for 
merchantable  cubic-foot  volume  growth.  Compar- 
isons for  merchantable  cubic-foot  volume  growth 
for  judgment  and  thin-from-below  treatments  are 
given  in  table  2  under  the  column  labeled  MCF. 
In  general,  the  heavily  thinned  plots  produced 
less  growth  for  the  period.  No  clear-cut  trends 
B,  100-B,  115-B,  130-B,  and  INC-B  treatments  all 
have  higher  growth  rates  than  the  55-B  and  70-B 
ones  (table  3). 

Sawtimber  cubic-foot  volume  growth  differ- 
ences were  also  significant.  The  contrast  of 
thinning  from  above  versus  thinning  from  below 
revealed  no  significant  differences.  Comparisons 
of  the  thin-from-below  and  the  judgment  treat- 
ments are  shown  in  table  3,  column  SCF.  The  most 
heavily  thinned  plots  produced  less  growth  than 
the  more  lightly  thinned  ones  for  these  treat- 
ments . 

Board-Foot   Volume   Growth 

Board-foot  volume  growth  measured  by  the 
Doyle  rule  did  not  vary  significantly  among  the 
treatments.  Doyle  growth  averaged  735  board  feet 
per  acre  per  year,  based  on  adjusted  means  (table 
3). 
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Table  2. — Adjusted  means  for  periodic  annu&- 
basal  area  growth  per  acre  for  loblolly-shortleai 
pine   plots,    age   45   to   50,    by   treatment 


Treatments 

Me 

rchan table 
sal   areal' 

Sawtimber 

ba 

ba 

sal   area 

-ft2— 

55-B 

2.5ab 

2.3 

70-A 

2.5 

2.5 

70-B 

2.4a 

2.4 

85-A 

3.2 

3.0 

85-B 

3.1bcde 

3.0. 

100-A 

3.2 

3.1 

100-B 

2.9abcd 

2.9 

115-B 

3.1bcde 

3.0 

130-B 

3.5e 

3.2 

INC-A 

3.4 

2.9 

INC-B 

3.1bcde 

3.1 

J-J 

2.6abc 

2.6 

Board-foot  growth  as  measured  b  ,. 
bcribner  rule  was  significant  for  the  p«-;{; 
Comparisons  for  the  thin-from-below  and  jucibnt] 
treatments  are  in  table  3  under  the  c  i'min 
labeled  BFS.  Adjusted  periodic  growth  riljed 
from  617  board  feet  for  the  55-B  treatment  1  Ig^ 
board  feet  for  the  INC-B  treatment  (tab  .'  ^ 
column  BFS)  for  these  comparisons;  board- 
growth  was  lowest  for  the  heavily  thinned  •  jjts, 
No  significant  difference  was  detected  fo 
-cove    versus    below    thinning   contrast. 

The  results  for  the    International    l/4 
.  .-le   were   somewhat  similar  to  those  for  sawt.. 
cubic-foot   and   Scribner  board-foot  growth.       |re 
was    an   overall    significance,    and    comparison  lor 
the    thinning-from-below    and    judgment    treat  |ts 
are    given    in    table    3   under    the  -column    lal|e 
BFI.       Growth   ranged    from    673   to    1,102  board;  het 
on  an  adjusted  basis  for  the  lowest  and  hi; 
treatments    (table     3).        No    differences 
detected    for    thin-f rom-above    versus  thin- 
below. 


st 

re    I 
ffi-  i 


—'Adjusted  treatment  means  followed  by  the  same 
letter  are  not  significantly  different  at  the  5- 
percent  level. 


Standing   Inventory 

1 
j 
An  analysis  of  covariance  was  also  perf  .led 
for    the    standing    inventories.       However,,  ;.he 
within-group  regression  slopes  were  not  hiio- 
geneous,     indicating    a    treatment-slope    iL:jr- 
action.      The   analysis   of   covariance    was   abanr.l 
in    favor   of   a   two-factor  analysis   of  var;i 


Table  3.  —  Adjusted  means  for  periodic  annual  volume  growth  per 
acre  for  lobl o 1 ly-shor tleaf  pine  plots,  age  45  to  50,  by 
treatment . 


Treatment 

Variablel. 

2_2 

/ 

MCF 

SCF 

BFD 

BFS 

BFI 

-_    -_ft3_ 

_fhm-     

55-B 

101a 

102a 

536 

617a 

673a 

70-A 

124 

131 

682 

809 

888 

70-B 

112a 

1  I6ab 

616 

722ab 

783ab 

85-A 

165 

165 

819 

1 

,014 

,114 

85-B 

152bc 

163c 

782 

980c 

,  088c 

100-A 

173 

180 

842 

1 

,081 

,206 

100-B 

150bc 

I64c 

735 

966c 

,089c 

1  15-B 

146bc 

150bc 

723 

903bc 

997bc 

130-B 

162c 

I63c 

752 

960bc 

,077c 

INC-A 

169 

160 

767 

972 

,074 

INC-B 

154bc 

I65bc 

788 

994c 

,  102c 

J-J 

130ab 

136abc 

693 

841abc 

921abc 

1  / 

—'MCF  =  merchantable  cubic  feet 

SCF  =  sawtimber  cubic  feet 

BFD  =  board  feet,  Doyle  rule 

BFS  =  board  feet,  Scribner  rule 

BFI  =  Board  feet,  International  l/4-inch  rule 

—'Adjusted  treatment  means  followed  by  the  same  letter  are  not 
significantly  different  at  the  5-percent  level. 
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Ijith  thinning  regime  and  site  as  the  variables, 
supplemental   plots   were  excluded  because   thev 

ijji-e  found  only  on  the  good-site  area.  Separate 
ilyses    of   merchantable    and    sawtimber   basal 

,>as,  merchantable  and  sawtimber  cubic-foot 
.umes,  and  board-foot  volumes  for  the  Doyle, 
•ibner,  and  International  1/4-inch  rules  at  age 
were  done.  Both  site  and  treatment  were  sig- 
:icant  at  the  5-percent  level,  but  the  site- 
atment  interaction    was  not. 


-able  4.— Treatment  means  for  merchantable  and 
sawtimber  basal  areas  per  acre  for 
loblolly-shortleaf  pine   plots,    age   50. 


m 


Treatment 


Merchantable 
basal  area 


Variable 


Sawtimber 
basal   area 


-ft^ 


Pairwise    contrasts    were    also    made    of    above 

•BUS  below    thinning  for   the    70,    35,    100,    ard 

~  t'"eatments.      No   comparisons   were    made    ior 

^■fe\'ent   basal    area    levels,    because    basal    areas 

:  volumes  at  age    50  are   functionally   related   to 

,3(,-3idual   basal   area   at  age   45.      No   significant 

jjj'ferences   in   contrasts   were   found   for   merchan- 

3le    basal    area    and    merchantable    cubic-foot 

jj^Lumes.      But    the    contrasts   between    INC-A   and 

:'p-B   were    significant    for    sawtimber    basal    area 

1  sawtimber  cubic-  and  board-foot  volumes.      The 

srage   basal    area    in    sawtimber   for   the    INC-A 

:  =  atment    was    92.3    square     feet    versus     110.7 

=  jare    feet    for    INC-B    (table    4).       It    is    not 

arising  that  the   sawtimber  volume   contrasts  are 

j)^30   significant.      For   example,    the   sawtimber 

irentory    as    measured    by    the    Doyle    rule    was 

123   board    feet    for    the    INC-A    treatment   versus 

,846   for    the     INC-B    treatment    (table    5).        A 

^,;3sible    reason    for    the    difference    in    sawtimber 

,pal    area    and    volumes    is    that    the    first    two 

'tinnings    in    the    INC-A    treatment    reduced    the 

ttio  of  sawtimber  to   merchantable   basal   ares. 

icreasing  the  ratio  by  later  thinning  was  con- 

ained    by    a    combination    of    increases       - 

•  =  '-dual   basal    area   dictated  by   the   treatment   ■'■-'' 

decline   in  basal   area  growth   with  age. 


INC-A 

110.6 

INC-B 

110.7 

J-J 

86.6 

100-A 

112.1 

lOO^B 

107.1 

70-A 

84.3 

70-B 

83.5 

85-A 

100.0 

35-B 

101.1 

92.3 
110.7 

86.6 
106.2 
107.1 
82.5 
82.6 
91.7 
98.8 


:ONCLUSION 


This  analysis  was  limited  to  basal  area  and 
volume  growth  for  ages  45  to  50  and  the  standing 
inventories  at  age  50.  Extension  of  these  results 
to  other  ages  should  be  done  with  caution.  It 
appears  that  heavy  thinning  that  leaves  55  or  70 
square  feet  adversely  affects  both  periodic  basal 
area  and  volume  growth  at  ages  45  to  50.  How- 
ever, few  differences  were  apparent  in  the 
lighter  thinning  treatments.  Thinning  from  above 
versus  thinning  from  below  affected  only  merchan- 
table cubic-foot  growth.  There  were  overall 
differences  for  all  variables  except  sawtimber 
basal  area  growth  and  board-foot  growth  using  the 
Doyle   rule. 

There  were  overall  differences  in  the 
standing  inventories  at  age  50.  The  sawtimber 
inventory  for  both  basal  area  and  volume  was 
significantly  less  for  the  INC-A  versus  the  INC-B 
treatment. 


Table     5-  —  Treatment     means     ^o-  '.'.;-     and     board-foot    standing 

volumes    per    acre    for    loblolly-shortleaf    pine    plots,     age    50. 


Variable 

Treatment 

Merchanta 

ble 

Saw ti  mb 

sr       Doyle 

Scribner 

Int.    1/4-inch 

volume 

vol ume 

rule 

rule 

rule 

-ft3- 

f  hm  - 

INC-A 

3,736 

2,855 

10,123 

15,135 

17,627 

INC-B 

4,001 

3,669 

13,846 

19,885 

22,945 

J-J 

3,144 

2,938 

11 ,754 

16,237 

18,529 

100-A 

3,975 

3,415 

12,451 

18,303 

21,244 

100-B 

3,784 

3,348 

11 ,671 

17,648 

20,661 

70-A 

2,935 

2,655 

10,832 

14,682 

16,705 

70-B 

2,933 

2,716 

1 1 ,007 

15,026 

17,090 

85-A 

3,484 

2,993 

11,432 

16,262 

18,691 

85-B 

3,625 

3,269 

12,684 

17,864 

20,508 
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Selection  of  a  thinning  regime  should  ta 
into  account  growth  throughout  a  whole  rotatijr 
and  not  just  one  growth  period  or  the  final 
standing  volume.  This  point  is  especially  impor- 
tant for  board-foot  volume  growth,  since  many 
thinning  techniques  tend  to  accelerate  sawtimber 
production  rather  than  raise  the  total  production 
during  the  rotation.  Future  analyses  will  con- 
sider these  aspects  of  growth  and  yield. 
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CLONAL  RESISTANCE  TO  AND  INCIDENCE  OF  THE  POPLAR  BORER  IN 
SOUTHERN  COTTONWOOD  PLANTATIONS  -^ 

2/  2/  3/  2/ 

T.  E.  Nebeker,—  J.  J.  Schmitt,—  J.  D.  Solomon,—  and  C.  R.  Honea— 


Abstract.  Considerable  experimentation  has  been 
undertaken  to  understand  how  the  genetic  superiority 
of  fast  growing  clones  of  Populus  deltoides  Bartr. 
can  be  exploited  through  breeding  and  selection.  As 
the  selection  process  continues  for  clones  with 
desirable  characteristics,  such  as  growth  and  survival, 
the  impact  from  insects  must  be  considered  as  well. 
Of  4,388  trees  examined  in  ten  clonal  plantations,  19.5% 
were  observed  to  have  been  attacked  by  the  poplar  borer. 
Higher  infestation  rates  were  observed  in  older  cotton- 
wood  settings.  Interestingly,  the  genetic  material  from 
Issaquena  County,  Mississippi  had  the  lowest  infestation 
rate  in  comparison  to  other  geographic  sources.  This 
suggests  the  possibility  of  a  geographic  difference 
which  may  be  taken  into  consideration  when  selecting 
clonal  material  for  propagation. 


INTRODUCTION 

Eastern  cottonwood  (Populus  deltoides 
rtr.)  has  received  considerable  attention 
the  recent  past  as  a  commercial  species, 
ipid  growth  rate,  ease  of  vegetative  pro- 
Igation,  dioecism,  and  early  attainment  of 
Ixual  maturity  are  properties  that  have  lent 
is  species  to  several  breeding  programs 
r  developing  genetically  superior  clones. 
,  conjunction  with  these  programs  is  the 
jncern  of  mortality  and  degrade  due  to  in- 
lets and  diseases.  Of  10  major  pests  of 
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cottonwood  described  by  Morris  et  al .  (1975), 
the  poplar  borer,  Saperda  calcarata  Say 
(Coleoptera:  Cerambycidae)  is  one  of  the  more 
abundant  species  attacking  the  trunks  of 
cottonwood  in  the  lower  Mississippi  Valley. 
In  Canada  and  the  Great  Lakes  states,  its 
hosts  also  include  quaking  aspen 
(£.  tremuloides  Michx. ),  bigtooth  aspen 
{P_.   grandidentata  Michx.)  (Peterson  1947, 
Graham  and  Harrison  1954,  and  Ewan  1960)  and 
balsam  poplar  (P^.  balsamifera  L.) 
(Drouin  and  Wong  1975). 

Adults  of  the  poplar  borer  emerge  in  early 
summer  and  begin  feeding  on  young  twigs, 
petioles  and  foliage  of  various  poplars  and 
willows.  After  mating,  eggs  are  laid  in  niches 
constructed  by  the  female  on  the  main  stem. 
Usually  there  are  2  eggs  per  niche  with  the 
possibility  of  several  niches  being  joined. 
After  2-3  weeks,  eggs  hatch  and  the  larvae  begin 
feeding  on  the  sapwood.  Active  borer  attacks  are 
characteristically  marked  by  a  wet  ooze  and  fine, 
fibrous  frass  that  is  extracted  by  the  larvae  as 
they  feed.  Maturing  larvae  begin  to  tunnel 
directly  into  the  heartwood  and  upon  reaching  the 
main  axis  turn  vertically  upward  in  the  stem.  The 
poplar  borer  passes  through  5  instars  and  pupates 
near  the  end  of  the  tunnel  or  gallery.  The  life 
cycle  duration  is  2-4  years  in  the  Lake  States 
region,  but  is  probably  shorter  in  the  South. 
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The  poplar  borer  usually  attacks  cotton- 
wood  3  years  and  older  (Abrahamson  and 
Newsome  1972).  The  rough,  thickened  bark  of 
large  quaking  aspen  tends  to  be  less  suitable 
(Ewan  1960)  for  oviposition.  The  larvae,  when 
boring,  provide  infection  courts  for  Hypoxylon 
pruinatum  (Klotsche)  Cke.,  a  highly  parasitic 
fungus  (Graham  and  Harrison  1954).  Clusters 
of  larvae  tunneling  close  together  may  riddle 
portions  of  the  trunk.  These  heavy  infesta- 
tions, which  may  also  be  accompanied  by  wood- 
pecker attack  and/or  fungal  decomposition, 
structurally  weaken  the  trees,  making  them 
more  susceptible  to  wind  breakage. 

Most  of  the  research  regarding  the  poplar 
borer  has  been  conducted  in  Canada  and  the 
Great  Lakes  states.  Our  objectives  were  to 
evaluate  older  cottonwood  plantations  for 
impact  and  potential  clonal  resistance  to  the 
poplar  borer. 


METHODS  AND  MATERIALS 

Evaluation  of  cottonwood  clones  for  the 
presence  of  the  poplar  borer  took  place  in  ten 
experimental  areas  (ranging  in  age  from  6-16 
years  and  maintained  by  U.S.  Forest  Service 
personnel  and  by  cooperating  forest  industries) 
(Fig.  1).  Five  studies  identified  by  the  U.S. 
Forest  Service  as  the  80  Clone,  Storage, 
Advanced  Cottonwood  Clonal,  Provenance,  and 
Full  Sib-Genetics,  located  near  Stoneville, 
Mississippi,  were  surveyed  in  the  winter  of 
1981-82.  Three  areas  identified  as  New 
Clearing,  Old  Site  I  and  Old  Site  II  located 
near  Krotz  Springs,  Louisiana  plus  2  studies. 
Hooker's  Ridge  and  Fox  Creek  near  Vicksburg, 
Mississippi,  were  surveyed  in  the  winter  of 
1982-83.  All  study  areas  had  been  thinned 
manually  and  all  residual  trees  (dead  or  alive) 
were  observed  to  determine  poplar  borer 
infestation  levels.  Data  collected  included 
tree  number,  clone  number,  diameter  of  infested 
trees,  borer  activity  (active  or  inactive), 
height  of  activity,  and  cardinal  direction  of 
activity  (0-360°). 


RESULTS  AND  DISCUSSION 

In  total  19.5%  of  the  trees  surveyed  were 
under  attack  or  had  been  attacked  (Table  1). 
The  lowest  infestation  rates  occurred  in  the 
6-7  year  old  studies  (2-6%),  with  higher 
infestation  rates  being  observed  in  the  older  stu- 
dies. Fox  Creek,  an  excellent  site  for  cotton- 
wood (Cooper,  personal  communication)  had  only 
a  3.9%  infestation  rate.  The  infestation  rates 
observed  in  the  various  studies  were  much  higher 
than  expected  (i.e.  45%  in  a  13  year  old  plan- 
tation) and  suggests  that  management  of  cotton- 
wood plantations  should  consider  possible 
control  tactics  to  reduce  the  impact  of  the 
poplar  borer  in  these  settings. 


Figure  1.  Locations  of  cottonwood  plantati 
and  related  studies. 


Of  the  858  infested  trees  surveyed,  31 
(36%)  were  dead.  One  hundred  ninety-eight 
trees  (23%)  possessed  multiple  attacks  (mc 
than  1  group  of  several  larval  attacks-"br 
trees")  of  which  61  were  dead.  In  other  v 
only  20%  of  the  dead,  infested  trees  posse 
multiple  attacks  and  these  attacks  althouc 
probably  contributing  to  the  mortality  wer 
necessarily  the  terminal  factor.  Brood  tr 
are  characterized  by  a  heavy  reinfestatior 
Peterson  (1947)  and  Drouin  and  Wong  (1975J 
reasoned  that  this  was  due  to  high  numbers 
emerging  females  that  were  unable  to  fly  c 
malformed  wings.  The  cause  of  this  malfor 
mation  was  unknown.  No  observations  regar 
adult  conditions  were  made  during  this  sti 
In  looking  at  the  frequency  of  trees  with 
or  more  attacks  the  tendency  was  for  soli1 
attacks.  An  attack  is  defined  as  1  or  seve 
larvae  boring  at  the  same  location  and  as'. 
it  was  the  result  of  a  single,  females 
ovipositional  activity.  We  observed  657  i 
with  a  single  attack,  144  with  2,  37  with 
14  with  4,  6  with  5  or  more  with  more  thar 
attacks  per  tree. 
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le  1.  Incidence  of  poplar  borer,  Saperda  calcarata  Say,  in  ten  clonal  cottonwood  plantations. 


Infested  Trees 


d^ 


Active  and 
Active    Non-Active    Non-Active 


Total      Total 
Total    Unifested    Trees   %  Infestation 


Clone 
yr.  old) 

rage 
yr.  old) 

anced  Cotton- 
d  Clonal 
yr.  old) 

venance 
yr.  old) 


23 


28 
58 


1  Sib-Genetics 
yr.  old)     97 


Clearing 
yr.  old) 

Site  I 
yr.  old) 

Site  II 
yr.  old) 

ker's  Ridge 
yr.  old) 

Creek 
yr.  old) 


12 
14 

15 


30 
10 

10 

100 

168 

42 

133 

46 

8 

7 


5 
3 

3 
12 
10 
2 
8 
6 


58 
15 

41 
170 
275 

56 
155 

67 

13 


212 
67 

674 
333 
717 
252 
189 
206 
708 
172 


270 
83 

715 

503 
992 
308 

344 
273 
721 
179 


21.5 
19.3 

5.7 
33.8 
27.7 
18.2 
45.1 
24.5 
1.8 
3.9 


\M 


255 


554 


49 


858 


3,530 


4,388 


19.5 


lef  The  mean  height  and  cardinal  direction  of 
tnack  was  2.3  +  0.05m  and  189.6°,  respec- 
jely.  Overall,  a  skewed  distribution  to  the 
ler  portion  of  the  bole  was  observed.  In 
nger  plantations  the  mean  height  was  lower 
jn  in  older  plantations.  Utilizing  the  mean 
orestation  height  and  age  of  the  study,  a 
itive  linear  relationship  was  observed.  A 
ght  preference  exists  for  the  south  and  west 
„  ects.  Peterson  (1947)  suggested  a  potential 
jtjference  to  more  heat  intensive  portions  of 
king  aspen  in  Canada,  but  this  may  not  be  as 
]tical  in  the  South.  Since  cardinal 
ection  was  recorded  from  0-360°  in  a  normal 


distribution  a  random  attack  pattern  would 
result  in  a  mean  of  180°. 

Infestation  rates  of  clonal  material  propa- 
gated commercially  and  present  in  these  experi- 
mental areas  are  presented  in  Tables  2  and  3. 
The  0%  infestation  rates  (Table  2)  may  be 
misleading  since  overall  infestation  rates  were 
lowest  in  the  younger  material  and  does  not 
necessarily  suggest  resistance  to  the  poplar 
borer.  Of  all  Stoneville  clones  in  the  older 
plantations,  St  240  had  the  highest  infestation 
rate  while  St  244  had  the  lowest  of  the  release 
clonal  material  present. 
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Table  2.  Incidence  of  the  poplar  borer,  Saperda  calcarata  Say,  in  released  clones 
in  6-7  year  old  plantations. 


Infested  Trees 


Active  and  Total       Total 

Clone   Active   Non-Active   Non-Active    Total    Uninfested    Trees    %   Infestation 


t  66 

- 

67 

- 

74 

- 

92 

1 

109 

- 

148 

- 

163 

- 

240 

1 

244 

2 

259 

- 

261 

_ 

- 

20 

20 

0.0 

- 

18 

18 

0.0 

- 

18 

18 

0.0 

2 

17 

19 

10.5 

- 

19 

19 

0.0 

- 

18 

18 

0.0 

- 

16 

16 

0.0 

2 

18 

20 

10.0 

2 

17 

19 

10.5 

- 

21 

21 

0.0 

_ 

20 

20 

0.0 

TOTAL 


202 


208 


2.9 


Table  3.  Incidence  of  the  poplar  borer,  Saperda  calcarata  Say,  in  released  clones  in  10-16 
year  old  plantations. 


Clone    Active 


Infested  Trees 


Non-Active 


Active  and 
Non-Active 


Total 


Total 
Unifested 


Total 
Trees 


%   Infestation 


St  66 

4 

8 

67 

3 

11. 

74 

1 

9 

92 

1 

13 

109 

1 

10 

240 

6 

11 

244 

1 

2 

1 

13 

39 

52 

25.0 

- 

14 

25 

39 

36.9 

- 

10 

33 

43 

23.2 

1 

15 

22 

37 

40.5 

1 

12 

16 

28 

42.9 

2 

19 

18 

37 

51.3 

_ 

3 

35 

28 

10.7 

TOTAL 


17 


64 


86 


188 


264 


28.8 
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Trees  that  are  attacked  by  the  poplar 
er,  especially  those  that  have  multiple 
icks,  i.e.  brood  trees,  are  more  subject  to 
ige  (breakage)  during  high  winds  than  non- 
jsted  material.  We  observed  this  in 

reus  plantations  and  especially  in  those 
itations  that  had  been  thinned.  There- 
as  part  of  the  thinning  guidelines 
jould  suggest  the  removal  of  infested 
;s,  especially  those  with  multiple  attacks, 
jecrease  future  poplar  borer  populations 

wind  damage. 

Genetic  material  from  Issaquena  County, 
jissippi  had  the  lowest  infestation  rate 
i%)   in  comparison  to  the  other  geographic 
-ces  available  in  the  selected  study  areas 
:h  ranged  from  a  low  of  20%  to  a  high  of 
i%.     Issaquena  County  is  the  southern-most 
ity  that  was  represented  in  the  study.  This 
graphic  pattern,  i.e.  lower  infection  and/or 
^station  rate  for  trees  from  the  South  was 
Drted  for  cottonwood  leaf  beetle  (Chrysomela 
ipta  F. )  (Oliveria  and  Cooper  1977)  and 
jmpsora  rust  (Melampsora  medusae 
n.)(Cooper  and  Filer  1977)  in  cottonwood. 
/eria  and  Cooper  (1977)  suggested  that  the 
Ddble  explanation  for  this  apparent 
istance  is  the  extended  growing  season  and 

what  more  vigorous  overall  growth  of  more 
therly  sources. 
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THE  NET  RETRIEVAL  SEED  COLLECTION  SYSTEM  IN  SOUTHERN  REGION  SEED  ORCHARDS 

AN  ECONOMIC  STUDY  1/ 


James  L.  McConnell  2/ 
Jerry  L.  Edwards  27 


Abstract. — In  1983  and  1984,  the  Forest  Service,  Southern  Region, 
collected  seed  in  loblolly  seed  orchards  using  the  net  retrieval 
system.  Collection  costs  vary,  and  the  size  of  the  crop  to  be 
collected  is  inportant  economically.  An  analysis  and  comparison 
of  costs  are  presented. 


INTRDDUCTION 

Seed  orchard  managers  have  found  the 
traditional  loblolly  pine  cone  collection  method 
to  be  an  overwhelming  job.  Orchard  raraets  have 
grown  taller,  intensified  orchard  management  has 
increased  cone  production,  and  new  generation 
orchards  have  been  planted  and  are  approaching 
on-line  status  quickly.  All  of  these  factors 
have  made  the  need  to  improve  methods  of 
collecting  seed  for  regeneration  a  high  priority 
program. 

The  seed  collection  system  described  here  is 
an  extension  of  the  original  work  of  the  Georgia 
Forestry  Conmission.  The  USDA  Forst  Service 
developed  a  system  to  retrieve  nettirq  placed  in 
the  orchard  floor  to  collect  seeds.  Netting 
deployed  over  the  entire  orchard  floor  is 
retrieved  after  the  cones  have  ripened  and  the 
seeds  have  fallen  onto  the  net.  One  end  of  the 
net  is  attached  to  an  aluminum  core  on  the  net 
retrieval  machine.  The  machine  then  rolls  the 
net  onto  the  core.  Seeds  as  well  as  straw  and 
other  debris  are  transferred  from  the  net  to  the 
retrieval  equipment,  and  from  there  to  the  seed 
separator  (modified  peanut  combine)  which 
separates  the  seed  from  the  most  of  the  unwanted 
material . 

Use  of  the  system  extends  the  collection 
period,  allows  a  small  crew  to  do  the  entire  job 
and  eliminates  tree-climbing  or  working  out  of 
bucket  trucks  or  man-lifts.  Because  it 
eliminates  the  need  for  tree-climbing,  use  of  the 
system  creates  a  safer,  more  productive,  and  less 
labor-intensive  method  of  cone  and  seed 
collection.  Using  the  net  retrieval  seed 
collection  system,  a  five-person  crew  can  collect 
seeds  from  40  to  60  acres  of  loblolly  pine  during 
an  extended  season. 


V  Paper  presented  at  the  Third  Southern 
Silvicultural  Research  Conference,  Atlanta, 
Georgia,  November  7-8-,  1984. 

2/  James  L.  McConnell,  Regional  Geneticist, 
Jerry  L.  Edwards,  Mechanical  Engineer,  USDA 
Forest  Service,  Southern  Region,  1720  Peachtree 
Rd.,  NW,  Atlanta,  Georgia  30367. 


GENERAL 

Description  and  Cost  of  Equipment 

Net. — Polypropylene  plastic,  16.5 
length  variable,  (average  is  600  feet), 
count  6X8  per  square  inch.  Cost:  $316 
price)  for  three  orchards  (350  acres), 
life  is  10  years. 

Core. — Aluminum  alloy  6063-T6,  sizn 
inches  outside  diameter.  Length  17  fe^ 
inches.  Cost:  $14,040  (1982  price), 
life  is  20  years. 

Net  Retrieval  Equipment. — Net  retr 
collection  machine,  netting  transport  t 
with  crane,  and  tractor -mounted  tree  sh 
Cost:  $144,408  (1982  price)  for  three 
Expected  life  is  20  years. 


1983  COLLECTION 


Net  Collection 


In  1983,  1,649  pounds  of  loblolly  ite  s 


were  collected  from  141  acres  at  three 


it  w 
^ave 
14  ( 
{pec 


S.O 
3 

3ecti 


jal: 
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;  ;r. 
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Region  seed  orchards.  CVerall,  1983  wai  lot 
good  seed  collecton  year;  total  product  i  an 
yield  were  down.  The  seeds  were  collec 3  at 
following  orchards:  Francis  Marion,  So 
Carolina;  Erambert,  Mississippi;  and  St 
Louisiana. 


Variable  costs. — Labor,  general-ty] 
equipment  (vehicles,  v^eel  tractors,  et' 
$29,920. 

Fixed  annual  costs. — 


Item 
Nettirq 
Cores 
Retrieval 
Equipment 


Total  Cost 
$316,214 
14,040 
144,480 


Expected 

Life 
10  Years 
20  Years 
20  Years 


Amt 


Total 
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inua 

:iza 

,62 

70 

',22 


1,54 


Inblolly  cones  collected  in  1983  from  the 
orchards  yielded  1.14  pounds  of  seeds  per 
el  of  cones.  The  seeds  collected  from  the 
ing  system  weighed  1,649  pounds.  The 
valent  number  of  bushels  of  cones  required  to 
d  the  seeds  obtained  from  the  netting  is 
6  (1,649  pounds  divided  by  1.14  pounds  per 
el  =  1,446  bushels  of  cones).  The  collection 
,446  bushels  of  cones  obtained  by  contract  or 
e  account  (using  Forest  Service  workers) 
d  have  been  $33  per  bushel: 
■y   Collection  $30 

Drying  and  extraction  2 

Transportation  to  extractory        1 

$33 


Cost  of  Net  Collection  1983 


Category 
Variable  cost 
Fixed  cost 

Total 
*No.  of  acres  =  141 


Total 

Cost 
$29,920 

39,547 
$69,467 


$/Acre 
^212* 
280 
$492 


CONE  COLLECTION 


of  cone  collection  FY  1983  (hypothetical) 


$47,718  (1,446  bushels  X  $33/bushel) 
arisen  of  Costs  (cone  collection  versus 


ing  System) , 


$69,467  Cost  of  net  collection 
-47,718  Cost  of  cone  collection 
$21,749  Gone  collection  would  have  been 
economical . 

FISCAL  YEAR  1984  COLLECTION 


Collection 


In  Fiscal  Year  1984,  4,529  pounds  of 
lolly  pine  seeds  were  collected  from  216  acres 
,j,i  the  netting  systems  from  the  three  Forest 
ice  seed  orchards  mentioned  earlier.  Seed 
j^ Ruction  was  spotty,  east  coast  collections 
;  light,  but  gulf  coastal  collections  were 
to  heavy. 


Variable  costs. — Labor,  general-type 
pment  (vehicles,  wheel  tractors,  etc.) 


Fixed  Annual  Costs. — Net  retrieval  equipment 
materials  (netting,  cones,  etc.)  $39,547.*See 
t  of  FY  1983  Fixed  Annual  Costs. 


of  Net  Collection  1984 


-jftegory 


Total  Cost 

■able  Cost      $48,575 
^  Costs         39,547 
Total    $88,122 

of  acres  =  216 


$/Acre 

$225* 

183 

408 
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CONE  COLLECTION 

liDblolly  yield  in  1984  was  1.43  pounds  of 
seeds  per  bushel  of  cones.  The  netting  system 
collected  4,529  pounds  of  seeds.  The  equivalent 
number  of  bushels  of  cones  required  for  this  seed 
yield  is  3,167.  This  total  is  derived  as 
follows: 

4,529  pounds  of  seed  divided  by  1.43 
bushels/pound  =  3,167  bushels. 

The  collection  of  3,167  bushels  of  cones 
obtained  by  contract  or  force  account  (using 
Forest  Service  workers)  would  have  been 
$33/bushel  or  $104,511. 

Collection  $30 

Drying  and  extraction  2 

Transportation  to  1 
Extractory 

Total  $33 

Cost  of  cone  collection  versus  netting  system: 

$104,511  cost  of  cone  collection 
-  88, 122  cost  of  net  collection 
$  16,389  Net  collection  would  have  been 
more  economical. 

A  benefit  of  the  net  retrieval  system  not 
included  in  the  study  is  the  vast  amount  of  clean 
pine  straw  that  is  available  as  a  by-product. 
The  pine  straw  can  be  used  as  mulch  for  nursery 
beds  or  sold  to  others  for  landscaping.  Either 
use  provides  a  sizeable  benefit  for  the  system. 
The  orchard  pine  straw  is  of  prime  quality  and 
does  not  contain  the  weed  seeds  and  other  debris 
normally  found  in  pine  straw  bales.  For  this 
reason,  our  orchard  managers  have  no  problem 
disposing  of  the  straw. 

RESULTS  AND  DISCUSSION 

In  1983  the  per  pound  cost  of  seed 
collection  on  the  net  was  $42.12,  while  cone 
collection  was  $28.93.  The  netting  system  cost 
$17.73  per  pound  more  than  the  cost  of  seed 
obtained  by  collecting  the  cones.  In  1984,  the 
net  collection  cost  $19.45  per  pound  and  seed 
collected  in  oones  would  have  cost  $23.07  per 
pound.  This  produced  a  savings  of  $3.62  per 
pound  in  favor  of  the  net  seed-collection 
system. 

The  cost  of  the  net  seed-collection  system 
is  greatly  affected  by  the  volume  of  seed 
available.  The  larger  the  volume  of  seed  on  the 
net,  the  lower  the  cost  per  pound  of  the  seed. 
Retrieval  and  quality  of  separation  of  the  seed 
is  virtually  unaffected  by  the  volume  of  seed. 
On  the  other  hand,  the  volume  of  debris  (pine 
straw,  twigs,  etc.)  on  the  net  has  a  measurable 
effect  on  the  rate  of  separation. 


In  general,  the  smaller  the  seed  and  cone 
crop,  the  nore  the  advantages  are  in  favor  of 
cone  collections.  When  the  crop  is  small,  the 
cones  can  be  selectively  collected;  however,  it 
is  nearly  inpossible  to  selectively  deploy 
netting  and  still  catch  the  seed  fall. 

The  equipment  now  used  for  the  net  retrieval 
system  is  considered  a  first  generation 
production  prototype.  Many  improvements  will  be 
made  to  produce  a  more  efficient  and  corrpact 
system.  The  cost  of  equipnent  may  continue  to 
rise,  but  probably  not  as  fast  as  the  cost  of 
labor,  especially  the  trained  labor  force  that  is 
required  in  cone  collection. 

The  initial  costs  of  the  net  retrieval 
system  are  high.  Therefore  this  system  would  not 
be  econcanical  in  young  orchards  or  an  orchard 
with  a  low  production  capacity.  Use  the 
following  factors  to  decide  whether  to  use  the 
net  system  or  harvest  cones  in  a  particular  year. 

Net  Seed-Collection  System 

1 .  Number  of  acres  of  orchard  under 
consideration. 

2.  Calculated  production  capacity  of  the  orchard 
(number  of  bushels  of  cones  or  pounds  of  seeds  on 
the  acres  of  orchard  under  consideration;  end 
product  will  be  pounds  of  collectable  seeds. 

3.  Cost  of  deploying  and  recoverirq  the  net  seed 
collection  system  on  the  following  basis:  a 
five-person  crew  operates  at  the  rate  of  .25 
acres  per  crew  per  day.  This  work  includes  the 
total  job  of  deploying  the  net,  shaking  the  trees 
(twice)  retrieving  the  net,  processing  the  seed 
and  returning  the  rolls  of  net  to  storage.  The 
time  sequence  becomes  relatively  unimportant, 
because  much  of  the  job  takes  place  before  and 
after  the  cone  ripening  period.  With  this 
information,  the  orchard  manager  can  calculate 
the  price  of  seeds  per  pound. 

Cone  Collection  System 

1.  Price  per  bushel  to  collect  cones,  transport, 
extract  the  process. 

2.  Can  the  cone  crop  be  picked  before  they 
mature  to  the  point  of  opening? 

3.  Is  an  adequate  supply  of  collection  equipment 
available? 

4.  Is  there  an  adequate  pool  of  people  to  do  the 
work  safely? 

If  the  price  per  bushel  for  the  netting 
system  is  higher  than  that  for  harvesting  cones, 
the  orchard  manager  would  then  decide  that,  in 
all  probability,  cone  picking  will  be  the  most 
economical  method. 


E)very  orchard  and  organization  will  > 
different  numbers,  but  we  feel  the  net  re 
seed  collection  system  is  a  viable  altem 
a  difficult  job. 

REFERENCES 

Edwards,  Jerry  L.  and  James  L.  McConnell. 
1982.  Forest  tree  seed  harvesting  systei 
loblolly  pine.  ASAE  paper  No.  82.158 
Winter  Meeting,  10  p. 


aerab 
eval 
'.veti 


cor 


Edwards,  Jerry  L.  and  James  L.  McConnell. 
1983.  Forest  tree  seed  harvesting  systei 
loblolly  pine.  FAO,  Seminar  on  machii 
techniques  for  forest  plant  productioM 
Tatranska  Lomonia,  High  Tatras, 
Czechoslovakia,  June  20-24,  16p. 


McConnell,  James  L.  and  Jerry  L.  Edwards. 

1983.  Net  retrieval  system  for  seed  col. 
in  southern  orchards.  The  Plant  Propi: 
29(3):  14-15. 

Vozzo,  J. A.  and  F.T.  Bonner. 

1984.  Quality  of  fine  seed  collected  fr< 
net  retrieval  system.  In:  Proceeding; 
1984  Southern  Nursery  Conference.  USD/ 
Service,  Southern  Station,  New  Orleanii; 
(in  press). 

Wallace,  Huey,  N.  and  Julie  C.  Weatherby. 
1984  Loss  assessment  of  seeding  and  see< 
damage  in  orchards  harvesting  with  ne* 
Report  No.  8401014.  Atlanta,  GA;  USD/ 
Service,  Southern  Region  9p  [unpublisl 
administrative  document  available  froi 
authors,  Alexandria  Forestry  Center,  : 
Shreveport  Highway,  Pineville,  LA  71: 


254 


tor 

:i  ana 


Ibtior 
itor, 


the 
lif  t( 
'ore: 
LA 


ng. 
'ore; 

he 
lO 


THE  CASE  FOR  PLANTING  LONGLEAF  PINE 
Eugene  Shoulders- 


Abstract^. — Twenty-year  results  from  35  comparisons  of 
the  four  major  southern  pines  in  Louisiana  and  Mississippi 
indicate  that  longleaf  {Finns  palustvis   Mill.)  is  potentially 
as  productive  as  loblolly  (P.  taeda  L.)  ,*■  slash  (P.  elliottii 
Engelm.    vav.    elliottii),    and  shortleaf  (P.  echinata  yiill.) 
pines  under  a  wide  variety  of  site  conditions  if  the  problems 
of  poor  planting  survival  and  brownspot  needle  blight  can  be 
overcome.   Late  (after  age  4)  initiation  of  vigorous  height 
growth  was  indicated  to  be  a  less  important  cause  of  longleaf 's 
poorer  performance  than  was  low  density  resulting  from  poor 
planting  survival  and  brownspot  needle  disease. 


INTRODUCTION 


fR 

SB   Faced  with  the  prospect  that  fusiform  rust 
311!  aused  by  Cvonavtium  quercuum   (Berk.)  Miyabe  ex 
irai  f.  sp.  fusiform)   may  substantially  reduce 
elds  of  loblolly  and  slash  pine  plantations, 
f.  Testers  across  the  South  are  reevaluating 
S(  ngleaf  pine  for  planting  in  high  rust  hazard 
I6i  eas.  Proponents  of  the  species  (Farrar  and 
jDlilte  1983,  Kais,  et  al.  1981)  contend  that 
ist  ngleaf  pine  will  survive  satisfactorily  and 
aiitiate  vigorous  height  growth  in  3  or  4  years 
II   vigorous  seedlings  are  planted  with  care  on 
'liill  prepared  sites  and  remain  free  of  brownspot 
sedle  blight  (caused  by  Saivvhia  aoiaola   (Dearn) 
.ggers)  until  they  emerge  from  the  grass  stage. 

;   These  developments  caused  me  to  reexamine 
jsults  of  35  site-species  trials  in  Louisiana 
id  Mississippi,  where  longleaf  survival  at  10 
Jars  exceeded  20  percent,  to  learn  if  early 
nergence  of  well  stocked  longleaf  plantations 
rom  the  grass  stage  would  make  them  competitive 
n  yields  on  a  given  site  with  the  other  major 
Duthern  pines.   In  this  paper,  I  compare  actual 
lelds  of  longleaf  pine  at  20  years  in  with  those 
I   loblolly,  slash,  and  shortleaf  pine.   Also,  I 
xamine  the  individual  and  combined  effects  on 
elatlve  performance  of  longleaf  pine  of  (1) 
djusting  longleaf  yields  to  reflect  initiation 
f  vigorous  height  growth  in  the  fourth  year 
fter  planting  and  (2)  adjusting  yields  of  all 
pedes  to  compensate  for  differences  between 
hem  In  basal  area  at  20  years. 


—  Paper  presented  at  Southern  Sllvicultural 
esearch  Conference,  Atlanta,  Georgia,  November 
-8,  1984. 

2/ 

—  Principal  Silvlculturlst,   USDA — Forest 
ervlce,    Southern  Forest  Experiment   Station, 
Ineville,   LA  71360. 


THE  STUDY 

In  the  years  1954  through  1958,  the  Southern 
Forest  Experiment  Station,  with  the  help  of  both 
public  and  private  forestry  organizations, 
established  pine  species  comparisons  on  113  uni- 
form sites  in  Louisiana  and  southern  Mississippi. 
Every  installation  included  loblolly,  slash  and 
longleaf  pine.   About  half  the  installations  also 
Included  shortleaf  pine.   Seedlings  for  the  study 
were  grown  in  State,  Federal,  and  private  nur- 
series in  Louisiana  and  Mississippi  and  planted 
as  1-0  stock.   Loblolly  pine  seedlings  planted 
east  of  the  Mississippi  River  were  from  seedlots 
collected  in  Mississippi,  and  those  planted  west 
of  the  River  were  from  Louisiana  seedlots.   Slash 
pine  seedlings  for  more  than  80  percent  of  the 
plots  were  produced  from  seeds  collected  in 
southern  Mississippi  or  the  Florida  parishes  of 
Louisiana;  seeds  for  the  remaining  stock  were 
obtained  from  a  Georgia  dealer.   Shortleaf 
seedlings  from  a  Louisiana  seed  source  were  used 
in  seven  Mississippi  installations.   Otherwise, 
longleaf  and  shortleaf  seedlings  planted  east  of 
the  Mississippi  River  were  from  seedlots 
collected  in  Mississippi,  and  those  planted  west 
of  the  River  were  from  seedlots  collected  in 
Louisiana.   No  genetically  Improved  seeds  were 
used.   The  stock  was  graded  by  Wakeley's  (1954) 
rules,  and  healthy,  uninjured  Morphological  Grade 
1  and  2  seedlings  were  accepted  for  planting. 

Three  plots  of  each  of  the  three  or  four  spe- 
cies were  established  at  each  location.  Louisiana 
plots  contained  49  measurement  trees  and 
Mississippi  plots,  64.   Planting  interval  in  both 
States  was  6  feet  between  and  within  rows  (1,210 
trees  per  acre).   By  age  20  years,  poor  survival 
of  longleaf  and  disasters  of  one  sort  or  another 
had  reduced  to  35  the  number  of  installations 
where  statistically  valid  comparisons  could  be 
made  between  longleaf  yields  and  those  of  one  or 
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more  of  the  other  species.   The  35  Included  33 
Installations  where  differences  between  longleaf 
and  loblolly  yields  could  be  evaluated,  34  where 
differences  between  longleaf  and  slash  yields 
could  be  evaluated,  and  16  where  differences  be- 
tween longleaf  and  shortleaf  could  be  evaluated. 

Thirteen  of  the  35  installations  are  east  of 
the  Mississippi  River  in  southern  Mississippi  and 
the  Florida  Parishes  of  Louisiana;  twenty-two  are 
west  of  the  River  in  Louisiana  (fig.  1). 


O  WIT    SITSS 

#  INTIRMiDIATI     SITIS 

♦  DRY    SITES 


Figure  1. — Locations  of  35  site-species  trials  in 
Louisiana  and  Mississippi 

A  few  installations  were  established  on  old 
fields,  but  most  were  on  open,  cutover  sites  that 
had  never  been  tilled. 

Nine  installations  are  on  soils  that  lack 
prominent,  abrupt  changes  in  color  or  texture 
from  the  surface  down  to  3  or  4  feet  (wet  sites). 
These  soils  remain  submerged  or  saturated  with 
water  during  wet  periods,  especially  in  winter. 
They  range  in  internal  drainage  from  very  poor  to 
moderately  good. 

Twenty-one  installations  are  on  soils  that 
have  well  defined  horizons,  which  differ  from 
each  other  in  both  color  and  texture 
(intermediate  sites).   These  soils  are  moderately 
well  to  well  drained. 

Nine  installations  are  on  soils  that  have  a 
thick  surface  layer  of  coarse  sand  or  sandy  loam 
material,  which  may  or  may  not  grade  into 
somewhat  finer  material  below  a  depth  of  3  feet 
(dry  sites).   These  soils  have  good  to  excessive 


internal  drainage  and  a  limited  capacity  t; 
readily  available  moisture. 

To  compensate  for  the  effects  of  slov 
emergence  of  longleaf  pine  from  the  grass 
on  yields  at  20  years,  it  was  necessary  tc 
establish  the  age  at  which  dominant  and  cc 
nant  longleaf  trees  attained  a  height  of  4 
and  to  project  age-20  yields  forward  to  co 
sate  for  the  years  greater  than  4  that  the 
required  to  initiate  vigorous  height  growt 
procedure  used  to  make  these  projections  \i 
follows. 

Height  data  from  inventories  at  3,  5, 
years  were  used  to  develop  height  (H)  -  ag 
relationships  for  each  plot  using  the  fortu 
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(The  a  and  b  values  are  regression  coeffic. 
developed  individually  for  each  plot.) 

The  equations  were  then  solved  in  rev 
determine  the  age  at  which  trees  attained 
height  of  4  feet.  Values  were  rounded  off 
next  full  year  (e.g.,  5.4  was  rounded  to  6' 
years),  and  4  years  was  subtracted  from  thr 
Actual  ages  of  longleaf  plantations  were  n 
by  this  amount. 

The  next  step  was  to  grow  the  longlea 
tation  to  an  adjusted  age  of  20  years.  In 
study,  individual  plot  volume  was  reckoned 
product  of  plot  basal  area,  based  on  the  d 
of  all  trees,  and  a  volume-basal  area  rati 
derived  from  sample  tree  measurements  (see 
Shoulders  1976).  So,  estimates  were  neede 
plot  basal  areas  and  volume-basal  area  rat 
actual  ages  corresponding  to  20  years  plus 
number  of  years  greater  than  4  that  trees 
remained  in  the  grass  stage.  These  values 
obtained  by  linear  interpolation  using  bas 
areas  and  volume-basal  area  ratios  from  in 
tories  of  Individual  plots  that  were  made 
actual  age  of  the  plantations  was  20  and  2 
years. 

The  assumptions  underlying  these  adju 
to  compensate  for  slow  emergence  of  longle 
from  the  grass  stage  were  (1)  that  once  lo 
pine  initiates  vigorous  height  growth,  its 
sequent  rate  of  growth  is  Independent  of  t 
seedlings  spent  in  the  grass  stage  and  (2) 
short  term  changes  in  individual  plot  basa 
and  volume  basal  area  ratios  tend  to  be  11 
over  time. 

Because  of  the  procedures  described  a 
for  computing  individual  plot  volumes,  it 
necessary  to  compensate  for  differences  am 
species  in  density  (survival)  by  adjusting 
basal  areas  and  volume-basal  area  ratios, 
assumption  was  made  that  plots  of  all  spec 
having  the  same  number  of  surviving  trees 
years  would  have  approximately  the  same  ba^ 
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23,  but  that  their  volume-basal  area  ratios 
ild  reflect  differences  among  species  in  total 
Lght  of  the  dominant  and  codominant  trees. 
:ause  volume-basal  area  ratios  are  also  sen- 
tive  to  stand  density,  individual  species 
gression  was  computed,  which  related  actual 
Lume-basal  ratios  to  basal  area  and  height  of 
i ninant  and  codominant  trees.   An  adjusted 
0  Lume-basal  area  ratio  for  each  plot  was 

tained  by  solving  these  regressions  for  the 
i»t  srage  basal  area  of  the  installation  and  the 
,  tual  height  of  dominant  and  codominant  trees 
the  plot.  The  adjusted  plot  ratios  were  then 
Itlplied  by  the  average  basal  area  of  the 
stallation  to  compute  adjusted  plot  volumes, 
th  actual  yields  and  expected  yields,  if  long- 
af  had  initiated  vigorous  height  growth  in 
e  fourth  year,  were  adjusted  by  this  procedure 

approximate,  respectively,  yields  with  com- 
rable  density  between  species  and  yields  with 
raparable  density  if  longleaf  had  commenced 
[jjight  growth  at  age  4, 

Only  total  cubic-foot  yields  are  reported. 
eJey  include  volume  of  wood  and  bark  in  the  en- 
re  stem,  from  stump  to  tip,  of  trees  0.6  inch 
b.h.  and  larger.   They  exceed  by  about  20  per- 
nt  corresponding  yields  from  trees  5  inches 
h.  and  larger  to  a  4-inch  top. 

Actual  and  adjusted  data  for  individual 
stallations  were  evaluated  by  analyses  of 
riance.  Differences  among  species  were  iso- 
ted  with  Duncan's  new  multiple  range  test, 
dividual  species  were  considered  to  be  unequal 
performance  if  differences  among  them  were 
j,  gnlf leant  at  the  0.05  level  and  equal  in 
jlrformance  if  differences  were  not. 


RESULTS 

Actual  yields 

At  20  years,  actual  yields  per  acre  in  the  35 
installations  were  longleaf,  521  to  4,874  ft3 
(o.b.);  loblolly,  654  to  5,644  ft3;  slash,  2,359 
to  5,959  ft3;  and  shortleaf,  1,065  to  5,313  ft3 
(fig.  2). 

In  only  two  installations  were  longleaf 
yields  significantly  greater  than  yields  of 
another  species  (table  1).   Longleaf  yields 
exceeded  slash  pine  yields  on  one  well  drained 
old-field  site  where  longleaf  survived  excep- 
tiona'lly  well  (82  percent  at  20  years)  and  emerged 
from  the  grass  stage  at  an  early  age.   Slash  pine 
in  this  installation  was  heavily  infected  with 
fusiform  rust  and  sustained  30  percent  rust  asso- 
ciated mortality  by  age  20.   Longleaf  growth 
averaged  237  ft-^  (o.b.)  per  acre  per  year  in  this 
installation,  and  slash  averaged  175  ft3. 
Longleaf  outyielded  shortleaf  pine  on  a  poorly 
drained  open  cutover  site  where  neither  species 
grew  very  well  and  yields  of  both  were  well  below 
those  of  loblolly  and  slash  pine.   Shortleaf  in 
this  installation  grew  at  an  annual  rate  of  only 
53  ft3  per  acre  and  longleaf  at  an  annual  rate  of 
93  ft3. 

Longleaf  yields  equalled  (i.e.,  were  not 
significantly  different  from)  those  of  loblolly  in 
33  percent  of  the  installations,  slash  in  26  per- 
cent of  the  installations,  and  shortleaf  in  63 
percent  of  the  installations  where  comparisons 
between  individual  species  were  possible. 


Table  1. — Differences  between  longleaf  and  other  southern  pines  in  actual 
and  adjusted  total  yields  at  20  years 


Item 


Yields  adjusted  for  - 


Actual 
yields 


Prolonged   :   Stand   :Prolonged  grass  stage 
;rass  stage  :  density  ;   and  stand  density 


Longleaf  vs  loblolly 

Longleaf  sig.  greater  0  (0) 

No  sig.  difference  11  (33) 

Loblolly  sig.  greater  22  (67) 

Longleaf  vs.  slash 

Longleaf  sig.  greater  1  (3) 

No  sig.  difference  9  (26) 

Slash  sig.  greater  24  (71) 

Longleaf  vs.  shortleaf 

Longleaf  sig.  greater  1  (6) 

No  sig.  difference  10  (63) 

Shortleaf  sig.  greater  5  (31) 


•Numoer  (.per 

cenc. 

or  insta. 

Liacions   

0   (0) 
15  (45) 
18  (55) 

0 

27 

6 

(0) 
(82) 
(18) 

7  (21) 

25  (76) 

1   (3) 

1   (3) 
12  (35) 
21  (62) 

0 
18 
16 

(0) 
(53) 
(47) 

0  (0) 

29  (85) 

5  (15) 

1   (6) 

11  (69) 

4  (25) 

2 

14 
0 

(12) 

(88) 

(0) 

4  (25) 

12  (75) 

0   (0) 

257 


LONGLEBF  VS  LOBLOLLY 


LONGLEOr  VS  SLRSH 


LONGLEHF  VS  SHORTLERF 


(B) 


CC) 


(D) 


0        le       S0       30       40       se       ee  0        le       20       30       40       so       eee       10       ze       30       40       50       ee 

YIELDS    OF    OTHER    PINESC100    Ft -3 (OB ) /ACRE ) 


Figure  2.— Comparisons  between  longleaf  pine  and  other  southern  pines  in  (A)  actual  total  yields 
at  20  years,  (B)  total  yields  adjusted  for  late  emergence  of  longleaf  from  the  grass  stage,  (C) 
differences  in  stocking  between  species,  and  (D)  both  of  the  above  conditions,  by  site  con- 
dition (0  -  wet,  #  =  intermediate,  *  =  dry).   Diagonal  lines  represent  equal  performance  of  the 
two  species  in  the  comparison. 
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The  proportions  of  Installations  where 
ual  longleaf  yields  equalled  or  exceeded 
se  of  loblolly  and  slash  Increased  as  sites 
ame  drier,  whereas  the  proportions  of 
tallations  where  longleaf  yields  equalled  or 
eeded  shortleaf  yields  decreased. 

Expected  yields  with  rapid  height  growth 

The  adjustment  to  compensate  for  slow 
rgence  of  longleaf  pine  from  the  grass  stage 
reased  longleaf 's  competitive  position  only 
;  ghtly.   After  this  adjustment,  longleaf 
rilds  equalled  or  exceeded  those  of  loblolly 
L  45  percent  of  the  installations,  slash  in  38 
jxent  of  the  installations,  and  shortleaf  in 
71  percent  of  the  installations.   The  adjust- 
niits  ranged  from  zero  for  two  installations, 
*;!re  longleaf  commenced  vigorous  height  growth 
I  the  fourth  year,  to  908  ft^  (o.b.)  per  acre 
E:  an  installation  where  a  well  stocked  stand 
esrged  from  the  grass  in  the  seventh  year. 

Expected  yields  with  equal  density 

The  adjustment  to  compensate  for  differen- 
cfe  In  survival  among  species  affected  volumes 
0  all  species.   After  the  adjustment,  the 
rige  in  expected  yields  per  acre  were 
lagleaf,  1,072  to  4,991  ft3  (o.b.);  loblolly, 
9j.9  to  5,109  ft3;  slash,  1,290  to  5,432  ft^; 
a|i  shortleaf,  1,511  to  5,167  ft^. 

Analyses  of  these  adjusted  values  showed 
tkt,  with  comparable  basal  areas  at  20  years, 
];ngleaf  was  potentially  as  productive  as 
],]blolly  in  82  percent  and  slash  in  53  percent 
cjl  the  installations.   With  equal  levels  of 
socking,  longleaf  yields  equalled  those  of 
iortleaf  in  88  percent  of  the  installations 
id   exceeded  them  in  12  percent  of  the 
istallations  where  performance  of  these  two 
^ecies  could  be  compared. 

xpected  yields  with  equal  density  and  early 
emergence  of  longleaf  from  the  grass  stage 

Removal  of  the  effects  of  both  slow 
.ergence  of  longleaf  from  the  grass  stage  and 
.equal  density  among  species  further  altered 
ijipected  yields  and  relative  performance  of  the 
•ur  species.  Longleaf  yields  after  the  dual 
[justment  ranged  from  1,135  to  4,991  ft^ 
•b.)  per  acre,  loblolly   yields  from  974  to 
109  ft3,  slash  yields  from  1,311  to  5,433 
;^,  and  shortleaf  yields  from  1,542  to  5,167 


per  acre. 


Given  the  advantage  of  emergence  of  a  com- 
irably  stocked  stand  from  the  grass  stage  in 
le  fourth  year,  longleaf  should  have  performed 
;  well  as  or  better  than  loblolly  on  97  per- 
-nt   of  the  sites  and  as  well  as  slash  on  85 
ircent.  Longleaf  yields  should  have  equalled 
:  exceeded  those  of  shortleaf  on  all  sites 
lere  both  species  were  planted  and  survived. 


Moreover,  there  were  no  large  differences  be- 
tween wet,  intermediate,  and  dry  sites  in  the 
proportion  of  installations  where  potential 
longleaf  yields  equalled  or  exceeded  those  of 
the  other  species. 


DISCUSSION  AND  CONCLUSIONS 

These  exercises  demonstrate  that  longleaf  is 
potentially  as  productive  as  the  other  major 
southern  pines  under  a  wide  variety  of  site  con- 
ditions.  They  further  emphasize  that  late 
emergence  from  the  grass  stage  was  a  less  impor- 
tantk cause  than  low  density  for  longleaf 's  poorer 
actual  relative  performance.   Poor  planting  sur- 
vival, brownspot  needle  blight,  and  competition 
from  herbaceous  vegetation  all  contributed  to  low 
density  on  longleaf  plots.   Together  these  fac- 
tors eliminated  longleaf  completely  from  more 
than  one-third  of  the  installations  where  yields 
of  two  or  more  of  the  major  southern  pines  could 
be  compared  and  made  it  less  productive  than  the 
best  of  the  other  three  species  in  86  percent  of 
the  remaining  Installations. 

Research  since  this  study  was  started  has 
provided  solutions  to  these  problems.   The 
problem  of  poor  planting  survival  can  be  solved 
by  adopting  techniques  for  growing,  handling,  and 
planting  bare-rooted  nursery  stock  that  are 
tailored  to  the  unique  requirements  of  longleaf 
pine  (Farrar  and  White  1983,  Kais  et  al  1981). 
Another  alternative  is  to  plant  vigorous 
container-grown  seedlings  on  well  prepared  sites 
(personal  communications,  A.  G.  Kais).   Thorough 
site  preparation  may  also  alleviate  the  problem 
of  brownspot  needle  blight  by  promoting  early 
rapid  height  growth  and  removing  the  source  of 
brownspot  infection  (Farrar  and  White  1983). 
Other,  perhaps  surer,  methods  of  overcoming 
brownspot  are  planting  brownspot  resistant 
seedlings  (Derr  1971,  Derr  and  Melder  1970, 
Snyder  and  Derr  1972)  or  seedlings  whose  roots 
have  been  treated  with  the  systemic  fungicide 
benomyl  (Kais  et  al.  1981). 

The  discussion  must  not  end  here:   the  issue 
of  potential  bias  in  the  procedures  used  to 
adjust  volumes  should  be  addressed. 

Since  successful  planting  of  longleaf 
depends  in  part  on  destruction  of  all  competing 
woody  and  herbaceous  vegetation  (Farrar  and  White 
1983),  it   could  be  argued  that  the  procedure 
used  to  compensate  for  late  emergence  of  longleaf 
from  the  grass  stage  was  biased  in  favor  of 
longleaf.   Other  species  should  also  benefit  from 
such  thorough  site  preparation.   The  installation 
cited  earlier  in  the  paper,  where  longleaf 
outyielded  slash  pine  at  20  years,  provides  some 
Insight  into  the  seriousness  of  this  apparent 
bias.   The  site  was  a  recently  abandoned  field 
with  ground  cover  similar  to  that  of  a  thoroughlj 
prepared  planting   site.   At  20  years,  average 
height  of  dominant  and  codominant  trees  of  the 
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four  species  ranged  only  from  50.9  ft  for 
longleaf  to  53.2  ft  for  slash  pine,  and  dif- 
ferences between  thera  were  not  significant. 
Dominant  and  codomlnant  longleaf  had  averaged 
only  4.0  ft  shorter  than  the  tallest  of  the 
other  three  species  at  5  years,  4.2  ft  shorter 
at  10  years,  and  2.6  ft  shorter  at  15  years. 
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(Shoulders  1983). 
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PLANTING  LOBLOLLY  PINE  NORTH  AND  WEST  OF  ITS  NATURAL  RANGE^/ 
0.  0.  Wells  and  George  Rink2/ 


Abstract. — The  fast  initial  growth  rate  of  loblolly 
pine  (Pinus  taeda  L.)  has  resulted  in  widespread  use  of  this 
species  north  of  its  natural  range  throughout  Tennessee, 
western  Kentucky,  and  southern  Illinois.   Large  amounts  of 
Atlantic  Coast  loblolly  are  being  planted  in  and  near  the 
Ouachita  Mountains,  also  to  maximize  growth  rate.   These 
extensions  of  the  natural  range  are  taking  the  species  to 
the  limits  of  its  cold  and  drought  tolerance,  and  a 
considerable  research  effort  is  being  made  to  identify  the 
most  cold  hardy  geographic  seed  sources  and  individual 
families.   This  report  presents  the  35-year  results  of  a 
study  that  was  begun  in  1950  to  identify  the  geographic 
sources  of  loblolly  pine  most  suitable  for  Illinois.   In 
addition  to  obvious  injury,  such  as  needle  burn,  damaged 
limbs  or  tops,  or  outright  mortality  at  an  early  age,  it 
appears  from  this  and  other  studies  that,  when  loblolly  is 
subjected  to  excessive  cold-  or  drought-induced  stress, 
mortality  of  dominant  and  codominant  trees  can  occur  after 
15  years  or  more  of  vigorous  growth. 


INTRODUCTION 

Seed  orchards  are  now  the  major  suppliers  of 
loblolly  seed  (Pinus  taeda  L.)  for  planting  in  the 
)uth.   The  trees  in  most  seed  orchards  are  of 
)cal  origin,  and  the  seedlings  derived  therefrom 
je   intended  to  be  planted  in  a  relatively  small 
feographic  area  that  generally  corresponds  closely 
i  the  area  where  the  orchard  trees  were  selected. 
ais  is  the  dominant  pattern  of  tree  improvement 
ip  the  South,  and  only  in  compelling  circumstances 
mid  a  forest  industry  or  agency  deliberately 
toose  a  non-local  seed  source  instead  of  seed 
■cm  their  painstakingly  developed  and  expensive 
rchards. 


1/ 


Paper  presented  at  Southern  Silvicultural 


ssearch  Conference,  Atlanta,  Georgia,  November 
[8,  1984. 

_£'Principal  Plant  Geneticists,  Southern 
>rest  Experiment  Station,  Gulf port,  MS,  and  North 
intral  Forest  Experiment  Station,  Carbondale,  IL, 
!spectively.   The  authors  gratefully  acknowledge 
■16  help  of  Henry  Barbour,  WESTVACO;  and  John 
lissette,  Ross  Melick,  and  Glendon  Smalley, 
■DA-Forest  Service,  in  mapping  the  areas  where 
I'blolly  is  planted  north  of  its  natural  range. 

are  also  appreciative  of  the  help  of  David 
anion  and  the  Tennessee  Valley  Authority  (TVA) 
r  access  to  the  files  of  the  1950  TVA  seed 
urce  study. 


One  instance  in  which  some  industries  and 
agencies  have  made  just  such  a  decision  has  been 
in  the  high-rust-hazard  areas  of  Mississippi, 
Alabama,  Georgia,  and  South  Carolina,  where  large 
areas  have  been  planted  to  Livingston  Parish 
Loblolly.   The  only  other  large  areas  where 
non-local  loblolly  seed  sources  are  being  used  in 
substantial  quantities  are  in  and  near  the 
Ouachita  Mountains  of  Arkansas  and  Oklahoma, 
throughout  Tennessee,  western  Kentucky,  and 
southern  Illinois.   The  "compelling  circumstances" 
in  the  Ouachitas  has  been  the  opportunity  to 
substantially  better  the  growth  rate  of  trees  from 
local  seed  sources.   Growth  gains  of  about  8  feet 
in  site  index  or  20  percent  in  volume  have  been 
revealed  by  25-year-old  provenance  tests  near  that 
area  (Wells  and  Lambeth  1983).   In  Tennessee, 
Kentucky,  and  Illinois,  the  lack  of  a  local  seed 
source  has  forced  the  search  for  the  optimum 
non-local  one. 

The  recommended  northern  limit  for  loblolly 
in  Illinois,  which  was  determined  by 
experimentation  and  experience  (Gilmore  1980) , 
follows  the  180-day  contour  of  a  frost-free  season 
very  closely  (Fig.  1).   It  is  apparently  a  very 
critical  limit.   As  noted  by  Gilmore,  30-year-old 
loblolly  pine  of  Maryland  origin  suffered  almost 
complete  mortality  only  60  miles  north  of  the 
recommended  limit  when  it  was  subjected  to  a 
record-breaking  freeze  in  1977. 
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Figure  1. — Frost-free  period  (days)  over  the  natural  range  of  loblolly 
pine  (shaded)  and  the  principal  areas  where  the  range  has  been 
extended  by  planting  (hatched). 
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Whenever  non-local  sources  are  used  near  or 
beyond  the  northern  limit  of  the  natural  range, 
small  differences  in  cold  tolerance  become 
critical,  and  "fine  tuning"  of  individual  families 
and  geographic  seed  sources  to  sites  become 
necessary.   The  goal  is  to  find  the  source  of  seed 
having  the  optimum  combination  of  maximum  growth 
rate  and  minimum  susceptibility  to  cold.   In 
southern  Illinois  and  Kentucky,  which  are  at  the 
limit  of  loblolly's  cold  tolerance,  the  primary 
consideration  is  to  find  the  seed  source  having 
the  most  cold  resistance.   In  somewhat  milder 
areas,  such  as  the  Ouachitas,  cold  resistance  is 
given  slightly  less  weight,  and  seed  from  sources 
south  of  the  extremity  of  the  natural  range,  such 
as  the  Coastal  Plain  of  North  Carolina,  are  being 
used.   Record  cold  in  the  Ouachitas  in  December 
1983  demonstrated  that  North  Carolina  Coastal 
Plain  loblolly  was  slightly  less  cold  resistant 
than  local  Arkansas  stock.   Damage  was  mostly  in 
the  form  of  needle  "burn"  and  was  not  considered 
heavy  enough  to  discontinue  use  of  loblolly  from 
the  North  Carolina  Coastal  Plain  in  the  Ouachitas 
(C.  C.  Lambeth  personal  communication). 


There  is  still  some  question  of  which  sourca 
has  the  most  cold-tolerance.   The  coldest  parts 
the  loblolly  range,  in  terms  of  frost-free  seaso 
are  in  northern  Delaware,  Maryland,  and  the 
Piedmont  of  Virginia,  and  also  in  a  very  small 
portion  of  the  southern  Appalachians  at  the 
congruence  of  Georgia,  North  Carolina,  and 
Tennessee  (herein  called  the  central-interior). 
The  180-day  contour  of  frost-free  days  touches  ti 
natural  range  at  these  points.   The  portion  of  ti 
natural  loblolly  range  in  central  Arkansas  is 
slightly  warmer  than  the  above  areas,  since  it 
averages  slightly  under  210  frost-free  days  a 
year.   But  it  too  is  among  the  most  hardy  loblol 
seed  sources. 
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Long-term  tests  are  the  only  way  to 
effectively  determine  the  most  suitable  seed 
sources;  and  fortunately,  our  predecessors  had  t  <| 
foresight  to  establish  a  network  of  provenance 
tests  throughout  Tennessee  and  the  Ohio  River 
Valley.   Tests  were  established  on  seven  sites  li 
southern  Illinois  in  1948,  and  they  have  been 
followed  closely  to  the  present  (Gilmore  and  Funl 
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[7,   Gilmore    1980).      On  the   basis   of    27-year 
5iiformance,    Gilmore    (1980)    recommends 
jrtheastern  Arkansas   seed    for   southern   Illinois, 
j.h  Maryland    seed    a  second   choice.      However, 
Jiibour    (1980),    on  the   basis   of  much  younger 
:its,    recommends    the    central-interior   part   of   the 
riige   for  a   seed    source   for  western  Kentucky,    with 
■livland   or   Arkansas   a   second    choice.      More 
rtlently,    Barbour    (personal    communication)   has 
;c:e   to    favor  Maryland    and    northeastern   Virginia 
Lclolly    for   western   Kentucky.      Apparently, 
inferences   in   cold   resistance   among    trees    from 
i]  of   these    sources   are   not   great. 

I    Another   substantial    seed    source    study   was 
jnsrtaken  by   the   Tennessee   Valley   Authority   (TVA) 
Lrl950  with   the   establishment   of   eight   plantings 
jfseedlings    from   nine   seed    sources    throughout    the 
reiessee   Valley   and    northern  Arkansas.      A  report 
na  published    by   Zarger    (1961)    on   the   basis   of 
lO^ear   results,    at   which   time    trees   from   the 
ceiral-interior   part   of    the    range,    (nearest    the 
releasee   Valley)    were   excelling.      A   report   on   the 
no:hern  Arkansas    planting   of    the   TVA   study, 
isied   after   15  years    (Maple    1966),    stated    that 
tr-s  from   the    southern  Appalachians    (analogous    to 
th  central-interior   area)    and   Maryland   were 
ex:lling.      The   northernmost   of    the   TVA  plantings 
wa  established   on   the    Kaskaskia   Experimental 
Fost   in   Hardin   County,    southern   Illinois.      It 
ha  been  well-monumented    and    preserved   by    the 
No  h  Central    Forest   Experiment    Station,    and 
35-ear   results    from    this   study   are   presented 
he  I. 


RESULTS 

Trees  from  the  mildest  climates  (southern 
Alabama,  east-central  Mississippi,  and  the  South 
Carolina  Coastal  Plain),  and  also  those  from 
northern  Mississippi,  began  to  die  in  increasing 
numbers  after  the  10th  year  until,  after  35  years, 
none  of  the  relatively  mild-climate  trees  had 
better  than  20  percent  survival  (Fig.  2,  Table  1). 
Trees  of  Tennessee,  northern  Alabama,  and  northern 
Georgia  origin  had  the  best  survival  (42  to  33 
percent)  after  35  years,  and  trees  from  Maryland 
and  Virginia  were  intermediate,  having  about 
28-percent  survival.   Survival  near  40  percent  at 
35  years  would  be  about  average  for  loblolly  pine 
plantations  in  the  western  Gulf  Coastal  Plain 
(Feduccia  and  others  1979)  ,  so  trees  from  the 
three  best  seed  sources  have  not  suffered  undue 
mortality  above  that  caused  by  normal  suppression. 
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METHODS  AND  MATERIALS 


Seedlings  from  a  variety  of  geographic  seed 
soices  were  being  grown  in  TVA  nurseries  in  1950, 
ancseedlings  from  nine  of  these  were  used  to 
eslblish  the  test  (Zarger  1961).   Commercial 
co]ections  of  seed  collected  between  1946  and 
19^  were  used,  and  most  collections  involved  seed 
frc  more  than  one  county.   Seedlings  were  grown 
la  ^0  TVA  nurseries  in  northeastern  Tennessee  and 
,QOihern  Alabama. 


The  planting  in  Hardin  County,  Illinois,  was 
JsCilished  in  April  1950.   Spacing  was  7  by  7 
fee.   A  randomized  complete  block  design  with  4 
I)l0ifs  of  25-tree  plots  was  used,  and  a  single 
bor;r  row  was  planted  around  each  block. 
3bs-vations  and  measurements  were  made  after  5 
yea;  (Wiesehuegel  1955),  10  years  (Zarger  1961), 
15  '.ars  (TVA  unpublished  data),  and  35  years,  the 
,3ub.fct  of  this  report. 

'      \ 

J   Units  of  analysis  were  plot  means  that  were 

,Jub|cted  to  analysis  of  variance  and  Duncan's  new 

."uljple  range  test. 


Figure  2. — Survival  over  years  for  loblolly 

pines  from  nine  seed  sources  planted  in  Hardin 
County,  (southern)  Illinois. 


Trees  of  Maryland  and  Virginia  origin  had 
below  average  survival  the  first  year  after 
planting  but  did  not  have  a  precipitous  decline  in 
survival  after  10  years,  as  did  the 
above-mentioned  trees  from  Mississippi,  Alabama, 
and  South  Carolina. 

Differences  in  height  or  diameter  were  small 
and  statistically  non-significant  at  35  years 
(Table  1). 


DISCUSSION 

The  critical  trait  for  discriminating  among 
loblolly  seed  sources  in  the  southern  Illinois 
test  is  mortality  over  time.   Growth  rate 
differences  have  been  suppressed  in  what  are 
extreme  climatic  conditions  for  loblolly. 
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Table  1. — Survival,  height,  and  d.b.h.  of  loblolly  pines  from  nine 


seed  sources  grown  in  Hardin  County,  Illinois,  for  35  years_ 


1/ 


Seed 

source 

Survival 

Height 

D.B.H. 

(percent) 

(feet) 

(inches) 

Southern  TN 

42     a 

74.6  a 

10.8  a 

Northern  AL 

37    ba 

72.6  a 

10.9  a 

Northern  GA 

33   cba 

72.4  a 

10.9  a 

Maryland 

24   deb 

73.2  a 

11.1  a 

Southeastern 

VA 

22   dc 

72.2  a 

12.0  a 

Southern  AL 

19   dc 

71.9  a 

11.1  a 

Northeastern 

MS 

14  ed  . 

74.2  a 

11.8  a 

Eastern  MS 

10  ed 

74.0  a 

11.8  a 

SC  Coastal  Plain 

03  e 

73.2  a 

14.2  a 

I'Means  opposite  the  same  letter  do  not  differ  significantly  at 
the  0.05  percent  level. 


The  results  provide  evidence  that  the  effects 
of  cold  may  not  manifest  themselves  only  in  a 
straightforward,  obvious  fashion  like  needle  burn, 
damaged  limbs  or  tops,  or  outright  mortality  at  an 
early  age.   The  long-term  mortality  rate  may  be 
crucial  to  choice  of  seed  source.   More  evidence 
of  the  same  effect  comes  from  long-term  provenance 
tests  that  include  Livingston  Parish,  Louisiana, 
loblolly  and  other  seed  sources  originating  near 
the  Gulf  Coast.   When  seedlings  from  these 
mild-climate  sources  were  planted  in  southern 
Arkansas  and  the  Piedmont  of  Georgia  and  Alabama, 
they  developed  satisfactorily  at  first,  but  after 
about  20  years  in  some  plantings,  and  fewer  in 
others,  mortality  of  dominant-codominant  trees 
began  to  occur  at  an  excessive  rate  (Wells  and 
Lambeth  1983,  Wells  in  press).   Cause  of  the 
mortality  was  not  outright  cold  damage,  but  it  was 
certainly  related  to  the  move  into  a  colder 
climate,  since  more  local  stock  was  unaffected. 
Perhaps  environmental  stress  weakens  the 
warm-climate  trees  to  the  point  where  they  become 
susceptible  to  common  pests  like  bark  beetles  or 
root  rots.   A  few  trees  may  die  each  year,  as  in 
the  southern  Illinois  test,  or  many  may  die  in  a 
short  period  of  time,  as  in  the  southern  Arkansas 
test.   Overstocking  may  exacerbate  the  stress. 
This  phenomenon  is  probably  similar  to  that 
reported  in  provenance  tests  in  east  Texas  (Long 
1980).   There,  loblolly  originating  east  of  the 
Mississippi  River  experienced  mortality  of 
dominants  and  codominants  similar  to  the  type  of 
mortality  reported  here.   In  the  Texas  tests,  some 
aspect  of  drought,  not  cold,  was  assumed  to  be 
responsible,  but  perhaps  the  key  is  stress, 
whatever  the  cause. 

Short-term  laboratory  tests  to  speed  up  the 
selection  of  cold  resistant  families  of  loblolly 


pine  are  being  developed  (Kolb  1984)  and  shou! 
very  useful,  but  at  least  some  tests  near  the 
absolute  limits  of  loblolly's  range  should  be 
term  like  the  present  one.  The  climatic  even 
that  may  provide  the  ultimate  test  of  adaptab: 
may  not  occur  for  a  long  time.  If  one  consid( 
it  necessary  that  the  trees  under  test  withst; 
100-year  freeze,  then  the  waiting  period  becot 
very  long  indeed.  Most  land  owners  or  foresti 
however,  would  accept  greater  risk  or  adopt  mc 
limited  objectives.  A  realistic  objective  in 
southern  Illinois  or  western  Kentucky  would  b< 
produce  pulpwood  on  a  20-  to  30-year  rotation 
accept  minor  damage,  such  as  some  broken  tops 
limbs,  during  that  period.  Obviously,  there  : 
better  chance  of  growing  a  satisfactory  crop  ( 
a  short  period  than  a  long  one,  and  quality 
defects  are  of  less  concern  in  pulpwood  than  j 
sawlogs.  Trees  from  the  best  loblolly  seed 
sources  seem  capable  of  persisting  in  satisfa( 
fashion  for  at  least  20  to  30  years  in  southei 
Illinois  and  western  Kentucky.  If  sawtimber 
rotations  are  the  goal,  as  would  be  the  case  i 
most  non-industrial  landowners,  loblolly  may  i 
be  the  species  of  choice.  In  southern  Illinoi 
shortleaf  pine  has  slower  initial  growth  rate 
loblolly,  but  its  survival  over  the  long  term 
better  (Gilmore  and  Funk  1977). 

Sawlog  rotations  for  loblolly  of  optimum 
source  may  well  be  feasible  in  the  Ouachitas, 
where  the  climate  is  slightly  warmer  than  in 
southern  Illinois  and  Kentucky.   In  25-year-ol 
provenance  tests  about  50  miles  south  of  the 
Ouachitas,  the  only  loblolly  populations  that 
performed  poorly  are  those  from  near  the  Gulf 
Coast  (Wells  and  Lambeth  1983).   Trees  from  th 
Atlantic  Coast  sources,  which  are  being  used  t 
the  most,  are  performing  particularly  well. 
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CHEMICAL  WEED  CONTROL  TO  ESTABLISH  NATURAL  AND  ARTIFICIAL  OAK 
REGENERATION  IN  A  MECHANICALLY  THINNED  UPLAND  HARDWOOD  STAND. 
G.  M.  Wright,  P.  E.  Pope,  B.  C.  Fischer,  H.  A.  Holt,  and  W.  R.  Byrnes 


Abstract. — A  contoination  of  silvicultural  treatments  were 
evaluated  in  an  attetpt  to  establish  adequate  oak  advanced 
regeneration  prior  to  final  harvest  in  an  upland  oak-hickory 
stand  in  southern  Indiana.   Thinning-from-below  to  60% 
stocking,  coppicing  of  small  diameter  oak  stems,  control  of 
understory  vegetation  using  mist-blown  herbicides,  and 
interplanting  of  6  types  of  northern  red  oak  (Oiercus  rubra 
L.)  stock  was  performed  on  the  8  acre  study  site.  Overall, 
thinning  and  total  vegetation  control  was  successful  in 
iitproving  establishment  of  natural  and  artificial  advanced 
oak  regeneration,  with  a  release  harvest  probable  after  5 
years . 
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Advanced  oak  regeneration  is  rarely  present 
in  adequate  numbers  to  replace  a  stand  with  an 
oak  conponent  equal  to  or  greater  than  existed  in 
the  pre-harvest  stand.  This  "oak  regeneration 
problem"  persists  throughout  the  upland  oak 
region.   Failure  to  find  solutions  to  this 
problem  may  cause  significant  changes  in  future 
availability  of  oak  species  to  the  forest  product 
industry . 

If  oak  regeneration  is  not  well  established 
at  harvest,  it  is  unlikely  that  oak  will  be  a 
significant  coirponent  of  the  future  stand 
(Sander,  1979;  Loftis,  1979).  To  be  considered 
established,  oak  regeneration  must  be  4.5  feet 
tall.  For  a  future  stocking  goal  of  221  dominant 
and  codcminant  oaks  for  an  average  stand  diameter 
of  3  inches  dbh,  there  must  be  443  well 
distributed  stems  of  advanced  regeneration  per 
acre  (Sander  et  al.,  1976).   Advanced  oak 
regeneration,  however,  chronically  fails  to  meet 
these  stocking  levels,  making  up  only  2  -  10%  of 
new  stands  regardless  of  the  silvicultural  system 
(Watt,  1979;  Sander,  1979;  Fischer  and  Holt, 
1981;  Loftis,  1983) . 


Paper  presented  at  the  Southern 
Silvicultural  Research  Conference,  Atlanta, 
Georgia,  November  7-8,  1984. 
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Partial  cutting  to  reduce  overstory  deniiift 
may  be  combined  with  planting  to  improve  advaKijJ 
regeneration  (Johnson,  1976;  Wendel,  1980) 
Initial  survival  of  planted  seedlings  is  usu;  1 
adequate,  but  they  fail  to  conpete  with  oth 
types  of  woody  vegetation  and  herbaceous  invai  = . 
This  is  especially  true  on  good  sites.  Oak  srb' 
sprouts  on  the  other  hand,  will  compete  anlj  ii 
frequently  have  at  least  one  dominant  or  1  '^ 
codominant  stem  by  age  15 ,  and  will  produce  a  ^cl,  P 
potential  sawlog  tree  (Lamson,  1976;  Johnscii 
1977;  Johnson  and  Rogers,  1980).  I  6Si 


Canbining  thinning,  weed  control,  and  s] 
management  with  interplanting  of  selected  c 
species  may  be  necessary  to  achieve  an  adequ 
oak  component  in  the  future  stand  (Holt  et  2 
1981)  .  Removing  all  ccarpeting  vegetation  usi 
mist-blown  herbicide  site  preparation  treatir 
will  enable  planted  oak  seedlings  to  becar 
established  and  conpete  (Horsley,  1982;  Wended 
Kochenderfer,  1982) .  To  prevent  destruction 
oak  and  other  desirable  reproduction,  steins 
in.  stunp  diameter  should  be  coppiced  at  least 
week  prior  to  herbicide  ^plication.  The  3 
limit  is  chosen  because  Johnson  (1977)  repor 
that  white  and  black  oak  sprouting  probabilii 
peak  at  3  in.  stunp  diameter  and  decrease  raf 
for  stunp  diameters  greater  than  6  inches, 
addition,  the  crown  of  trees  >  3  in.  stumi 
diameter  are  usually  above  the  effective  3  iw 
spray  ceiling  of  the  mist  blower. 

Unfortunately,  past  oak  plantings  ha' 
demonstrated  discouragingly  slow  early  growth 
a  high  frequency  of  dieback  (Sander  et  al.,  1: ' 
This  is  attributed  to  a  root-shoot  imbalance  i ' 
upsets  the  relative  ratio  of  transpiration  to 
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absorption  (Garrett  et  al.,  1979).  A  number  of 
cultural  methods  have  been  used  to  tailor  the  oak 
seedling  to  inprove  this  balance  in  favor  of  the 
roots.  Inoculation  with  selected  ectoraycorrhizal 
fungi,  coupled  with  foliar  fertilization  in  the 
nursery  iitproved  black  oak  root  bioitiass,  diameter, 
and  leaf  area  (Wright,  1979)  but  failed  to  provide 
a  significant  conpetitive  edge  when  outplanted 
(Dixon,  et  al.,  1981).   Containerization, 
top-pruning,  mulching  and  fertilization  have 
provided  limited  success  in  iitproving  oak 
establishment  (Wendel,  1980;  Pope,  1981;  Johnson, 
1984). 

A  combination  of  cultural  treatments  will  be 
necessary  to  successfully  establish  adequate  oak 
regeneration.  How  much  can  a  land  manager  afford 
to  spend  to  increase  the  oak  coirponent  of  a  stand? 
Based  on  the  demand  for  high  quality  oak  in  the 
marketplace,  can  he  afford  not  to  spend  what  is 
necessary?  This  study  examines  a  combination  of 
intensive  cultural  treatments  designed  to  insure 
adequate  advanced  oak  regeneration  at  final 
harvest  time. 

The  objectives  of  the  study  were  to  evaluate 
coppicing,  total  vegetation  control  with 
mist-blown  herbicides,  and  six  types  of  planting 
stock  in  establishing  advanced  oak  regeneration  in 
mechanically  thinned  and  unthinned  stands. 


MATERIALS  AND  METHODS 

The  Study  Area 

The  study  is  being  conducted  at  the  Southern 

Indiana  Purdue  Agriculture  Center  on  unglaciated 

i  sand  stone-shale  derived  soils.  These  soils  are 

representative  of  about  a  million  acres  of  upland 

:  forestland  in  Indiana.  The  predominate  soil  type 

.  was  a  Gilpin  silt-loam  (Ultic  Hapludalf )  with  6  - 

20%  slopes  and  a  southerly  aspect.   This  soil 
;  occurs  on  upland  sites  and  is  commonly  forested 
i  due  to  slope  steepness.   It  is  well  drained  and 
i  moderately  permeable,  with  a  42  in.  depth  to 
I  siltstone  bedrock. 

j  White  oak  (CXtercus  alba  L.)  was  tne  dominant 
(  species  in  the  uneven-sized  oak-hickory  stand  and 
!  combined  with  northern  red  (Ouercus  rubra  L.) , 

black  (Ouercus  velutina  L.) ,  and  scarlet  (Ouercus 
!  coccinea  Muenchh.)  comprised  75%  of  the  sawtimber 
sized  (>  12  in.  dbh)  stocking.  Hickories  (Carya 
spp.),  v^ite  ash  (Fraxinus  americana  L.),  and 
sugar  maple  (Acer  saccharum  Marsh.)  were  a  minor 
conponent  of  the  stand.  The  average  age  of  the 
dominant  trees  was  80  years.  White  oak  site  index 
is  70  feet  (Carmean,  1971) . 

Experimental  Design 

The  experimental  design  for  the  study  was  a 
split-split  plot  with  v^ole  units  arranged  in  a 
randomized  coirplete  block  design.  There  were  four 
blocks,  two  plots  (unthinned,  thinned),  two 
cultural  treatments  (control,  total  vegetation 
control  with  mist-blown  herbicides) ,  and  six 
sub-sub  plots  (six  types -of  planting  stock).  The 
total  study  area  was  8  acres. 


Thinning 

The  thinning  phase  ot  the  study  was 
conpleted  in  1981  using  a  teller-buncher  to 
remove  whole  trees  4  -  12  in.  dbh.   This 
"thinning-from-below"  simulated  normal  timber 
stand  iirprovement  (TSI)  operations  in  which  trees 
are  chemically  deadened.  Unlike  normal  TSI,  the 
inferior  stems  were  skidded  to  a  landing  and 
chipped  for  pulp  or  energy  chips. 

The  basal  area  was  reduced  from  105  ft/acre 
(>  2  in.  dbh)  to  65  ft/acre  by  the  thinning 
operation  (Gibson  et  al.,  1982).  The  unthinned 
plots  were  adjacent  to  the  thinned  area  and 
averaged  77  ft/acre  basal  area. 

Coppicing  of  Oak  Stems 

All  oak  advanced  regeneration  greater  than 
4.5  ft.  tall  and  <  3  inches  stuitp  diameter  was 
coppiced  using  a  chainsaw  or  hand  pruners  in 
August  1982.   The  coppicing  was  coitpleted  two 
weeks  prior  to  the  mist-blowing  treatment  to 
prevent  herbicide  uptake  by  the  coppiced  oak 
stems.  All  coppiced  stems  were  tagged  so  sprout 
development  could  De  monitored.  Only  sprouts  in 
the  total  vegetation  control  treatments  were 
coppiced. 

Herbicide  i^lication 

On  September  1,  1982  a  3  gallon  Soio  (Model 
423)  back -pack  mist-blower  was  used  to  apply  a 
broadcast  application  of  glyphosate  (1.5  lb 
ae/acre)  plus  triclopyr  (1.5  lb  ae/acre)  in  25 
gallons  water  per  acre  as  the  total  vegetation 
control  (TVC)  treatment.   All  understory 
vegetation  ^  3  meters  in  height  was  treated  with 
the  fine  droplet  spray  in  both  the  unthinned  and 
thinned  plots.   Species  in  the  understory 
included:   Ouercus  spp.,  Carya  spp.,  Acer  spp., 
Fraxinus  americana  L.,  Fagus  grandifolia  Ehrh., 
Liriodendron  tulipfera  L. ,  Crataegus  spp.. 
Viburnum  spp..  Sassafras  albidum,  Vitis  spp., 
Rhus  spp.,  Smilax  spp.,  Carpinus  carolipjafia 
Walt.,  Ostrya  virginiana  (Mill)  K.  Koch., 
Diospyros  virginiana  L. ,  and  Amelanchier  arborea 
(Michx.  f.)  fern. 

To  assess  weed  control  success  and  determine 
the  degree  of  woody  corrpetition  for  the  oak 
regeneration,  1  m  x  46  m  permanent  vegetation 
transects  were  established  prior  to  the  herbicide 
application  (5%  sairple)  .  Species,  total  height, 
stunp  diameter  and  origin  (stuirp  sprout  or 
seedling)  was  recorded  tor  all  woody  stems  >  15 
cm  tall.   In  addition,  each  stem  was  assigned 
coordinates  to  facilitate  remeasurement.   The 
transects  were  remeasured  in  September,  1983,  to 
assess  weed  control. 

Planting  Stock 

Six  types  of  planting  stock  were 
underplanted  on  a  3  m.  x  3  m  spacing  in  all 
understory  treatjnents.  Sixteen  seedlings  of  each 
stock  typie  were  planted  in  each  1/2  acre 
treatment  sub-plot  for  a  total  of  1536  seedlings 
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on  the  study  area.   The  stock  types  were:   1) 
containerized  northern  red  oak  (NRD)  (CXiercus 
rubra  L.)  inoculated  with  Pisolithus  tinctorius 
(Pt)  ,  a  known  mycorrhizae-former  with  oak,  2) 
non- inoculated  containerized  NRO,  3)  bare-root  1-0 
NRO  inoculated  with  Pt  4)  non- inoculated  bare-root 
1-0  NRD,  5)  bare-root  1-0  NRO  grown  in 
experimental  subirrigated  beds,  and  6)  bare-root 
2-0  NRD  grown  in  subirrigated  beds. 

The  containerized  seedlings  were  grown  in  a 
shadehouse  for  one  growing  season  in  160  cm  (4  cm 
X  4  cm  X  10  cm)  volume  containers  filled  with  a 
peat-vermiculite-soil  potting  mixture.   The  Pt 
mychorrizal  inoculum  was  a  peat-vermiculite  media 
which  was  incorporated  into  the  sterilized  potting 
soil  of  the  inoculation  treatments  at  a  rate  of 
200  ml/ ft  of  surface  area.   The  bare-root  1-0 
seedlings  were  grown  in  conventional  nursery  beds 
at  the  Jasper-Pulaski  State  Nursery.   The  Et 
inoculum  was  incorporated  at  a  rate  of  200  ml/ft 
into  the  inoculation  treatment  seedbeds  by 
hand-tilling  to  a  depth  of  6  inches  between  the 
rows.  The  bare-root  1-0  and  2-0  subirrigated  NRO 
seedlings  were  grown  in  experimental  containerized 
seedbeds  at  the  Vallonia  State  Nursery.   The 
silica-sand  rooting  media  was  subirrigated  to 
maintain  a  constant  water  table  under  the  beds  and 
a  free  water  supply.  The  water  t-able  restricted 
tap  root  length  to  approximately  18  cm  (1-0)  and 
25  cm  (2-0)  .   The  subirrigation  is  designed  to 
eliminate  wounding  from  severe  root  pruning  and 
stimulate  lateral  root  formation.  All  planting 
stock  was  graded  prior  to  planting  to  insure 
uniformity  within  stock  types  (Table  1) . 


Table  1. — Initial  size  of  northern  red  oak 
planting  stock. 


Type  of 

Diameter 

Height 

Mycorrhizal 

stock 

mean 

mean 

infection 

(mm) 

(cm) 

(%) 

2/ 
OONT-I 

5.1 

29 

42  3/ 

4/ 

17  ^ 

CONT-NI 

4.7 

29 

BR- 1 

7.1 

42 

48 

BR-NI 

6.6 

45 

24 

BR-S  1-0 

3.5 

23 

- 

BR-S  2-0 

5.1 

31 

— 

1/ 


2/ 


3/ 


4/ 


Measured  2  cm  above  root  collar. 

CONT-1       =   containerized  -  inoculated  with  Pt 
CONT-NI  =  containerized  -  non-inoculated 
BR-I    =  bare-root  1-0  -  inoculated 
BR-NI    =  bare-root  1-0  -  non- inoculated 
BR-S  1-0  =  bare-root  1-0  -  subirrigated 
BR-S  2-0  =  bare-root  2-0  -  subirrigated 

76%  of  total  infection  was  Et. 

Infection  due  to  natural  forms  of  nycorrhizae, 
49%  of  which  was  Thelephora  tcrrestris. 


RESULTS 

Weed  Control 

(>ie-year  after  the  herbicide  treatment 
of  the  understory  vegetation  15  cm-3  m  tal] 
controlled  in  the  unthinned  total  vegetat 
control  (TVC)  treatments  and  73%  in  the  th; 
treatment  areas.  An  additional  7  and  10%  o 
vegetation  respectively,  was  >  25%  topkill€ 
the  herbicides.  Virtually  all  of  the  herba 
vegetation  was  controlled  by  the  non-selec 
herbicide  treatment.  Natural  mortality  in 
unthinned  and  thinned  control,  26  and  1^ 
respectively,  was  enchanced  by  severe  droug; 
the  summer  of  1983.  The  15%  difference  in 
control  between  the  unthinned  and  thinned 
treatments  was  due  to  the  large  number  of  s 
clunps  resulting  from  the  1981  thinning, 
small  amount  of  foliage  surface  area  of  the 
cluirps  did  not  translocate  a  lethal  dosage 
herbicide  to  the  large,  established  root  sy. 
The  carry-over  of  weed  control  into  the  1 
growing  season  was  good  despite  the  fact  t 
glyphosate  has  no  residual  activity  and  trie 
has  little.  Therefore,  no  additional  weed  o 
was  necessary  during  the  1984  growing  season 
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Seedling  Survival 

After  two  years,  seedling  survival  (Tabi|2a) 
was  significantly  greater  (p  <  0.05),  75%,  ,lr 
seedlings  grown  in  thinned-TVC  treatments  cai|red 
to  unthinned-controls ,  64%.   These  trends  li 
consistent  across  all  seedling  types  with  :ii 
exception  of  the  bare-root  1-0  and  2-0 "[ 
subirrigated  seedlings,  which  displayed  no  t|ds  " 
between  treatments.   Containerized  seedlii 4 
displayed  the  largest  response  to  both  thiriig 
and  TVC  while  bare-root  stock  responded  i  < 
significantly  to  either  TVC  (81-83%)  or  thiii[ng  . 
alone  (72-84%),  vdien  coitpared  to  unthinnif 
controls  (62-66%)  . 

Inoculation  had  no  significant  effect  1 1  f 
survival  (Table  2b)  for  either  the  containeiiisd 
or  bare-root  stock,  with  the  exception  of  ii  , 
thinned-control  treatment.   Overall,  bare-jcjt 
stock  survival  averaged  10%  better  than  contiiier 
stock  (78%  versus  68%) .    Bare-root  1-0  i 
subirrigated  seedling  survival  was  signifiarjLy 
greater  than  bare-root  2-0  seedlings,  averanig  ; 
20%  better  across  all  treatments  (72%  versus  ?U. 


Seedling  Total  Height 


Total  height  (Table  2a)  after  two  yean 
significantly  greater  (p  <  0.05)  for  all  seecl 
receiving  thinning  or  TVC,  and  was  iitprov 
further  for  the  containerized  seedlings  by  t 
combination  of  thinning  and  TVC.  Container 
seedlings  averaged  almost  double  (57  cm  vs.  if^n) 
the  total  height  of  the  unthinned-contro 
treatments.  The  bare-root  1-0  seedlings  recei 
some  cultural  treatment  were  41%  taller  on  t 
average  than  unthinned  controls.  The  bare-  ' 
1-0  and  2-0  subirrigated  seedlings  v/hich  had  : 
no  significant  trends  in  survival  reflect  < 
ijiproved  total  height  by  the  addition  of  at 
one  type  of  cultural  treatment. 


268 


Inoculation  with  £t  had  no  significant  effect 
on  total  height  (Table  2b)  of  the  containerized  or 
bare-root  1-0  seedlings.    Bare-root  2-0 
subirrigated  stock  was  significantly  taller  in  all 
treatments  than  the  bare-root  subirrigated  1-0 
stock,  averaging  7  cm  (34  cm  vs.  27  cm)  across  all 
treatments.  This  is  probably  due  to  the  larger 
initial  size  of  the  bare-root  2-0  subirrigated 
seedlings. 

Net  Height  Growth 

Second-year  height  growth  (Table  2a)  was 
significantly  (p  <  0.05)  greater  for  the 
unthinned-control  in  all  cases.  This  is  contrary 
to  expectations.  However,  it  can  be  explained  by 
the  large  amounts  of  animal  damage  to  the 
unthinned-control  treatments.    Seventy-five 
[percent  of  the  seedlings  in  the  unthinned-control 
were  browsed,  primarily  by  deer,  compared  to  only 
'l3%  of  the  seedlings  in  the  thinned  TVC.  This 
resulted  in  vigorous  lateral  or  basal  sprouts. 
JBrowsing  may  partially  account  for  the  survival 
decrease  for  this  treatment. 

Again,  inoculation  did  not  significantly 
linprove  net  height  growth  (Table  2b)  with  the 
'exception  of  the  containerized  seedlings  in  the 
unthinned-control.   Net  height  growth  of  the 
containerized  seedlings  was  better  than  the 
^bare-root  1-0  seedlings,  though  the  differences, 
[v^ile  statistically  significant,  were  small  (8.5 
an  vs.  6  cm)  .   There  were  no  significant 
differences  in  net  height  growth  between  the 
bare-root  1-0  subirrigated  and  2-0  seedlings. 

Coppice  TDtal  Height  and  Number  of  Live  Sprouts 

Oak  stems  coppiced  in  the  thinned  area  prior 
to  the  herbicide  treatment  were  significantly  (p  < 
0.05)  taller  than  those  in  the  unthinned  area  (79 
cm  and  60  cm  respectively)  .  Vigor  of  the  stuirp 
sprouting  was  indicated  by  the  larger  number  of 
live  sprouts  per  stump  in  the  thinned  area  (5.4 
sprouts/stuitp  vs.  4.1  sprouts/stuirp)  and  multiple 
flushes  of  growth. 


DISCUSSION 

The  "thinning-from-below"  accoirplished  the 
"60%  overstory  stocking  prescribed  by  Sander  (1979) 
(based  on  stocking  guides  developed  by  Gingrich 
(1967)  for  upland  hardwoods)  to  regenerate  oak 
successfully.  The  main  difference  is  the  size  and 
quality  of  residual  trees  left  in  this  stand, 
•niis  study  removed  smaller  diameter  trees  v^ile 
normal  shelterwood  cuts  remove  only  some  of  the 
dominants  and  codominates.  The  next  piiase  of  this 
study,  v^ether  another  thinning  or  final  harvest, 
will  yield  a  very  high  value  product.  Over  the 
5-10  year  interval  between  initial  thinning  and 
the  next  harvest  or  release,  growth  will  be 
concentrated  on  higher  value  crop  trees  as  they 
benefit  from  the  decrease  in  moisture  and  nutrient 
coitpetition. 


Table  2a. — Growth  parameters  for  seedlings  after 
two  years  by  stock  type,  thinned  or  unthinned, 
and  understory  treatment. 


Net 

Second/ 

Total 

Height 

Stock/ 

Year 

Height 

Growth 

Thinning 

Treatment 

Survival 

Year  2 

Year  2 

(%) 

(cm) 

(cm) 

CONT-I 

Unthinned 

control 
TVC  ^' 

64a  1/ 

31a 

12a 

62a 

49b 

9b 

Thinned 

control 

62a 

47b 

83 

TVC 

783 

57c 

7b 

CONT-NI 

Unthinned 

control 

69a 

26a 

9a 

TVC 

69a 

46b 

9a 

Thinned 

control 

62a 

47b 

7b 

TVC 

80b 

56c 

7b 

IBR-I 

Unthinned 

control 

66a 

33a 

9a 

TVC 

83b 

50b 

6b 

Thinned 

control 

84b 

46b 

5c 

TVC 

87b 

47b 

4c 

BR-NI 

Unthinned 

control 

62a 

35a 

9a 

TVC 

81c 

50b 

6b 

Thinned 

control 

72b 

47b 

5b 

TVC 

87c 

49b 

4b 

BR-S  1-0 

Unthinned 

control 

67a 

21a 

8a 

TVC 

87b 

29b 

6b 

Thinned 

control 

59c 

28b 

5b 

TVC 

77d 

29b 

5b 

BR-S  2-0 

Unthinned 

control 

59a 

30a 

6a 

TVC 

75b 

35b 

4b 

Thinned 

control 

33c 

33b 

4b 

TVC 

41cd 

37b 

3c 

Numbers  followed  by  the  same  letter  within 
cultural  treatments  are  not  significantly 
different  (p  <  0.05)  based  on  Duncan's  multiple 
range  test. 

o/ 

TVC  =  total  vegetation  control 
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Table  2b. — Growth  parameters  for  seedlings  after 
two  years  by  thinned  and  unthinned  understory 
treatments  and  stock  type. 


Net 

Second- 

Total 

Height 

Year 

Height 

Growth 

Treatments 

Stock 

Survival 

Year  2 

Year  2 

(%) 

(cm) 

(cm) 

Unthinned 

-  Controls 

CONT-I 

64ab  ^^ 

3  led 

12c 

CONT-NI 

69b 

26b 

9b 

BR-I 

66ab 

33cd 

9b 

BR-NI 

62b 

35de 

9b 

BR-S  1-0 

67b 

21a 

8ab 

BR-S  2-0 

59a 

30c 

6a 

-  TVC 

CONT-I 

62a 

49cd 

9b 

CONT-NI 

69ab 

46c 

9b 

BR-I 

83d 

50d 

6a 

BR-NI 

81  cd 

50d 

6a 

BR-S  1-0 

87d 

29a 

6a 

BR-S  2-0 

75bc 

35b 

4a 

Thinned 

-  Controls 

CONT-I 

62b 

47c 

8b 

CONT-NI 

62b 

47c 

7b 

BR-I 

84d 

46c 

5a 

BR-NI 

72c 

47c 

5a 

BR-S  1-0 

59b 

28a 

5a 

BR-S  2-0 

33a 

33b 

4a 

-  TVC 

CONT-I 

78b 

57d 

7b 

CONT-NI 

80bc 

56d 

7b 

BR-I 

87c 

47c 

4a 

BR-NI 

87c 

49c 

4a 

BR-S  1-0 

77b 

29a 

5a 

BR-S  2-0 

41a 

37b 

3a 

Numbers  followed  by  the  same  letter  within 
stock  types  are  not  signficantly  different  (p  < 
0.05)  based  on  Duncan's  multiple  range. 

Frequently,  overtopped  or  intermediate  oaks 
in  a  stand  are  as  old  as  their  dominant  or 
codominant  neighbors.   McGee  (1981)  found  that 
overtopped  v^ite  oaks  6-12  inches  dbh  with  good 
stem  form  and  adequate  crown  would  respond  to 
release.  Low  vigor,  smaller  diameter  trees  with 
poor  form  or  crowns  should  be  coppiced  since  the 
sprouting  probability  is  high  (Johnson,  1977)  and 
a  more  vigorous  higher  quality  tree  will  probably 
develop.  Generally,  the  large  number  of  sprouts 
that  form  initially  will  naturally  thin  to  2  or  3 
by  year  15,  with  occasional  stuitps  needing 
thinning  to  get  a  single,  good  quality  stem. 
Coppicing  of  oak  has  proven  successful  in  this 
study  with  irultiple  flushes  resulting  in  30-40 
cm/year  height  growth  of  the  dominant  sprout. 
Only  17%  of  the  coppiced  stuitps  failed  to  sprout 
and  a  large  number  of  the  coppiced  seedlings  <4.5 
feet  tall  have  also  produced  vigorous  sprouts. 
Conpleting  the  coppicing  at  a  time  when 
root-stored  carbohydrates  are  at  a  peak,  such  as 
late  summer,  will  also  inprove  sprouting  success. 


Broadcast  back-pack  herbicide  applicat: 
large  acreages  are  costly  ($65.00  per  acre 
cost  in  this  study)  and  labor  intensive.  He 
in  cases  where  group  selection  or  patch  cle 
have  been  made  or  where  a  aense  understory 
problem  exists,  the  mist-blower  treatment  r 
useful.  The  rate  and  combination  of  chem; 
used  provided  good  translocation  and  cont 
Higher  rates  would  be  an  unnecessary  expend 
the  risk  of  "quick  kill"  (burning  of  the  fo 
may  reduce  translocation  and  decrease  cont 
Glyphosate  alone  at  1.5  lb  ae/acre  has  pro 
satisfactory  understory  control  at  anot} 
southern  Indiana  site,  but  without  the  carr 
effect  seen  in  this  study  (John  Seifert,  pe 
communication) . 
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Fall  planting  is  not  usually  a  recanm  led 
practice  for  bare-root  hardwood  stock  in  soMern 
Indiana,  due  to  the  threat  of  frost  heavim  nd 
animal  damage.    In  contrast  the  early 
establishment  of  container  stock  (frost  heavi'i  is  | 
not  a  problem  with  containerized  stock)  shoijbe'; 
beneficial  to  survival  and  first  year  groi  (, 
since  root  growth  may  begin  shortly  af  ti  i 
planting.  The  mild  winter  after  planting  arJack;; 
of  deep  freezing  prevented  frost  heaving  oj  ae  :; 
bare-root  seedlings  in  this  study.   Howevej  ^ 
first-year  growth  of  these  fall  planted  seeJigs ;' 
(12-16  cm)  still  was  not  adequate  to  keep  U]  1th  ' 
natural  sprouts.  The  question  comes  to  niira  ■'jiiiy  ;• 
interplant  a  stand  that  has  oak  coppice,  \  ]i  "' 
seedlings  that  at  best  may  grow  at  a  rate  o:  'ily  " 
25%  that  of  sprouts. 


The  slow  growt±  rates  for  the  first 
growing  seasons  (12-16  cm  and  3-12  cm)  maj 
partly  attributed  to  the  severe  drought  in  ! 
of  1983  and  prolonged  dry  spells  in  the  sum 
1984.  However,  the  seedlings  infected  w: 
mycorrhizae  should  have  been  better  drouc 
avoiders  and  should  have  recovered  better  ; 
these  dry  conditions  ended  (Dixon  et  al . ,  1 
This  was  not  the  case.  Inoculation  appare 
provided  no  significant  benefits  to  seedl 
survival  or  height  growth.  The  mycorrhi; 
condition  has  been  reported  to  reverse  its 
after  outplanting  (Shemakhanova,  1962) .  Th; 
have  been  the  case  here,  however  no  seedling 
reassessed  to  verify  if  this  occurred.  'J 
reversal  is  due  to  unfavorable  edaphic  condj 
such  as  soil  moisture  level,  fertility,  tex 
temperature,  pH,  or  presence  of  antagonistic 
of  natural  fungi  (Wright,  1979) .  Also, 
colonization  of  the  non- inoculated  seedling 
natural  forms  in  the  nursery  (17-24%  infecti 
after  outplanting  may  have  masked  tiie  benefi 
the  inoculation  with  Pt  (42-48%  infection). 
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The  additional  expense  of  growing, 
transporting  and  planting  the  containeri2; 
seedlings  does  not  seem  justified  after  t  f 
growing  seasons,  when  coirpared  to  bare-root 


nursery  stock.   It  is  believed  that  the  plaii:^ 
of  a  containerized  seedling  with  an  undisti 
root  system,  a  high  root: shoot  ratio,  ideal 
hardened  off  and  ready  to  plant,  would  resu!  tin 
less  planting  shock,  better  survival,  and  ea: 
growth  (Tinus,  1979).  However,  the  smaller 
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diameter  seedlings  were  easy  prey  for  rodents,  and 
sometimes  selectively  browsed  by  deer  due  to  their 
succulent  nature  and  high  salt  concentrations. 
Second  year  growth  was  slightly  iiiproved  for  the 
container  seedlings,  so  benefits  may  still  be  seen 
in  later  years. 

The  seedlings  grown  in  subirrigated  beds 
exhibited  the  slowest  growth  rates  and  poorest 
survival  of  the  six  stock  types.  This  may  be  due 
in  part  to  the  smaller  diameter  and  height  of  this 
stock,  but  a  conspicuous  lack  of  any  mycorrhizal 
development  of  the  root  systems  may  have 
contributed  to  the  poor  performance,  since  fungal 
hyphae  are  the  primary  organ  of  absorption  of 
mycorrhial  plants  (Harley,  1969) . 


CONCLUSIONS 

The  addition  of  at  least  one  cultural 
treatment  was  beneficial  to  the  survival  and 
establishment  of  the  oak  coppice  and  planted 
seedling  in  all  cases.   When  both  thinning  and 
total  understory  vegetation  control  were  combined, 
survival  and  growth  of  containerized  seedlings 
increased  even  more.  The  increase  in  available 
light,  nutrients,  and  moisture  from  thinning  and 
TVC  have  aided  in  establishment  of  this  advanced 
oak  regeneration.   If  the  growth  rate  of  the 
planted  oak  seedlings  iirproves  in  year  3  or  4  then 
the  site  preparation  treatment  was  probably 
successful  in  giving  the  seedlings  the  head  start 
needed  to  compete  with  invading  vegetation. 
However,  it  is  doubtful  that  the  planted  seedlings 
will  keep  up  with  the  coppice  regeneration. 
Release  of  the  advanced  regeneration  will  take 
place  in  5-10  years  at  a  time  before  growth  of 
advanced  regeneration  begins  to  slow. 
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INFLUENCE  OF  MIDSTORY  AND  UNDERSTORY  VEGETATION  REMOVAL 


1/ 


ON  THE  ESTABLISHMENT  AND  DEVELOPMENT  OF  OAK  REGENERATION— 

2/ 
G.  C.  Janzen  and  J.  D.  Hodges- 


Abstract. — ^Three  years  after  treatment,  the  number  of 
oak  seedlings  older  than  one  year  was  increased  either  by 
injection  or  injection  and  spraying  of  the  midstory  and 
understory  vegetation.  Presence  of  herbaceous  vegetation  was 
found  to  be  beneficial  in  the  establishment  of  oak  seedlings. 
Although  new  oak  seedlings  were  not  large  enough  to  be 
depended  on  as  advanced  regeneration,  they  were  more  vigorous 
where  the  midstory  and  understory  vegetation  was  eliminated. 


INTRODUCTION 

In  many  southern  bottomland  hardwood  stands 
indesirable  species  tend  to  dominate  the 
mderstory  to  the  exclusion  of  the  more 
lesirable  species  (Johnson  and  Biesterfeldt 
970).  This  is  a  result  of  mismanagement  or 
lanagement  of  hardwoods  through  single-tree 
];election  which  favors  the  shade-tolerant 
Species  (Johnson  1975).  Therefore,  when  these 
*tands  are  regenerated,  they  consist  of  a  lower 
proportion  of  oaks  than  the  stands  which 
.ireceeded   them    (Johnson   1979)  . 

The  major  difficulty  hardwood  managers  face 
s  when  advanced  oak  regeneration  is  not 
iiresent.  Clearcutting  will  not  produce  the 
esired  oak  stand  if  there  is  not  adequate 
.dvanced  oak  regeneration  (Marquis  1982). 
.efore  a  hardwood  stand  is  harvested, 
onsideration  should  be  given  to  the  presence  or 
bsence  of  desirable  advanced  regeneration, 
ohnson  (1980)  has  developed  a  system  for 
ivaluating  regeneration  in  southern  hardwood 
tands  immediately  preceeding  final  harvest, 
his  system,  as  well  as  other  systems  developed 
jor  eastern  U.S.  hardwoods,  is  based  on  the  size 
nd  number  of  desirable  stems  present  before  the 
jtand  is  cut  (Sander  et  al .  1976,  Marquis  and 
jorkhom  1982).  Values  are  assigned  according 
0  the  ability  of  seedlings  or  stumps  to  respond 
r    sprout.       Sizes    which    are    given    the    highest 
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value  for  oaks,  according  to  Johnson's 
evaluation,  are  seedlings  which  are  greater  than 
one  foot  in  height  or  stems  less  than  ten  inches 
diameter  at   breast  height    (dbh) . 

Newly  germinated  oak  seedlings  or  very 
small  oak  seedlings  present  before  the  final 
harvest  are  not  able  to  compete  with  larger 
sprout-origin  stems  when  the  stand  is 
regenerated  (Sander  1972,  Loftis  1982).  Thus, 
if  oaks  are  the  species  to  be  managed  in  the 
next  stand,  treatments  designed  to  establish 
advanced  regeneration  of  adequate  size  should  be 
undertaken.  Reduction  of  overstory  basal  area 
is  the  technique  most  often  recommended  to 
establish  oaks  in  the  understory.  If  the 
overstory  is  such  that  sufficient  sunlight 
passes  ,  through,  reduction  of  overstory  basal 
area  does  little  to  enhance  establishment  of 
desirable  regeneration.  Many  stands  contain 
high  densities  of  shade-tolerant  species  in  the 
lower  canopies  that  exclude  sunlight  from 
shade-intolerant  species  (Johnson  and  Krinard 
1976,  McKnight  and  Johnson  1980,  Kellison  et  al. 
1981).  Reduction  of  basal  area  in  the  upper 
canopy  (or  areas  where  the  upper  canopy  is  open 
enough  to  allow  sufficient  direct  sunlight)  must 
coincide  with  removal  of  midstory  and  understory 
vegetation  in  order  to  allow  sufficient  sunlight 
to  reach  the  forest  floor  where  seedlings  are 
developing  (Johnson  and  Jacobs  1981,  Loftis 
1982). 

Also,  vines  and  other  herbaceous  weeds  can 
pose  a  serious  problem  to  seedling  development. 
If  the  amount  of  cover  by  vines  is  large,  many 
more  seedlings  are  needed  in  order  to  push  their 
way  above  this  mat  of  vegetation.  If  herbaceous 
weeds  grow  to  heights  of  six  feet  or  taller, 
they  may  shade  out  any  seedlings  developing 
underneath  this  herbaceous  layer  (Johnson  and 
Biesterfeldt  1970).  On  the  other  hand,  if 
herbaceous     vegetation     competition     is     not     too 
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severe  for  seedling  development,  it  can  be 
beneficial  to  seedling  establishment. 
Herbaceous  weeds  can  serve  to  protect  seedlings 
from  browsing  by  deer.  Also,  they  can  protect 
the  soil  from  baking  or  puddling,  which  in  turn 
protects  seedlings  from  too  little  or  too  much 
moisture  (Putnam  et  al .  1960). 

Another  problem  in  establishing  oak 
regeneration  is  the  highly  variable  production 
of  viable  acorns.  Also,  loss  of  good  acorns  to 
animal  depradation  and  weather  can  be 
substantial.  If  acorns  remain  to  germinate, 
they  must  have  adequate  surface  soil  moisture  to 
allow  roots  to  grow  into  the  mineral  soil  (Arend 
and  Scholz  1969)  .  Once  a  seedling  is 
established,  environmental  conditions  determine 
whether  that  seedling  will  be  able  to  survive  in 
the  understory  (Carvell  and  Tryon  1961)  . 

In  most  bottomland  hardwood  stands  lacking 
adequate  advanced  reproduction,  light  to  the 
forest  floor  is  probably  the  major  factor  that 
limits  the  development  of  desirable  species. 
The  objective  of  this  study  was  to  determine  if 
removal  of  this  unwanted  vegetation  in  the 
midstory  and  understory  was  sufficient  to  allow 
oak  aud  other  desirable  regeneration  to  become 
established  before  the  final  harvest. 


METHODS 

An  area  that  did  not  contain  adequate 
advanced  oak  regeneration  was  selected.  This 
area  is  located  on  the  John  W.  Starr  (MSU) 
Memorial  Forest  in  Oktibbeha  County, 

Mississippi  and  is  within  the  floodplain  of  the 
Noxubee  River.  The  overstory  is  biologically 
mature  as  indicated  by  stem  size,  thin  crowns, 
bark  characteristics,  and  slow  growth  of  the 
overstory       trees.  The       overstory       consisted 

primarily  of  cherrybark  oak  (Quercus  falcata 
var.  pagodaefolia  Ell.)  and  swamp  chestnut  oak 
(Quercus  michauxii  Nuttl.);  with  the  lower 
stories  essentially  hickory  (Carya  spp.),  blue 
beech  (Carpinus  caroliniana  Walt.),  pawpaw 
(Asimina  triloba  (L. )  Dunal) ,  and  green  ash 
(Fraxinus  pennsylvanica  Marsh.).  The  small 
amount  of  ground  flora  present  is  composed 
mainly  of  shade-tolerant  species.  The  overstory 
is  60  years  old.  Site  index  (base  age  50  years) 
for  cherrybark  oak  on  this  site  is  100  feet 
(Baker  and  Broadfoot    1979). 

There  was'  very  little  difference  in  the 
number  of  stems  per  acre,  basal  area  (square 
feet  per  acre) ,  or  mean  dbh  (inches)  for  those 
trees  larger  than  4.0  inches  dbh  present  at  the 
time  treatments  were  installed  (Table  1).  The 
midstory  was  composed  of  mainly  low  value 
shade-tolerant  species  while  the  overstory 
consisted  primarily  of  oaks.  Due  to  the 
presence  of  a  dense  midstory,  desirable  species 
do  not  develop  to  a  size  such  that  they  can  be 
depended   on  as   advanced  regeneration. 


Fifteen  plots,  100  feet  by  100  feet,  wi 
established.  Within  each  plot,  five  permani 
subplots  of  ten  feet  by  ten  feet  were  installi 
These  subplots  were  used  initially  to  subsam; 
seedlings  (0  to  3  feet  in  height)  ,  sm* 
saplings  (3  to  10  feet  in  height),  and  la 
saplings  (10  feet  in  height  to  4.0  inches  dl 
of  all  species  present  before  treatments  w< 
installed.  All  trees  within  each  plot  wh: 
were  larger  than  4.0  inches  dbh  were  tall: 
according  to  species,  dbh,  and  canopy  posit: 
(upper-  or  mid-canopy) .  , 

The  following  treatments  were  randor  ; 
assigned  according  to  the  desired  vegetat: : 
control   sought. 

(1)  Inject   only.       Inject    plots    represent    th(  ; 
plots    in    which    all    trees   greater    than    '.  .j 
inch    dbh    which    were    not    considered    fiiil 
crop    trees    were    injected    with    Round-up*^  ' 
regardless    of    strata    position.       Crop    tr(  • 
were    chosen    on    the    basis    of    their    abilit 
to      produce      at      least      one      number      thi  = 
factory    grade    sawlog     (USDA    Forest    Servi 
1981).        Rot     and    other     defects    were    ot 
considered       if       there      was      a      chance 
mortality     or     loss     of     grade     to     the    poJ)| 
where       the        tree       would       not       meet       1 
requirements     for     a     number     three     sawld 

(2)  Inject/spray.  Inject/spray  plots  combirii 
injection  as  above  and  foliar  spraying  wi-l 
Round-up  of  the  remaining  stems  £ " 
vegetation  which  could  be  reached  with 
backpack  sprayer  (height  of  approximate  I 
10   feet)  . 

(3)  Control.  Control        plots        received 

midstory 


herbicide  treatment; 

understory  remained    intact. 


1 


Measurements     to     assess     treatment     effec 
were  made    in   the   permanent   subplots  as  needed 
determine    germination    and    establishment    of    r 
seedlings.       Each    stem    found   within   the  subplc 
was   tallied   according   to   species  and   size   clas 
Size     classes    were    assigned    as    follows:       #1, 
to       20       centimeters       (cm)       in      height       (ne^^ 
germinated    seedling);     #2,    0    to    20    cm    in   heig 
(seedling  older   than   1  year);    #3,   21   to  50   cm 
height;    #4,    51    to    100   cm   in   height;    #5,    101 
150    cm    in   height;    #6,    151    cm    in   height    to    1 
dbh;      #7,      1     cm     dbh     plus.        Also,     a     sub  samp 
within     each     size     class     for     each     species    \s 
marked      in     the     initial     measurement     for     futu 
remeasureraent.  A       subsample       of       oaks       tb 

germinated  in  the  second  year  followl 
treatment  was  also  marked.  Height  (and  dbh  we 
applicable)  was  measured  for  each  marked  ti 
for     an     evaluation    of    growth    and    developmen 
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—  Use    of    trade,    firm,    or    corporation    names 

for    the    reader's    information    and    convenienc 

Such       use       does       not       constitute       offici 

endorsement        or       approval        by       Mississip 
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able  1. — Number  of  stems  per  acre,  basal  area  (ft  per  acre)  and  mean  dbh  (in)  of  trees  greater  than  4.0 
inches  dbh  present  before  treatments  (midstory  and  overstory  trees). 


Number  of  Stems  per  Acre 

Inject/ 

Inject  Spray  Control 


BA  (ft'^/acre) 


X  DBH  (in) 


Inject/  Inject/ 

Inject    Spray    Control    Inject    Spray    Control 


ied  Oaks-' 

9  / 
fhite  Oaks±.' 


3/ 


Ither  Desirables—' 

k  I 
.ess  Desirables—' 


TOTAL 


29 

21 

15 

52.6 

48.6 

39.3 

16.5 

18.5 

20.8 

18 

20 

24 

20.7 

22.9 

24.4 

12.9 

12.9 

12.5 

27 

21 

34 

8.6 

10.0 

13.1 

7.1 

8.5 

7.3 

55 

58 

55 

19.4 

18.0 

22.0 

7.4 

6.9 

7.9 

129 

120 

128 

101.3 

99.5 

98.8 

10.1 

10.2 

10.2 

Red   oaks:      cherrybark,    Shumard,    water,   and  willow  oak 
White  oaks:      overcup  and    swamp  chestnut  oak 
Other  desirables:      green  ash  and   sweetgum 


Table    2. — Regeneration   present   before  treatments 
were   installed. 


Number  of  Number  of 

Number  of     ,  Other         .  Less  , 

Treatment      Oaks/Acrei-'   Desirables^-'    Desirables^' 


L'Less  desirables:      American  beech,    American  holly,    black  cherry,    blackgura,    eastern  hophornbeam,    elm, 
hickory,    ironwood,    persimmon,    red  maple,    and    sugarberry 


RESULTS  AND  DISCUSSION 

Regeneration   Present   Before  Treatment 

The  pretreatment  survey  showed  no 
'Significant  difference  between  the  number  of 
laks  present  on  the  different  plots  (Table  2). 
lany  of  these  oaks  were  seedlings  which  had 
■germinated  the  same  year  as  the  plots  were 
installed.  Very  few  of  these  seedlings  survived 
[intil  the  following  year  or  thfe  poor  vigor  made 
tt  doubtful  that  these  seedlings  would  live  very 
|Long.  There  were  significantly  more  seedlings 
ipf  desirable  species  in  the  inject/spray  and 
tontrol  plots  than  in  the  inject  plots.  Other 
desirable  species  for  the  purpose  of  this  study 
hre  green  ash,  sweetgum  (Liguidambar  styraciflua 
I.),  and  yellow-poplar  (Liriodendron  tulipifera 
•-.).  All  other  species  were  considered  as  less 
Sesirable  due  to  their  low  commercial  value  or 
because  they  were  off-site.  Of  the  desirable 
species,  green  ash  comprised  a  large  percentage 
ht  the  advanced  stems.  Green  ash  is  the  only 
desirable  species  found  in  this  study  area  that 
\.s  shade-tolerant.  There  was  also  a  significant 
fiifference  in  the  number  of  less  desirable 
species  present  before  treatments  with  the 
Inject  plots  having  the  highest  number  and  the 
Lnject/spray  the  lowest  number.  However,  the 
iiigh  number  of  less  desirable  shade-tolerant 
opecies  present  in  all  plots  reflects  a 
'situation  which  would  lead  to  unsatisfactory 
''egeneration   if   the   stand  were  clearcut. 


Inject 

610  a-^ 

523  b 

5,645  a 

Inject/ 
Spray 

714  a 

1,080  a 

3,101   b 

Control 

732  a 

1,115  a 

4,356  ab 

—'Oaks:      cherrybark,    swamp  chestnut,    water,    and 
willow  oak 

— '^Other   desirables:      green  ash  and   sweetgum 

—'Less  desirables:      American  beech,    American 
holly,    black  cherry,    blackgum,   deciduous 
holly,    dogwood,    elderberry,    elm,    hickory, 
ironwood,    pawpaw,   persimmon,    red   maple,    red 
mulberry,   and   sugarberry 

—''values    that   are   followed   by  the  same    letter 
indicate  no   statistical  difference  at   the    .05 
level . 
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Effects  of   Treatments  on  the  Stand 

Injection  of  the  undesirable  stems  removed 
very  little  of  the  total  basal  area  (Table  3). 
Because  of  the  fairly  open  nature  of  the 
overstory,  removal  of  raidstory  and  understory 
stems  usually  created  openings  large  enough  for 
direct      sunlight      to      reach,     the      forest      floor. 

Effect  of  Treatments  on  Establishment 
and  Development  of  Seedlings 

The  number  of  oak  seedlings  and 
saplings  per  acre  greater  than  one  year  old 
present  in  the  third  year  after  treatment  was 
significantly  increased  in  the  treatment  plots 
(Table  4).  Also,  the  condition  of  many  of  the 
oaks  greater  than  one  year  old  in  the  control 
plots  is  such  that  it  is  questionable  whether 
they  will  be  able  to  survive  until  the  next 
growing  season.  Seedlings  of  other  desirable 
species  present  three  years  after  treatment  were 
increased  on  the  inject  plots  while  the  number 
of  other  desirable  stems  decreased  on  the 
inject/spray  plots.  This  difference  occurred 
because  all  stems  were  treated  with  chemicals  on 
the  inject/spray  plots.  Spray  application  was 
done  in  such  a  manner  that  both  desirable  and 
less  desirable  stems  were  treated  with 
chemicals.  Virtually  all  of  the  stems  present 
on  the  inject/spray  plots  were  killed  whereas 
stems  too  small  to  be  injected  were  not  killed 
in  the  inject  plots.  There  was  a  slight  drop  in 
the  number  of  other  desirable  stems  in  the 
control  plots.   Yellow-poplar  was  practically 


Table  4. — ^Regeneration  greater  than  1  year  ol  .. 
present  3  years  after  treatments  were  r 
installed.  I 


Number  of 
Other 


Number  o. 
Less 


Number  of  .    v-^..^^ 
Treatment  Oaks/Acre^'  Desirables^.'  Desirable:: 


Inject 

Inject/ 
Spray 

Control 


4/ 


1,760 

1,359   ab 

505     b 


1,690   a  4,826  a 

767     b  1,167     b 

923   ab  4,129   a 


—'Oaks:      cherrybark,    swamp  chestnut,    water,   ar  : 
willow  oak  \ 

—Other  desirables:      green  ash  and   sweetgura 

—'Less   desirables:      American   beech,    American 
holly,    beauty   berry,    black  cherry,    blackgum, 
deciduous  holly,    dogwood,    elderberry,    elm, 
hawthorn,   hickory,    ironwood,    pawpaw, 
persimmon,    red  maple,    red  mulberry,    and 
sugarberry 

—  Values    that   are   followed   by  the  same    letter 
indicate  no   statistical  difference   at   the    .0 
level . 


Table   3. — ^Number  of    stems   per  acre,   basal   area   (ft     per  acre),    and  mean  dbh    (in)    of   trees   greater   than 
4.0    inches   dbh   present   after   treatments  were   installed    (raidstory  and    overstory   trees). 


Number  of   Stems   per  Acre 

Inject/ 

Inject  Spray  Control 


BA   (ft^/acre) 


X  DBH    (in) 


Inject/  Inject/ 

Inject  Spray  Control  Inject  Spray  Control 


Red  Oaks- 

19 

18 

15 

49.4 

47.1 

39.3 

21.0 

22.3 

20.8 

White  Oaks—' 

8 

11 

24 

17.6 

17.0 

24.4 

19.6 

16.9 

12.5 

Other  Desirables- 

5 

6 

34 

3.7 

5.1 

13.1 

12.4 

13.1 

7.3 

Less  Desirables— 

5 

3 

55 

5.6 

4.4 

22.0 

15.0 

17.4 

7.9 

TOTAL 

37 

38 

128 

76.4 

73.7 

98.8 

18.9 

18.9 

10.2 

—Red   oaks:      cherrybark,    Shumard,    water,   and  willow  oak 


White  oaks:      overcup  and   swamp  chestnut   oak 


2/ 

3/ 

—'Other   desirables:      green  ash  and   sweetgum 

—  Less  desirables:      American  beech,    American  holly,    black  cherry,    blackgum,    eastern  hophornbeam,    elm, 
hickory,    ironwood,    persimmon,    red  maple,    and    sugarberry 


■lfl 


non-existent  in  the  control  plots  and  the  few 
sweetgum  that  are  present  are  dying  back..  Also, 
some  of  the  green  ash  are  showing  signs  of 
dieback.  The  number  of  less  desirable  stems 
remained  practically  the  same  in  the  control 
plots  whereas  they  increased  in  number  in  the 
inject  plots.  The  less  desirable  stems  in  the 
inject  plots  came  from  trees  too  small  to  be 
injected  or  new  seedlings  established  after  the 
treatments  were  installed.  There  was  a  sharp 
decrease  in  the  number  of  less  desirable  species 
in  the  inject/spray  plots  due  to  the  injection 
and  spraying  of  all  stems.  Undesirable  stems 
present  three  years  after  treatment  of  the  plots 
came  predominantly  from  seedlings  established 
after  the  treatments  were  installed. 


Effect  of  Treatments  on  Establishment 
and  Development  of  New  Oak.  Seedlings 

Inject  plots  had  significantly  more  new  oak 
seedlings  which  germinated  during  the  three 
years  since  treatment  than  did  inject/spray  and 
control  plots  (Table  5).  Part  of  this  increase 
can  be  explained  by  the  fact  that  more 
herbaceous  vegetation  is  present  on  the  inject 
plots.  Acorn  germination  was  very  poor  the 
first  year  after  treatments  were  installed; 
thus,  very  few  new  oak  seedlings  were  found  in 
any  plot.  During  the  winter  before  the  second 
growing  season  after  treatments  were  installed, 
the  entire  area  was  subjected  to  several  floods 
in  which  the  water  moved  very  swiftly  across  the 
plots.  Many  of  the  new  oak  seedlings  were  found 
in  areas  where  herbaceous  vegetation  or  debris 
trapped  acorns  being  washed  across  the  plots. 
Herbaceous  weeds  and  debris  also  played  an 
important  role  in  the  survival  of  oak  seedlings. 
Very  few  seedlings  of  any  species  were  found  in 
areas  which  were  completely  devoid  of  any 
vegetation  or  debris.   This  is  probably  due  to 


protection  of  the  soil  from  drying.  During  the 
three  years  since  treatment  there  have  been 
several  droughts  in  which  large  cracks  in  the 
soil  were  observed.  Areas  that  had  herbaceous 
vegetation  or  debris  covering  the  soil  had  few 
or  no  cracks  in  the  soil.  In  all  plots, 
cherrybark  oak  was  the  most  prevalent  of  the 
oak  species  which  germinated. 

Even  though  seedlings  in  none  of  the 
treatments  showed  outstanding  growth,  heights  of 
new  cherrybark  oak  seedlings  on  the  inject  and 
inject/spray  plots  are  significantly  taller  than 
new  cherrybark  oak  seedlings  on  the  control 
plots  (Table  6).  Heights  were  taken  on  marked 
trees  at  the  end  of  the  third  growing  season 
after  treatments  were  installed.  Also,  the 
vigor  of  new  cherrybark  oak  seedlings  appears  to 
be  better  in  the  inject  and  inject/spray  plots 
than  in  the  control  plots.  There  is  not  a 
statistical  difference  between  the  heights  of 
other  new  oak  seedlings  for  the  three  different 
treatments.  But,  there  is  such  a  small  number 
of  new  oak  seedlings  other  than  cherrybark  oak 
still  alive  in  the  control  plots  that  any 
statistical  analysis  does  not  reflect  the 
differences  between  plots. 


Table  6. — Mean  height  (cm)  for  cherrybark  oak 
seedlings  which  germinated  after  treatments 
were  installed;  measurements  taken  3  years 
after  treatment. 


Treatment 


X  CBO  Height  (cm) 


Inject 

Inject/Spray 

Control 


15.41   aX/ 


16.95   a 
9.60     b 


Table  5. — Number  of   oaks   per  acre  that  germi- 
nated after   treatments  were   installed  and   the 
number  of    these  new  oaks   that   were  greater 
than    1   year   old   3   years   after   treatments  were 
installed . 


—  Values    that   are  followed   by  the  same   letter 
indicate  no  statistical  difference  at   the    .05 
level . 


Number  of  Number  of   New  Oaks 

New  Oaks/Acre         >  1   yr.    old/ Acre 


Treatment 


Inject 

Inject/Spray 
Control 


6,081  a. 
2,997      b 
2,439     b 


1/ 


1,620   a 
1,254  ab 
418     b 


—'Values   that   are    followed   by   the   same   letter 
indicate  no  statistical   difference   at   the    .05 
level. 


CONCLUSION 

Control  or  elimination  of  vegetation  in  the 
lower  stories  greatly  enhances  the  environment 
for  the  development  of  desirable  species  and 
thus  increases  the  possibility  of  obtaining 
adequate  regeneration  before  the  stand  is 
harvested.  One  or  two  year  old  oak  seedlings 
are  not  of  a  size  that  are  most  desirable  for 
advanced  regeneration,  but  they  have  survived 
better  and  appear  most  vigorous  in  areas  where 
the  midstory  and  understory  vegetation  was 
removed.  This     better     performance     in     treated 

plots     appears     to     be     primarily    the    result    of 
greater      light     exposure     at     the     forest     floor. 
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Germination  of  desirable  spjecies  other  than 
oak  has  been  low  on  all  plots,  but  establishment 
has  been  higher  in  the  treatment  plots  than  in 
the  controls,  and  vigor  of  all  seedlings  appears 
much  better  in  the  treated  plots.  Development 
of  less  desirable  species  in  the  treatment  plots 
has  not  adversely  affected  the  development  of 
desirable  regeneration. 

Some  areas,  where  floodwaters  flow  rapidly 
across  the  surface,  may  be  almost  devoid  of 
regeneration  of  any  kind.  On  such  areas,  it 
appears  that  debris  and  herbaceous  vegetation, 
if  not  too  thick,  can  be  beneficial  to  the 
establishment  of  oak  seedlings  by  trapping  the 
acorns  and  providing  a  favorable  environment  for 
germination  and  early  growth. 
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COMPETING  VEGETATION  ASSESSMENT  SYSTEMS 

IN  YOUNG  SOUTHERN  PINE  PLANTATIONSi/ 

Bruce  R.  Zutter,  Glenn  R.  Glover,  and  Dale  F.  Dickensl/ 


Abstract  —  Considerations  and  a 
design  of  a  competing  vegetation  asse 
for  use  in  evaluating  southern  pine  p 
lease  are  outlined.  The  Virginia  Div 
Free-to-Grow  (FTG)  classification,  a 
ing  limited  use,  is  presented  as  an  e 
Using  data  from  three  pine  release  re 
FTG  classification  is  shown  to  adequa 
the  competitive  status  of  pines  prior 
effectiveness  of  vegetation  control  t 
to  post-treatment  growth  of  pines. 


pproaches  in  the 
ssment  system  (CVAS) 
lantations  for  re- 
ision  of  Forestry 
CVAS  presently  see- 
xample  of  a  system, 
search  studies,  the 
tely  characterize 

to  release,  reflect 
reatments,  and  relate 


INTRODUCTION 

Foresters  are  becoming  more  aware  of  the 
ffects  of  competing  vegetation  on  the  growth  and 
ield  of  southern  pines.   This  increased 
wareness  is  largely  due  to  research  published 
iithin  the  last  ten  to  fifteen  years.   The 
enefits  from  controlling  herbaceous  vegetation 
luring  the  first  few  years  of  a  stand,  either  by 
jultivation  or  herbicides,  have  been  demonstrated 
jor  loblolly  (Smith  and  Schmidtling  1970,  Nelson 
It  al  1981,  Knowe  e^  al  1985),  slash  (Baker  1973, 
larks  and  Haywood  1981),  and  longleaf  pines 
Pessin  1944,  Nelson  et.  al  1982).   The  control  of 
ompeting  hardwood  vegetation  in  young  stands  of 
oblolly  (Cain  and  Mann  1980,  Clason  1978, 
hipman  1954,  Minogue  ^  aj.  1984),  slash  (Pienaar 
t  al  1983),  and  longleaf  (Michael  1980,  Walker 
954)  pines  had  a  positive  effect  on  pine  growth. 
Ithough  most  of  the  above  mentioned  studies  give 
nly  short  term  results  for  young  stands, 
t  is  reasonable  that  effects  of  vegetation 
ontrol  would  continue  at  least  until 
ntraspecif ic  competition  became  a  more  dominant 

t.ctor  than  interspecific  competition. 
Reduction  of  hardwoods  at  an  early  age  in  a 
antation  is  extremely  important  given  that  in 
Ider,  established  stands  there  appears  to  be  a 
isproportionate  inverse  relationship  between 
ine  volume  and  the  percentage  of  hardwood  basal 
rea  in  the  stand.   This  is  illustrated  in  Figure 
using  data  from  competition  control  studies 


discussed  by  Langdon  and  Trousdell  (1974)  and 
Haines  (1981).   The  Langdon  and  Trousdell 
study  examined  the  effects  of  three  levels  of 
competition  control  in  regenerating  a  natural 
loblolly  pine  stand  in  the  North  Carolina 
Coastal  Plain,  while  the  data  from  Haines  is 
from  a  prescribed  burn  -  site  preparation 
study  in  slash  pine  in  the  Upper  Coastal  Plain 
of  Southwest  Georgia. 
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Figure  1. — Relationship  between  merchantable 
pine  volume  and  percent  of  stand  basal  area 
in  hardwoods  for  data  from  two  studies 
examining  hardwood  competition  control. 


Recently  Burkhart  and  Sprinz  (1984) 
developed  a  model  for  assessing  effects  of 
hardwood  competition  on  yields  of  loblolly  pine 
plantations.   Their  model  exhibits  behavior 
similar  to  that  noted  in  Figure  1. 

With  the  knowledge  that  competing  vegetation 
has  a  negative  impact  on  pine  growth,  millions  of 
dollars  are  being  spent  to  treat  weed  problems  in 
the  Southeast.   However,  this  is  often  done  with 
minimal  evaluation  or  survey  of  the  problems.   As 
a  result,  foresters  have  little  reliable 
information  on  the  need  for  treatment  and  the 
effectiveness  of  their  treatments.   It  is  the 
purpose  of  this  paper  to  outline  considerations 
in  the  design  of  a  competing  vegetation 
assessment  system  (CVAS),  and  examine  the 
characteristics  of  a  system  seeing  limited  use. 


CONSIDERATIONS  IN  THE  DESIGN  OF  A 
COMPETING  VEGETATION  ASSESSMENT  SYSTEM 

Discussion  concerning  system  design  will 
center  on  evaluation  of  competing  vegetation  for 
release,  the  selective  control  of  forest  weeds  in 
a  stand  of  crop  trees.   Similar  systems  could 
also  be  developed  for  prescription  of  site 
preparation  and  post-planting  herbaceous  weed 
control  treatments. 


Purpose  of  a  System 

Development  of  a  CVAS  is  largely  the 
development  of  a  data  collection  scheme  which  may 
be  translated  into  some  meaningful  measure  of 
assessment  that  may  be  used  by  management  in 
making  decisions. 

The  objective  of  a  CVAS  for  pine  release  is 
to  provide  appropriate  information  such  that 
foresters  may: 

1.  Identify  stands  that  will  respond  to 
release  (increased  survival,  growth, 
etc.) 

2.  Rank  stands  based  on  need  for  release 
(probability  of  stand  failure,  expected 
growth  loss,  stand  location,  return  on 
investment,  etc.) 

3.  Determine  appropriate  treatment 
(method,  chemicals,  etc.) 

4.  Monitor  short-  and  long-term  effective- 
ness of  treatments. 


Desirable  Attributes 

Ideally,  a  CVAS  must  accurately  measure  the 
relative  position  of  pines  to  competing 
vegetation.   This  may  be  done  by  measuring  the 
relative  size  and  abundance  of  competitors. 
However,  the  CVAS  must  be  practical.   Desirable 
attributes  of  a  system  are  as  follows  (Adapted 
from  Wagner  (1982)  : 


1.  quick 

2.  simple  to  understand 

3.  require  little  or  no  special  tra;[rig 

4.  some  degree  of  objectivity 

5.  require  no  elaborate  equipment 

6.  conducted  by  one  or  two  people 

7.  compatible  with  other  operations 
(i.e.  stocking  surveys) 

8.  applicable  to  different  sizes  ant 
types  of  vegetation 

A  number  of  approaches  may  be  undertaken  ^  t:h 
would  assess  the  size  and  abundance  of 
competing  vegetation  and  yet  have  most,  ii  jt 
all,  of  the  above  desirable  attributes. 

One  approach  would  be  to  simply  adapt 
some  traditional  cruising  procedure,  such  ;; 
systematic  fixed-radius  plot  sampling, 
horizontal  or  vertical  line  or  point  samp]  i>, 
strip  sampling,  etc.   One  would  record  tht 
species  and  some  measure  of  size,  such  as 
height  or  crown  volume,  for  each  rootstocl 
tallied  (hardwood  or  pine).   Decisions 
concerning  release  might  then  be  made  base:)n 
relative  size  of  pines  and  competing 
hardwoods,  hardwood  density,  and  species 
composition. 

Another  approach  would  involve  examiiii; 
competition  around  selected  trees  in  a 
plantation.   This  tree-centered  approach  1  = 
been  used  in  vegetation  management  researt  " 
where  detailed  measurements  of  competing 
hardwood  rootstocks  are  collected  within  i 
6-foot  or  2-meter  radius  circular  plot 
centered  on  the  pine.   To  be  practical  foi 
field  use  a  simple  tally  of  crown  volumes, 
rootstock  heights  or  percent  ground  cover  t 
species  within  a  fixed-area  plot  might 
suffice.   Wagner  (1982)  proposed  a  CVAS 
similar  to  this  for  application  in  the  Pacic 
Northwest.   In  testing  his  system  he  founc  i 
inverse  relationship  between  his  measure  cf 
competing  vegetation,  total  competitive 
influence  index  (TCI),  and  Douglas-fir  tree 
size  (Wagner  1984).   He  was  also  able  to  is; 
plantations  based  on  their  competitive  st£t; 
and  determine  the  percentage  contribution  : 
individual  species.   He  did  not  test  his 
system  to  determine  the  efficacy  of  specif i 
release  treatments. 


In  the  Southeast,  Dierauf  and  Garner 
developed  a  tree-centered  assessment  systet 
that  has  been  used  since  1971  in  the  Statt 
Virginia  to  assess  the  need  for  release  ar J 
evaluate  subsequent  treatments  (Appendix). 
Since  1980  their  system,  known  as  the  Virgii 
Division  of  Forestry  (VDF)  Free-to-Grow 
Classification,  has  been  applied  in 
cooperative  pine  release  herbicide  researc  i 
studies  between  Auburn  University  and  fore= 
industry.   It  will  be  used  as  an  example  c: 
CVAS  which  may  be  used  in  making  decisions 
concerning  pine  release. 
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-  AN  EXAMPLE  - 
VDF  FREE-TO-GROW  (FTG)  CLASSIFICATION 

Classification  Description 

In  the  VDF  FTG  classification^ a  pine 
seedling  is  placed  into  one  of  four  classes  based 
on  a  somewhat  subjective  determination  of  its 
potential  for:   (1)  capturing  a  place  in  the 
crown  canopy,  and  (2)  diameter  growth  up  to  the 
time  of  crown  closure.   Classes  are  determined  by 
the  size  and  vigor  of  pine  seedlings  relative  to 
the  size,  vigor  and  species  of  nearby  hardwoods 
(and  pines).   These  classes  may  be  briefly 
defined  as  follows: 

Class  1  -  Free-to-grow  without  significant 
hardwood  competition.   No  shading 
from  hardwoods  above  midpoint  of 
pine  stem. 

Class  2  -  Judged  to  be  free-to-grow,  but 
experiences  side  shading  from 
hardwood  competition  above  the 
midpoint  of  the  total  height  of 
the  tree. 

Class  3  -  Questionable  tree.   Without  re- 
lease, 10  to  90  percent  of  these 
pines  will  not  capture  a  place  in 
the  crown  canopy. 

Class  4  -  Not  free-to-grow.   Under  a  10 

percent  chance  of  gaining  crown 
canopy  position  (i.e.  sup- 
pressed) . 

A  more  detailed  description  of  the 
classification  is  given  in  the  Appendix.   The 
classification  involves  a  certain  amount  of 
subjectively,  yet  it  has  most  of  the  desirable 
attributes  previously  mentioned. 


Data 

Data  used  to  illustrate  the  FTG 
classification  were  taken  from  three  pine  release 
(Studies  established  in  the  fall  of  1980  and  the 
ispring  of  1981.   Study  site  descriptions,  etc. 
fare  given  in  Table  1.   Detailed  pine  and  hardwood 
measurements,  including  FTG,  were  made  just  prior 
to  herbicide  application,  and  one  and  two  growing 
{Seasons  after  application.   Post-treatment 
iBvaluations  were  made  in  late  summer  or  early 
if  all. 


Study  Results 

At  all  three  locations  a  decrease  in 
re-treatment  pine  height  was  observed  as  FTG 
class,  and  hardwood  competition   increased 
(Figure  2).   This  relationship  should  be 
characteristic  of  a  good  CVAS.   This  negative 
relationship  between  tree  size  and  hardwood 
competition  is  not  surprising  as  there  is  a 
'positive  relationship  between  present  levels  of 
competition  and  the  amount  of  competition  a  pine 
lias  experienced  in  the  past. 


An  additional  characteristic  of  a  good 
CVAS  is  the  ability  to  detect  treatment 
effects.   A  greater  positive  change  in  the 
percentage  of  free-to-grow  pines  (class  1)  at 
the  end  of  the  first  and  second  growing 
seasons  following  treatment  was  observed 
across  all  locations  for  pines  receiving 
herbicide  treatments  (Table  2).   Examination 
of  detailed  hardwood  density  data  indicated 
that  there  was  an  inverse  relationship  between 
the  change  in  the  proportion  of  pines  moving 
into  class  1  and  the  change  in  hardwood 
density.   Changes  in  hardwood  density  on 
herbicide  treated  areas  relative  to  check 
areas  were  much  less  at  location  B  than  at  the 
other  locations,  which  is  reflected  in  the 
smaller  change  in  class  1  pines. 

Provided  there  is  no  significant 
herbicide  damage  to  the  pines,  changes  in  FTG 
for  a  given  pine  should,  over  a  period  of 
time,  result  in  greater  growth  had  that  tree 
maintained   or  decreased  its  competitive 
position.   This  was  examined  for  the  three 
locations  by  computing  the  mean  height  growth 
during  the  two  growing  seasons  following 
herbicide  application  for  pre-treatment  and 
one  growing  season  post-treatment  FTG  values 
on  plots  receiving  herbicide  treatment. 
Results  were  largely  as  expected,  with  growth 
of  pines  being  related  to  pre-treatment  and 
post-treatment  values  of  FTG  (Figure  3;  height 
growth  values  given  are  for  FTG  combinations 
where  20  or  more  pines  were  observed). 

For  trees  maintaining  the  same 
competitive  status   or  FTG  class  (dark  hatched 
bars),  growth  increased  as  pines  were  more 
free  to  grow.   Pines  experiencing  a  positive 
change  in  FTG  exhibited  greater  growth  than 
trees  remaining  in  the  same  class,  while  a 
negative  change  in  FTG  resulted  in  less 
growth.   For  example,  at  location  B  for  pines 
prior  to  treatment  falling  in  FTG  class  2, 
those  which  moved  up  to  class  1  grew  6.0  feet, 
those  remaining  class  2,  5.6  feet,  and  those 
which  moved  down  to  class  3,  5.2  feet. 

In  general,  growth  of  pines  having  the 
same  FTG  class  one  growing  season  after 
treatment  was  inversely  related  to  the  FTG 
class  prior  to  treatment.   For  example,  at 
location  B  height  growth  of  trees  in  FTG  class 
2  one  year  after  treatment  was  6.5,  5.6,  5.2 
and  5.0  for  pre-treatment  classes  1  through  4, 
respectively. 

Provided  the  species  of  major  competitors 
of  each  evaluated  pine  are  recorded,  the  FTG 
classification  can  provide  the  forester  with 
adequate  data  on  which  decisions  concerning 
pine  release  can  be  made.   One  possible 
drawback  of  the  system   is  its  subjectivity, 
particularly  if  several  different  individuals 
are  making  assessments.   There  is  no  published 
work  that  has  shown  this  to  be  a  problem. 
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Table  1. — Study  site  descriptions  for  pine  release  studies  from  which  VDF  Free-to-Grow  data  were  tai| 


Location 


Cooperator 
Location 
Study  Type 

Treatment  Date 

Mean  pine  height  at 
treatment  (ft.) 

Mean  hardwood  height 
at  treatment  (ft.) 

Pine  age  at  treatment 


Scott 

Pine  Level,  AL 

Velpar  rate  and 
formulation 

April  8,  May  11,  1981 

4.9 

4.8 
4 


B 


Tennessee  River 

Houston,  MS 

Velpar  rate  and 
formulation 

March  27,  1981 

8.1 

5.9 
5 


Westvaco 
Buckingham  Co. 
Roundup  rate 

August  29,    198(8) 

3.2 

4.3 
3 


LOCATION      A 


LOCATION      C 


8: 

7- 

-- 

6- 

P 

U 
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a 

X 
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2- 

1- 
n. 

2  3 
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1  - 
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3- 


1  - 


2        3 
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Figure  2. — Mean  height  (feet)  by  pre-treatment  free-to-grow  classes  for  each  location  (brackets  give 
plus  or  minus  twice  the  standard  error). 
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Table  2. — Initial  distribution  of  Free-to-grow  classes  and  change  in  distribution  one  and  two  growing 
seasons  following  herbicide  application  date  for  check  and  herbicide  treated  areas. 


Location 


Pre-treatment  Distribution 
FTG  Check      Treated 

Class  (percent) 


Distribution  Change  by  Growing  Seasons 

after  Treatmentti 
1  2 


Check 


Treated     Check 
(percentage  points) 


Treated 


13 

14 

15 

24 

22 

22 

49 

40 

8 

8 

48 

43 

26 

26 

18 

23 

35 

32 

60 

61 

4 

6 

1 

1 

+11 

+39 

+15 

+43 

+  3 

-11 

+  5 

0 

+  1 

0 

+  2 

-  9 

-14 

-28 

-21 

-34 

+12 

+19 

FTG 

-  1 

0 

not 

-  5 

-  9 

CO 

llected 

-  6 

-10 

-21 

+25 

-28 

-  2 

+18 

-21 

+20 

+  3 

+  2 

-  4 

+  5 

-  1 

+  1 

-  1 

+  4 

+  1 

i/Val 


ues  given  represent  differences  in  the  percentages  of  pines  falling  within  a  given  class  prior  to 
treatment  and  1  or  2  growing  seasons  after  treatment.   (i.e.  class  1  pre-treatment  percentage  of  10 
and  1  year  post-treatment  percentage  of  50  represents  a  (50-10)  or  a  +40  percentage  point  change.) 


LOCATION     A 
S    YEAP      HEIGHT     GROVN/TH 

(FEED 


LOCATION      B 


a    YEAR      HEIGHT     GROXA/TH 

(nev 


LOCATION      C 
S    YEAR      HEIGHT     GROVt/TH 

(FEET) 


Figure  3. — Height  growth  (feet)  during  two  growing  seasons  following  herbicide  treatment  by  pre- 
treatment  and  one  growing  season  post-treatment  free-to-grow  (FTG)  values. 
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Within  organizations  currently  using  this  system, 
only  a  few  individuals  conduct  evaluations  which 
reduces  potential  problems  due  to  subjectively. 

Based  upon  data  from  a  24  year-old  site 
preparation  study  near  Fayette,  Alabama  (Whipple 
and  White  1965),  it  appears  that  differences  in 
pine  size  and  growth  for  various  FTG  classes 
noted  at  the  time  of  release  or  one  or  two  years 
following  release  may  continue  throughout  a 
rotation.   At  the  end  of  six  growing  seasons  each 
tree  in  the  study  was  assigned  to  a  vigor  class, 
a  classification  scheme  very  similar  to  the  VDF 
FTG.   Each  tree  was  located  in  a  manner  so  that 
its  identity  could  be  maintained.   After  the 
twenty-fourth  growing  season  the  pines  were 
remeasured. 


objectivity.   The  Virginia  Division  of 
Forestry  Free-to-Grow  (FTG)  Classificat 
one  system  which  meets  many  of  these  cr 
Although  the  FTG  Classification  is  subj 
in  research  studies  it  has  been  shown  t 
adequately  characterize  the  competitive 
of  pines  prior  to  release,  reflect 
effectiveness  of  vegetation  control 
treatments,  and  relate  to  subsequent  gr 
pines. 
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Additional  work  is  being  done  at  Aubui  i 
to  evaluate  somewhat  less  subjective 
approaches  to  competing  vegetation  assessmu. 
Current  research  is  evaluating  modificatioi  f 
of  the  tree-centered  approach  upon  which  tl  e 
VDF  FTG  Classification  is  based. 


A  summary  of  selected  treatments  is  given  in 
Table  3.   Trees  at  age  six  assigned  to  the 
excellent  vigor  class,  similar  to  FTG  class  1, 
had  greater  24-year  diameters  than  those  in  other 
classes,  while  those  in  the  poor  class  had  the 
smallest  24-year  diameters. 
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Table  3. — Mean  tree  DBH  in  1982  for  24-year-old 
planted  loblolly  pine  by  vigor  class  at  age 
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i-'See  Whipple  and  White  (1965)  for  descriptions 
of  treatments  and  vigor  classes. 

SUMMARY  AND  CONCLUSIONS 
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APPENDIX 

Free-To-Grow  Classification 

T.  A.  Dierauf  and  J.  W.  Garner, 
^       Virginia  Division  of  Forestry 

We  are  using  four  classifications  to 
describe  a  pine  seedling's  potential  for:   (1) 
capturing  a  place  in  the  crown  canopy,  and  (2) 
diameter  growth  up  to  the  time  of  full  crown 
closure.   These  classes  are  determined  by  the 
size  and  vigor  of  the  pine  seedlings  compared 
to  the  size,  vigor,  and  species  of  nearby 
hardwoods  (and  pines).   This  system  can  be 
used  for  pine  reproduction  of  any  age  prior  to 
full  crown  closure.   Larger  residual  hardwoods 
are  not  considered;  they  should  be  eliminated 
during  site  preparation.   Also,  root 
competition  from  hardwoods  is  not  considered. 

Class  1. 


Free-to-grow  without  significant  hardwood 
competition.   Class  1  trees  are  judged  to  have 
better  than  a  90  percent  chance  of  capturing  a 
place  in  the  crown  canopy.   Release  will  not 
benefit  these  trees. 

Class  2. 

Also  free-to-grow,  but  with  more  hardwood 
competition  than  class  1  seedlings.   Most  of 
the  hardwood  competition  is  side  shading. 
Like. class  1  trees  class  2  trees  are  judged  to 
have  better  than  90  percent  chance  of 
capturing  a  place  in  the  crown  canopy.   The 
separation  into  class  1  or  class  2  is 
arbitrarily  based  on  whether  nearby  hardwoods 
can  throw  shade  above  the  midpoint  of  the  pine 
seedling.   The  method  for  determining  height 
of  shading  is  to  measure  the  total  height  of 
the  hardwood,  then  rotate  a  straight  line  of 
that  length  from  the  base  of  the  hardwood  to 
the  point  where  it  touches  the  pine  stem  (in 
practice,  the  hardwood  is  usually  bent  over). 
If  this  point  is  below  one  half  the  total 
height  of  the  pine,  the  pine  is  class  1.   If 
above  one-half  the  total  height  of  the  pine, 
the  pine  is  class  2.   Release  will  benefit 
class  2  pines  primarily  by  increasing  diameter 
growth. 
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Class  3. 

Questionable  trees,  judged  to  have  between  a 
10  percent  and  90  percent  chance  of  capturing  a 
place  in  the  crown  canopy.   Even  for  pine  which 
eventually  make  it  into  the  crown  canopy, 
competition  will  greatly  reduce  diameter  growth. 
It  is  assumed  that  without  release,  half  of  these 
pines  will  not  capture  a  place  in  the  crown 
canopy. 

Class  4. 

Not  f ree-to-grow.   Judged  to  have  less  than 
a  10  percent  chance  of  capturing  a  place  in  the 
crown  canopy  because  of  suppression  by 
overtopping  hardwoods  (or  pines).   Release  will 
benefit  class  4  trees  only  at  very  young  ages 
(see  notes  below). 


I 


Notes : 


In  deciding  whether  a  seedling  is  class 

1  or  2,  side  shading  by  nearby  pines  is 
not  considered  (release  from  hardwoods 
would  have  no  effect  on  such  competition). 

Overtopping  or  potential  overtopping  by 
nearby  pines  however,  must  be  considered 
if  it  will  prevent  a  seedling  from  capturing 
a  place  in  the  canopy.   In  other  words,  a 
seedling  can  be  class  3  or  4  because  of 
competition  from  nearby  pine. 

In  deciding  whether  a  seedling  is  class 

2  or  3 ,  or  class  3  or  4,  the  vigor  of 

the  seedling  is  often  as  important  as  the 
amount  of  hardwood  competition.  The  pre- 
vious year's  leader  growth  and  the  length 
and  density  of  the  needles  are  indicators 
of  vigor. 

Class  4  seedlings  cannot  be  released  suc- 
cessfully after  age  2  or  3 ,  in  most  cases, 
because  nearby  class  1  and  2  seedlings 
will  usually  be  so  much  taller  that  they 
will  often  suppress  them.   For  the  same 
reason,  class  3  seedlings  can  not  be  re- 
leased successfully  after  age  3  or  4,  in 
most  cases. 
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LOBLOLLY  AND  SHORTLEAF  PINE  DIFFER  IN  THEIR  RESPONSE  WHEN  RELEASED  USING  HERBICIDE  SPRAYS 

2 
Richard  W.  Guldln 


Abstract. — A  60-acre  uneven-aged  natural  stand  of  mixed 
loblolly  and  shortleaf  pine  (Pinus  taeda  L.  and  _P.  echinata 
Mill.)  was  operationally  sprayed  with ^2  pounds  active  ingre- 
dient per  acre  of  2,4,5-T  in  1955  to  release  understory  pine 
seedlings  from  competing  hardwoods.  Surviving  trees  were 
sampled  in  1982  to  reconstruct  diameter  and  volume  growth  and 
to  develop  an  individual-tree  growth  response  model.  Young 
loblolly  pine  trees  had  grown  an  extra  1.42  inches  in  dbh  by 
1965  than  if  they  had  not  been  released,  and  taper  decreased 
sufficiently  to  increase  volume  an  additional  6  to  8  percent, 
depending  on  the  log  rule  used.  Shortleaf  pine  had  responded 
with  smaller  diameter  increments.  Shortleaf  pine  also 
decreased  in  taper,  but  the  volume  changes  induced  were 
insignificant.  Diameter  response  differed  significantly  by 
diameter  class  for  both  species. 


INTRODOCTION 

The  loblolly  pine-shortleaf  pine  (Pinus  taeda 
.  and  P.  echinata  Mill.)  cover  type  is  the  most 
idespread  of  all  the  southern  forest  types  (Mann 
980).   Both  pines  are  shade  intolerant  species 
hose  growth  is  adversely  affected  by  competition 
rovided  by  their  common  hardwood  associates — oaks 
Quercus  spp.),  gums  (Nyssa  spp.  and  Liquidamber 
tyraciflua  L.),  and  hickories  (Carya  spp.)  (Baker 
nd  Balmer  1983,  Lawson  and  Kitchens  1983).   For 
xample,  Grano  (1979)  reported  that  small  hard- 
oods  in  the  understory  of  a  47-year-old  loblolly 
ine-shortleaf  pine  stand  reduced  cubic-foot 
olume  growth  by  43  percent  and  board  foot  volume 
rowth  by  59  percent. 

Until  the  1950 's,  hardwood  control  programs  in 
Established  pine  stands  were  very  labor-intensive 
nd  time-consuming,  because  each  tree  had  to  be 
ndividually  treated.   Cut-stem  treatments  were 
pplied  using  a  variety  of  tools  and  techniques, 
hemicals,  such  as  ammonium  sulfamate,  were  occa- 
fionally  sprayed  on  the  cuts  or  injected  into 
Itllls  hacked  in  the  bole  of  each  tree.  When 
[[,4,5-T  [2,4,5-(trichlorophenoxy)  acetic  acid]  and 
lilvex  [2-(2,4,5-trichlorophenoxy)propionic  acid] 
iecame  available  to  release  pines  from  broadleaf 
ompetition,  treatment  costs  declined.  These 
hemicals  could  be  broadcast  inexpensively. 


j_/  Paper  presented  at  Southern  Silvicultural 
asearch  Conference,  Atlanta,  Georgia,  November 
-8,  1984. 

2_l   Principal  Economist,  USDA,  Forest  Service, 
puthern  Forest  Experiment  Station,  New  Orleans, 
pulsiana. 


eliminating  the  need  to  treat  individual  trees. 
Chemical  application  rates  could  be  adjusted  so 
that  broadleaf  vegetation  was  killed  or  severely 
stunted  while  the  pines  were  undamaged  or  only 
mildly  stunted. 

Today,  chemicals  for  pine  release  are  no 
longer  inexpensive,  and  costs  for  broadcast  appli- 
cation by  helicopter  are  rising.   Forest  managers 
must  take  into  account  possible  differences  in  the 
response  to  release  among  tree  species  and  sizes 
when  evaluating  potential  release  investments. 
The  purpose  of  this  paper  is  to  report  the 
response  of  an  uneven-aged  stand  of  loblolly  and 
shortleaf  pine  to  a  broadcast  chemical 
application.   Forest  managers  can  use  the  response 
data  presented  to  help  evaluate  whether  releasing 
their  particular  stands  will  be  profitable. 


DATA  AND  ANALYSIS 

A  60-acre  mixed  loblolly  and  shortleaf  pine 
stand  located  in  north-central  Louisiana  had  been 
released  in  1955.   The  stand  was  on  a  north-facing 
slope  that  had  seeded  naturally  to  pine  around  the 
turn  of  the  century  after  cotton  farming  was  aban- 
doned.  Irregular  harvests  led  to  the  establish- 
ment of  several  different  pine  age  classes.   By 
1950,  pines  comprised  the  dominant  and  codominant 
crown  classes  with  oaks,  hickories,  gums,  elms 
(Ulmus  spp.),  ash  (Fraxinus  spp.)  and  red  maple 
(Acer  rubrum  L.)  joining  pines  in  the  intermediate 
canopy  and  understory.   Shortleaf  pine  was  the 
principal  pine  species  at  the  top  of  the  slope, 
growing  on  a  Shubuta  fine  sandy  loam.   Shortleaf 
pine  merged  into  loblolly  pine  at  midslope  as  the 
soil  changed  to  a  wetter  Kirvin  gravelly  fine 
sandy  loam,  which  continued  into  a  stream  bottom 
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at  the  foot  of  the  slope.   The  site  is  typical  of 
many  upland,  rolling  sites  found  in  the  Upper 
Coastal  Plain  throughout  the  South. 

A  wildfire  in  1950  had  consumed  most  of  the 
understory  of  pine  and  hardwood  seedlings,  sap- 
lings, and  small  poles.   Although  new  pine  seed- 
lings germinated  prolifically  on  the  exposed 
mineral  soil,  hardwood  rootstocks  resprouted 
vigorously  and  gained  a  dominant  position.   In 
1955,  the  land  manager  decided  to  release  the  pine 
seedlings  by  applying  2  pounds  active  ingredient 
per  acre  of  2,4,5-T  using  a  tractor-mounted  mist- 
blower;  this  gave  excellent  control  of  hardwoods 
less  than  35  feet  tall.V   No  fires  have  burned  on 
the  site  since  1955.   The  only  other  silvicultural 
treatment  was  a  thinning  in  1974  that  removed  a 
portion  of  the  pine  sawtimber. 

When  measured  in  August  1982,  the  stand 
contained  an  average  per  acre  volume  of  4,400 
board  feet  Doyle  with  a  basal  area  per  acre  of 
68.5  square  feet  (table  1).   Site  index,  base  age 
25,  was  58  feet  for  loblolly  and  47  feet  for 
shortleaf.   Heights  and  diameters  were  measured 
and  increment  cores  were  taken  from  143  loblolly 
and  176  shortleaf  pines.   Twenty  representative 
pines  (based  on  the  dbh  distribution  of  all  pines) 
were  felled  and  sectioned  to  estimate  height 
growth  and  change  in  bole  taper. 

Based  on  limited  information  from  prior 
studies,  research  foresters  studying  herbicide 
effects  have  hypothesized  that  southern  pines 
respond  to  release  by  increasing  diameter  growth 
for  approximately  5  years.   After  this  response 
period,  and  in  the  absence  of  other  silvicultural 
treatments,  rate  of  growth  falls  back  to  pre- 
spraying  levels. W   Consequently,  periodic 
increments  were  measured  for  5-year  periods  and 
data  analyses  constructed  to  test  whether  or  not  a 
response  existed  the  first  5  years  after  spraying, 
1955-59,  and  whether  or  not  the  response,  if  one 
existed,  had  ended  by  1959  or  continued  into  the 
second  5-year  period  after  release,  1960-64. 

Data  analysis  proceeded  in  the  following 
steps : 

1).   Calculation  of  diameter  growth  rate  for 
each  tree.   Periodic  diameter  increments  were 
determined  from  increment  cores  by  measuring  the 
widths  of  annual  rings  for  5-year  periods 
(1950-54,  1955-59,  1960-64,  1965-69,  1970-74,  and 
1975-79)  to  the  nearest  0.025  inch. 

2).   Establishment  of  a  diameter  growth  trend 
for  "no-treatment"  time  periods.   Based  on  the 
hypothesis  of  a  5-year  response  period,  diameter 


Table  1. —  Average  stand  basal  area  and  volume  ]r 
acre  in  1982  1/ 


3_/  William  Henderson,  T.L.  James  Co.,  Ruston, 
La.,  personal  communication.   Henderson  was  the 
forester  in  charge  of  the  release  operation. 

4_/  J.D.  Haywood,  T.E.  Campbell,  and  J.L. 
Michael,  Southern  Forest  Experiment  Station,  New 
Orleans,  La.;  R.H.  Neill,  Velsicol  Chemical 
Company,  Marietta,  Ga.;  and  T.R.  Clason,  Louisiana 
Agricultural  Experiment  Station,  Homer,  La. 


Basal 
area 


Volume2/ 


International 


Do- 


Loblolly  Pine 
Shortleaf  Pine 
Mixed  Oaks 
Other  Hardwoods 


■square 

ft   - 

board   feet — 

13.0 

2,538                 1, 

16.0 

4,298                2, 

28.4 

1,592 

,      11.1 
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68.5 


8,714 


1_/  Based  on  110  plots  established  on  a  2-  by 
2-chain  spacing. 

2_/  International  1/4-Inch  Rule  calculates  volur ; 
in  trees  6  inches  dbh  and  larger  to  a  4  inch  t(  : 
Doyle  Rule  calculates  volume  in  trees  10  inche; 
dbh  and  larger  to  a  4-inch  top. 

growth  was  summarized  by  diameter  class  for  the 
periods  when  no  response  was  expected  (1950-54, 
1965-69,  1970-74,  and  1975-79).   This  trend  wa; 
used  to  project  diameter  growth  backwards  assuc  ii; 
an  absence  of  treatment  for  the  1960-64  period, 
when  continued  response  to  release  was  questioi - 
able,  and  the  1955-59  period,  when  a  response  v; 
expected.   The  no-treatment  diameter  growth  trert 
was  tested  for  sensitivity  to  variation  in 
rainfall  by  time  period  and  dbh  size  (also  a 
surrogate  for  age). 

3).  Calculation  of  the  diameter  response  t: 
spraying  for  an  individual  tree.  This  was  the t 
difference  between  projected  no-treatment  diamot 
increment  and  actual  diameter  increment  for 
1955-64.  Responses  were  calculated  by  diametew 
class. 

4).   Evaluation  of  possible  height  and  forur 
class  differences  for  treated  stands. 

5),   Estimation  of  volume  differences.  Th^ 
diameter,  height,  and  form  class  differences  wi 
combined  to  estimate  volume  response  to  sprayiri 


Detailed  methodology  for  analyzing  the  datsi 
appropriate  statistical  tests  and  investment 
analyses  employing  the  results  are  available  fil: 
the  author. 


RESULTS 

Diameter  Growth 

F.or  both  species,  average  periodic  diametec: 
increment,  calculated  from  increment  cores,  was« 
significantly  greater  the  first  5  years  after 
spraying  (1955-59)  than  any  other  5-year  period* 
(table  2).  The  1960-64  average  periodic  increiw 
was  also  significantly  greater  than  increments  : 
all  subsequent  periods  for  both  species.  Conse- 
quently, most  of  the  diameter  growth  response 
occurs  the  first  5  years  after  treatment,  but  s) 
response  was  still  seen  the  second  5  years.  Thf. 
finding  conflicts  with  the  hypothesis,  based  on' 
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ble  2. —  Average  periodic  diameter  increments 


riod 


Diameter  Increment 


50-54 
55-59 
60-64 
65-69 
170-74 
75-79 


Loblolly 

Shortleaf 

inches 

- 

1.55  cl/ 

1.37  b 

2.29  a 

1.65  a 

1.78  b 

1.25  b 

1.56  c 

1.06  c 

1.50  c 

1.02  c 

1.26  d 

0.89  c 

Increments  followed  by  the  same  letter  are  not 
gnificantly  different  at  the  0.01  level. 


Ipited  information  from  prior  studies,  that 
ilsponse  lasts  approximately  5  years.   Ongoing 
jiudies  should  be  monitored  for  at  least  10  years 
jjter  release  to  measure  the  full  diameter  growth 
ijsponse  to  release  in  both  loblolly  and  shortleaf 
[ne.   Economic  decisions  based  on  increased 
jlowth  for  only  3  to  5  years  after  release  are 
Ised  on  only  a  part  of  the  total  dollar  benefits. 

Because  the  area  was  operationally  treated,  as 
cjposed  to  a  planned  study  with  controls,  an 
ijsprayed  "check."  area  was  not  available.  To 
eitimate  pine  growth  in  the  absence  of  release, 
cita  pairs  [dbh  at  the  start  of  the  period, 
cameter  increment  during  the  period]  for  the 
-year  periods  with  no  apparent  response  to 
hrbicide  release  (1950-54,  1965-69,  1970-74  and 
175-79)  were  pooled  into  separate  data  sets  for 
Iblolly  and  shortleaf  pine.   There  were  452  data 
firs  for  loblolly  and  513  pairs  for  shortleaf 
foe.   There  was  no  significant  difference  (0.05 
Ivel)  in  rainfall  quantity  among  periods,  so  the 
dpa   were  unaffected  by  possible  variations  in 
all  moisture.   Each  data  set  was  then  divided 
ilpo  diameter  classes  (less  than  6  inches,  8  inch, 
1;  inch,  16  inch,  and  18  inches  or  greater),  and 
^rage  periodic  diameter  increments  were  calcu- 
Ited  for  each  diameter  class.   Then  these  average 
"fc>-treatment "  increments  were  compared  class  by 
cass  to  the  average  increments  for  the  1955-59 
ad  1960-64  periods.  Duncan's  New  Multiple  Range 
Ist  (Duncan  1955,  Kramer  1956)  was  used  to 
eiluate  whether  differences  in  average  diameter 
iirement  among  dbh  classes  were  significant. 
lit   results  showed  significant  differences  not 
oly  among  the  1955-59,  1960-64,  and  no-treatment 
pciods  for  each  dbh  class,  but  also  response 
deferences  among  dbh  classes  within  each  time 
P'iod.   Consequently,  the  trees  were  grouped  into 
tjree  diameter  categories:  less  than  10  inches 
d|i,  10  to  14  inches  dbh,  and  greater  than  14 
l|'-hes  dbh  (table  3).   The  mean  diameter  growth 
rsponse  to  release  for  each  category  was 
Ci.culated  as  the  sum  of  the  1955-59  and  1960-64 
if.rements  minus  twice  the  no-treatment  increment 
(jible  4). 


Table  3. — Average  diameter  increments  by  diameter 
class  and  period 


Loblolly 


Shortleaf 


DBH   1955-   1960- 
class   1959    1964 


No-    1955-   1960-    No- 
trtmtl/  1959    1964    trtmt 


-inches- 


<  10   2.43a2^/2.05b 

10-14   2.12a   1.72b 

>  t4  2.16a   1.56c 


1.53d 

1.53bd 

1.35e 


1.91a 
1.70b 
1.67b 


1.36c  1.27c 
1.30c  1.18c 
1.25c   1.04e 


1_/The  average  diameter  increment  for  the 
no-treatment  time  periods  for  each  dbh  class. 
2^/Within  each  species,  increments  followed  by  the 
same  letter  across  rows  or  within  columns  are  not 
significantly  different  at  the  0.05  level. 


Table  4. — Average  diameter  growth  response  to 
release 


DBH 

Loblolly 

Shortleaf 

Difference 

class 

pine 

pine 

between  species 

_              _•  _  1 

j-uciietj 

<  10 

1.42 

0.73 

0.69 

10-14 

.78 

.64 

.14 

>  14 

1.02 

.84 

.18 

Volume  Growth 

The  data  from  the  felled  trees  were  analyzed 
to  determine  whether  a  height  response  to  spraying 
also  occurred,  but  none  was  found  for  either  pine 
species.   Taper  changes  were  estimated  by 
comparing  diameter  increments  at  the  base  of  the 
1982  live  crown  with  the  diameter  increments  at 
breast  height.   For  loblolly  pine,  diameter 
growth,  inside  bark,  at  the  base  of  the  live  crown 
averaged  0.71  inches  greater  than  projected  from 
diameter  response  at  breast  height.   The  average 
increase  was  4.7  percent  of  the  average  inside 
bark  diameter  at  the  base  of  the  live  crown.   This 
decline  in  bole  taper  results  in  volume  increases 
of  6.4  percent  International  1/4-Inch  Rule  or  8 
percent  Doyle  Rule.   These  volume  increases  are 
equivalent  to  an  increase  of  two  form  class  units 
(Mesavage  and  Girard  1946).   For  shortleaf  pine, 
the  small  taper  change  present  induced  an  insig- 
nificant (0.05  level)  volume  difference,  and  was 
therefore  ignored.   Increased  diameter  growth  is 
totally  responsible  for  the  shortleaf  volume 
increment  due  to  release. 


DISCUSSION 

Pine  dbh  at  time  of  spraying  varied  from  1  to 
22  inches.   Analysis  of  increment  cores  demonstra- 
ted that  the  pines  from  1  to  10  inches  (40  percent 
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of  the  total  number)  were  younger,  having  been 
established  after  the  1950  wildfire.   Pines 
between  10  and  14  inches  (40  percent  of  the  total 
number)  were  in  the  intermediate  crown  class  at 
time  of  spraying,  hence  were  older  than  the  trees 
less  than  10  inches  dbh.   Pines  greater  than  14 
inches  dbh  (20  percent  of  the  total)  were  the 
oldest,  with  the  dominant  and  co-dominant  trees 
being  essentially  even- aged.   Consequently,  the 
three  diameter  class  categories  used  to  group  mean 
diameter  response  also  represent  a  stratification 
by  age. 

Loblolly  pines  less  than  10  inches  responded 
the  best  of  all  diameter  classes,  adding  nearly 
twice  the  diameter  increment  of  shortleaf  pine  the 
same  size.   Pines  in  the  10  to  14  inch  and  greater 
than  14  inch  categories  showed  little  difference 
in  diameter  increment  between  species.   Williston 
(1978)  noted  that  loblolly  pine  can  be  expected  to 
increase  its  proportionate  share  of  a  mixed 
loblolly-shortleaf  pine  stand  when  it  is  placed 
under  management.   The  difference  in  diameter 
increment  added  to  small  (young)  pines  after 
release  bears  out  Williston's  contention.   The 
results  also  suggest  that  if  a  manager  has  several 
young  stands  in  need  of  release  and  a  limited 
release  budget,  the  stands  with  the  highest  pro- 
portion of  loblolly  pine  should  be  released  first. 
Because  loblolly  and  shortleaf  pine  logs  are 
direct  substitutes  in  stumpage  markets,  treating 
the  stands  with  the  most  loblolly  pine  first  will 
maximize  harvest  returns. 


release  investment  would  be  realized  much  sooi 
than  an  investment  in  the  release  of  a  young  f 
that  would  not  be  harvested  for  at  least  15  yc 
If  older  mixed  pine-hardwood  stands  are  treate 
prior  to  harvest,  many  of  the  expensive  compel 
tion  control  measures  normally  employed  after 
harvest  to  prepare  the  site  for  regeneration  r 
not  be  necessary.   When  both  an  existing  stanc 
a  future  stand  benefit  from  the  same  silvicull 
treatment,  this  has  some  federal  income  tax 
implications.   For  tax  accounting  purposes,  tl 
cost  of  the  release  treatment  must  be  split 
between  the  stands  in  proportion  to  the  benefi 
each  obtains.   The  costs  attributable  to  relej 
can  be  deducted  from  current  ordinary  income, 
which  is  typically  taxed  at  a  much  higher  rate 
than  long-term  capital  gains.   The  remaining 
portion  of  the  release  cost  attributable  to  si- 
preparation  must  be  capitalized  and  offset  age' 
long-term  capital  gains  at  the  time  when  the 
future  stand  is  harvested.   Long-term  capital 
gains — for  individual  taxpayers  — are  effecti\ 
taxed  at  only  40  percent  of  the  ordinary  incon 
tax  rate.   The  single  exception  to  this  staten 
is  for  the  first  $10,000  of  reforestation 
expenses,  which  can  be  amortized  over  8  tax  yt 
Because  larger  shortleaf  pine  responded  bettei 
than  expected,  more  of  the  release  costs  can  \ 
attributed  legitimately  to  release  than  previc 
thought  possible.   These  tax  implications  make 
releasing  older  stands,  especially  shortleaf  \ 
even  more  economical. 


I 


St 


The  low  response  by  pines  of  both  species  in 
the  10  to  14  inches  dbh  class  is  not  surprising, 
given  that  the  stand  had  essentially  three  stories 
to  the  canopy  at  time  of  spraying,  and  the  treat- 
ment proved  most  effective  in  killing  hardwoods 
less  than  35  feet  tall.   The  10  to  14  inch  dia- 
meter class  represents  pines  that  were  competing 
with  hardwoods  in  the  intermediate  crown  class  at 
time  of  spraying.   The  spray  did  not  rise  high 
enough  to  significantly  affect  40-  to  60-foot 
hardwoods  in  the  intermediate  canopy.   Conse- 
quently, the  pines  in  that  stratum  still  faced 
considerable  competition  for  light,  even  though 
root  competition  from  understory  hardwoods  was 
diminished. 

Pines  greater  than  14  inches  dbh  at  the  time 
of  spraying,  occupying  dominant  and  co-dominant 
crown  positions  in  the  overstory,  were  apparently 
relieved  of  enough  root  competition  from  hardwood 
saplings  and  small  poles  in  their  immediate 
proximity  to  respond  25  percent  better  than  pines 
in  the  intermediate  canopy.   Because  of  their 
crown  position,  competition  for  light  was  never  a 
problem.   Shortleaf  pine  response  was  best  in  this 
diameter  class. 

The  size  of  the  response  for  pines  greater 
than  14  inches  suggests  that  investments  in 
releasing  older  shortleaf  or  loblolly  pine  stands 
may  provide  better  financial  returns  than 
previously  suspected.   Treatments  applied  8  to  10 
years  prior  to  harvest  would  not  only  provide 
additional  pine  stumpage  volume,  the  return  on  the 
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COMPARISON   OF  LIQUID  AND   SOLID  HEXAZINONE 

FORMULATIONS  FOR  PINE  RELEASeI/ 

P.  J.  Mlnogue,  B.  R.  Zutter,  and  D.  H.  Gjerstad-''-'' 


Abstract  —  Velpar  L  and  1/2  cc  Velpar  Brush  Killer 
pellets  were  tested  at  4  rates  at  each  of  5  study  lo- 
cations for  release  of  loblolly  pine  (Pinus  taeda  L.). 
Efficacy  of  the  two  formulations  was  greatly  influenced 
by  soil  texture.   Where  percent  sand  was  more  than  60  per- 
cent hardwood  density  reduction  was  greater  for  the  pellet, 
while  the  liquid  formulation  was  most  efficaceous  for  more 
finely  textured  soils.   Pine  tolerance  to  herbicide  treat- 
ments was  influenced  by  soil  texture,  herbicide  rate  and 
plantation  age.   Pine  height  growth  3  to  15  months  after 
treatment  was  greater  for  the  liquid  formulation. 


INTRODUCTION 

With  the  suspension  of  2,4,5-T  in  1979  there 
was  an  immediate  need  to  develop  new  pine  release 
herbicides.   Foliar  sprays  of  hexazinone  had 
demonstrated  good  tolerance  to  newly  planted  pines 
and  broad  spectrum  herbaceous  weed  control 
(O'Loughlin  et  al.  1976).   Rangeland  trials 
established  in  1975  and  1976  showed  herbicide 
tolerance  for  shortleaf  pine  at  rates  of 
hexazinone  which  provided  good  levels  of  hardwood 
kill  (Nickels  and  Stritzke  1977).   Early  forestry 
trials  with  hexazinone  in  1976  involved  the  use  of 
pellets  (Gonzalez  1980)  and  liquids  (Newbold  1978) 
applied  in  a  grid  pattern  to  the  soil  surface. 
This  grid  concept  had  evolved  from  findings  of 
studies  dating  back  to  the  1950' s  involving 
substituted  urea  herbicides  (Meadors  et  al.  1956, 
Darrow  1960,  Miller  et  al.  1967,  and  Peevy  1971). 
Forestry  tests  in  the  early  1960's  with  the 
substituted  urea  Dybar  demonstrated  more  effective 
hardwood  control  when  applied  in  concentrated 
spots  in  a  grid  pattern  than  for  equal  rates  in 
broadcast  applications  (Gonzalez  1980).   The 
triazine  herbicide  hexazinone,  like  the 
substituted  urea  herbicides,  is  a  photosynthetic 
inhibitor  with  soil  activity.   It  was  believed 
that  concentrating  hexazinone  in  a  grid  pattern 
would  be  most  efficaceous  and  the  2  cc  Velpar 
Gridball  was  developed  for  this  use. 
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Two  problems  commonly  encountered  with 
applications  of  the  2  cc  Velpar  Gridball  for  j  i; 
release  were  pine  mortality  when  pellets  were 
placed  adjacent  to  pines  and  poor  control  of 
small  hardwoods  with  limited  root  systems. 
Several  solid  hexazinone  formulations  have  bet: 
tested  since  1979  (Gonzalez  1983).   The  1/2  cc 
10%  active  ingredient  pellet  has  been  the  most 
effective  pelleted  formulation  with  respect  tc 
hardwood  control  and  pine  tolerance  (Michael 
1981,  Webb  et  al.  1981,  Minogue  et  al.  1982, 
Gonzalez  1983).   In  the  spring  of  1982  a 
commercial  1/2  cc  10%  hexazinone  product  becam ; 
available  but  the  manufacturer  withdrew  this 
formulation  due  to  economic  constraints  in  the 
summer  of  1983.   A  granular  hexazinone 
formulation,  Pronone  lOG,  became  available  for 
commercial  use  in  five  Southern  states  under 
state  Special  Local  Need  (24-C)  labels  in  the 
spring  of  1983,  and  received  Environmental 
Protection  Agency  registration  in  the  late  sum i 
of  1983.  When  properly  applied,  the  granular 
formulation  evenly  distributes  the  herbicide  oi 
the  soil  surface  which  provides  better  pine 
tolerance  and  effective  hardwood  control  - 
particularly  for  small  hardwoods  with  limited 
root  systems  (Lowery  1984). 

Recent  research  has  investigated  the  use 
broadcast  foliar  sprays  of  Velpar  L,  a  liquid  i 
formulation  (Campbell  1982,  Minogue  et  al.  198 
Griswold  et  al.  1984).   The  liquid  formulation  i 
provides  both  foliar  and  soil  activity  when    [ 
applied  as  a  broadcast  spray.   Mixed  results  h''i 
been  reported  for  broadcast  foliar  sprays  of   i 
hexazinone.   Campbell  (1982)  reported  poor     ! 
hardwood  control  for  broadcast  sprays  at  rates  i 
high  as  2.5  lb  ai/A  on  a  site  with  loamy  fine 
sand  to  silt  loam  soils.   Results  on  sandy  cla; 
loam  soils  were  more  promising  (Griswold  et  al 
1984). 
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This  paper  presents  results  of  hardwood 
control  and  pine  tolerance  obtained  with  broadcast 
sprays  of  liquid  hexazinone  and  soil  applications 
of  1/2  cc  10%  hexazinone  pellets  at  various  rates 
over  a  range  of  soil  textures.   Although  the  1/2 
cc  10%  hexazinone  pellet  is  no  longer  available, 
results  of  this  study  provide  a  valuable 
comparison  of  the  liquid  formulation,  a  product 
having  both  foliar  and  soil  activity,  and  a  solid 
formulation  which  is  active  only  through  root 
absorption. 


METHODS 

Velpar  L  and  1/2  cc  Velpar  Brush  Killer 
pellets  were  tested  at  4  rates  at  each  of  5  study 
locations  for  release  of  loblolly  pine  (Pinus 
taeda  L.)  (Table  1).   A  prescription  rate  (x)  was 
assigned  to  each  study  location  based  on  the 
results  of  soil  textural  analyses  and  plantation 
age.   The  liquid  and  pelleted  formulations  were 
tested  at  the  x,  0.6x,  1.4x  and  2. Ox  rates. 
Velpar  L  was  applied  as  a  broadcast  foliar  spray 
using  a  CO2  pressurized  backpack  sprayer  which 
gave  a  30  ft  swath  width.   Pellets  were  applied  by 
(hand  in  a  square  grid  pattern.   Pellet  spacing  was 
adjusted  to  obtain  the  various  herbicide  rates. 
Treatments  were  assigned  in  a  randomized  complete 
block  design  and  replicated  four  times  at  each 
location.   An  untreated  check  was  included  in  each 
replication  except  for  the  North  Carolina  site. 

Treatment  plots  were  30  x  150  ft  with  a 
ninimum  10  ft  buffer  between  plots.   Pine  and 
'hardwood  evaluations  were  conducted  in  August 
following  spring  herbicide  applications  and  in 
(August  the  following  year.   All  pines  within  a  10 
X  130  ft  pine  measurement  plot  centered  in  the 
, treatment  plot  were  tagged  and  measured  for  total 
height,  diameter  at  6  inches  above  ground  line, 
herbicide  damage  code  and  the  Virginia  Division  of 
Forestry  Free  to  Grow  Classification  developed  by 
Ip.  A.  Dierauf  and  J.  W.  Garner  (unpublished). 
'Hardwoods  were  evaluated  in  six  6.5  ft  radius 
^circular  hardwood  measurement  plots  centered  on 
randomly  selected  pines  within  the  pine 
jEeasurement  plot.   Hardwoods  were  evaluated  for 
species,  life  form,  height  class,  herbicide 
symptom  code  and  percent  defoliation. 


Table  1. — Location,  soil  series,  soil  texture,  plantation  age  and  herbicide  rates  for  five  study  locations. 


Pine  height  growth  data  were  analyzed 
through  analysis  of  covariance.   Pine  mortality 
data  were  analyzed  through  analysis  of  variance. 
Duncan's  New  Multiple  Range  Test  was  used  to 
compare  individual  treatment  means  at  a 
significance  level  of  5  percent  (alpha  =  0.05). 


RESULTS  AND  DISCUSSION 

Hardwood  Control 

Percent  change  in  hardwood  density  and 
pe.rcent  pine  mortality  obtained  with  liquid  and 
pelleted  hexazinone  formulations  at  the  five 
study  locations  are  presented  in  Figure  1.   For  a 
given  soil  texture  hardwood  control  increased 
with  increasing  herbicide  rate,  either  in  a 
linear  fashion  or  at  a  decreasing  rate.   Soil 
texture  influenced  hardwood  control  obtained  with 
the  liquid  formulation  relative  to  the  pelleted 
formulation.   The  liquid  formulation  provided 
greater  hardwood  control  than  equal  rates  of  the 
pellet  for  the  site  with  clay  texture. 
Conversely,  for  the  two  sites  with  loamy  sand 
texture  the  pelleted  formulation  resulted  in 
greater  hardwood  control  than  equal  rates  of  the 
liquid.   For  the  sites  with  soil  texture 
intermediate  to  clay  and  loamy  sand  equal  rates 
of  liquid  and  pelleted  hexazinone  produced 
similar  results  in  hardwood  control. 

Hexazinone  is  adsorbed  by  clay  and  organic 
colloids  and  chemical  hydrolysis  is  an  active 
mechanism  of  triazine  degradation  in  acid 
conditions  (Armstrong  et  al.  1967).   For  the  clay 
soil  the  broadcast  spray  of  the  liquid 
formulation  may  have  been  more  eff icaceous  than 
application  of  the  pellets  to  the  soil  because 
the  liquid  formulation  has  both  foliar  and  soil 
activity  while  the  pelleted  formulation  is 
absorbed  only  through  root  uptake.   Adsorption  by 
clay  colloids  and  chemical  degradation  is  likely 
to  render  much  of  the  herbicide  applied  to  a  clay 
soil  unavailable  for  uptake  by  the  roots  of 
undesirable  hardwoods.   Leaching  of  the  herbicide 
is  expected  to  greatly  influence  hardwood  control 
on  sandy  soils.   Better  hardwood  control  obtained 
with  the  solid  formulation  on  loamy  sand  soils  is 
likely  a  result  of  slow  release  characteristics. 


location 


Soil  Series 


Soil  Texture 


Plantation  Age 


0.6x 


Herbicide  Rates 
X 1 .4x 


2. Ox 


Bellamy,    AL  Lufkin 

South  Hill,    VA  Cecil-Appling 

|Rockingham,    NC  Lockhart 

Cuthbert,    GA  Lucy 

Prattville,    AL  Rustin 


Clay 

Sandy  Clay  Loam 
Sandy  Loam 
Loamy  Sand 
Loamy  Sand 


2-3 
2 
4 
4 
3 


-V  J.D. 

ai/  t\.j  ■•■1  ■ 

1.1 

1.9 

2.5 

3.8 

0.9 

1.5 

2.0 

3.0 

0.8 

1.3 

1.7 

2.6 

0.6 

1.1 

1.6 

2.2 

0.6 

1.1 

1.6 

2.2 

-/Herbicide  rates  are  expressed  in  pounds  active  ingredient  per  acre. 
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Figure  1. — Percent  change  in  hardwood  density  (line  graphs)  and  percent  pine  mortality  (bar  graphs)  for 
various  rates  of  liquid  (l)  and  pelleted  (P)  hexazinone. 
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In  order  to  examine  the  choice  of  hexazinone 
f'rmulation  in  a  quantitative  fashion  the 
cifference  in  percent  change  in  hardwood  density 
vs  calculated  as  percent  change  in  hardwood 
cnsity  with  the  pellet  minus  percent  change  in 
trdwood  density  with  the  liquid  formulation.   For 
tbse  species  common  to  all  sites:   sweetgum 
(jguidambar  stvraciflua  L.),  oaks  (Ouercus  spp.) 
I'd   sumacs  (Rhus  spp.)  the  difference  in  percent 
cange  in  hardwood  density  exhibited  a  linear 
ilationship  with  percent  sand  when  mean  values 
Ir  each  of  the  five  sites  were  plotted  (Figure 
i.  When  the  difference  in  percent  change  in 
trdwood  density  is  a  positive  value  the  liquid 
innulation  provided  the  best  hardwood  control  and 
ten  it  is  a  negative  value  the  pellet  provided 
Itter  control.   The  regression  of  difference  in 
prcent  change  in  hardwood  density  and  percent 
£nd  intercepted  the  0  difference  in  percent 
cange  in  hardwood  density  at  60  percent  sand. 
Te  pellet  and  liquid  formulation  are  expected  to 
povide  similar  hardwood  control  when  percent  sand 
i  near  60  percent.   When  percent  sand  is  greater 
tan  60  percent  the  pellet  is  expected  to  provide 
jeater  hardwood  control  and  when  percent  sand  is 
];ss  than  60  percent  the  liquid  formulation  is 
epected  to  provide  better  hardwood  control. 


Igure  2. — Regression  for  the  difference  in  per- 
cent change  in  hardwood  density  (density  change 
with  pellet  minus  density  change  with  liquid) 
and  percent  sand.   Points  on  the  regression 
line  are  mean  values  for  each  of  5  study 
locations  (M  =  slope). 


Regressions  were  conducted  to  determine  the 
proportion  of  variability  in  hardwood  density 
change  explained  by  herbicide  rate,  formulation 
and  soil  factors  (Table  2).   The  variable  P-L 
Density  was  used  as  a  factor  in  the  regression 
model  to  account  for  the  difference  in  hardwood 
control  obtained  with  the  pellet  and  liquid 
formulation  as  a  function  of  percent  sand  (Figure 
2).   P-L  Density  was  calculated  as:   P-L  Density 
=  Product  X  -1.2  (%  Sand  -  60),  where  Product  =  0 
for  liquid  and  1  for  pellet.  sT-   values  were 
determined  for  three  species  common  to  the  five 
locations:   sweetgum,  sumacs  and  oaks.   Single 
variable  models  could  explain  from  13  to  33 
percent  of  the  variation  in  hardwood  density 
change.   Percent  clay  explained  more  variation 
than  percent  sand.   Two  variable  models  could 
explain  from  43  to  69  percent  of  the  variation  in 
hardwood  density  reduction  while  three  variable 
models  could  explain  from  52  to  78  percent.   In 
two  variable  regression  models  incorporating  rate 
and  soil  texture  variables  both  variables  were 
statistically  significant  which  illustrates  that 
the  efficacy  of  a  given  rate  is  dependent  on  soil 
texture.   Differences  between  species  are  shown 
for  R'^  values  obtained  with  a  given  model. 
Higher  R^  values  were  found  for  oaks  than  the 
other  species,  which  is  reasonable  since  oaks  are 
a  susceptible  species.   Morphological  and 
phenological  characteristics  of  a  species 
influence  the  impact  various  factors  have  on 
herbicide  efficacy. 


Table  2. — Proportion  of  variation  in  hardwood 
density  change  explained  by  hexazinone  rate, 
formulation  and  soil  factors. 


Sweetgum 

Sumac 

Oak 

— 

-R^ 

values— 



Rate 

.17 

.16 

.22 

%  Sand 

.15 

.13 

.20 

%  Clay 

.24 

.18 

.24 

P-L  Densityi/ 

.17 

.33 

.29 

Rate 

%   Sand 

.47 

.43 

.63 

Rate 

%  Clay 

.60 

.51 

.69 

Rate 

P-L  Densi 

ty 

.45 

.62 

.66 

Rate 

%  Sand 

P- 

-L 

Densi 

ty 

.52 

.63 

.74 

Rate 

%  Clay 

P- 

-L 

Densi 

ty 

.62 

.66 

.78 

Rate 

%  Sand 

% 

Clay 

.72 

.54 

.70 

i/P-L  Density  is  defined  in  the  text. 
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Pine  Mortality 


Very  little  pine  mortality  wa 
herbicide  treatments  at  the  site  w 
The  untreated  check  resulted  in  th 
mortality  but  there  were  no  signif 
differences  among  treatments.   At 
sandy  clay  loam  texture  the  liquid 
greater  pine  mortality  than  the  pe 
2.0  and  3.0  lb  ai/A  rates  although 
differences  were  not  statistically 
to  limited  sample  size  and  variabi 
replications.   For  the  sandy  loam 
resulted  in  greater  pine  mortality 
but  again  comparisons  of  the  two  f 
given  rate  were  not  significantly 
5  percent  level. 
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ith  clay  soil. 

e  greatest  pine 
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significant  due 
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soil  the  liquid 

than  the  pellet 
ormulations  at  a 
different  at  the 


For  a  given  herbicide  rate  greater  pine 
mortality  was  observed  on  the  site  having  a  sandy 
clay  loam  texture  than  for  the  sandy  loam  site, 
even  though  a  sandy  loam  is  a  more  porous  soil. 
This  difference  may  be  due  to  plantation  age.   The 
plantation  on  the  sandy  clay  loam  site  was  in  its 
second  growing  season  while  the  plantation  on  the 
site  with  a  sandy  loam  texture  was  in  its  fourth 
growing  season.   Operational  tests  with  hexazinone 
seem  to  indicate  that  pine  tolerance  to  hexazinone 
treatments  increases  with  plantation  age. 

For  both  locations  on  loamy  sand  soils  the 
pellet  resulted  in  greater  pine  mortality  than  the 
liquid  formulation.   At  the  Georgia  site  the 
pellet  gave  greater  pine  mortality  at  the  1.1,  1.6 
and  2.2  lb  ai/A  rates  although  the  difference  was 
significant  only  for  comparisons  of  the  two 
formulations  at  1.6  and  2.2  lb  ai/A.   At  the 
Alabama  site  the  pellet  produced  much  greater  pine 
mortality  than  the  liquid  at  all  rates  but  only 
comparisons  of  the  two  formulations  at  1.6  and  2.2 
lb  ai/A  were  significantly  different.   Although 
the  Georgia  and  Alabama  sites  had  nearly  identical 
soil  texture,  equal  herbicide  rates  resulted  in 
far  greater  pine  mortality  at  the  Alabama  site. 
The  Georgia  site  was  treated  at  the  beginning  of 
the  fourth  growing  season  while  the  Alabama  site 
was  entering  the  third  growing  season.   Better 
herbicide  tolerance  was  obtained  in  the  older 
stand. 

The  proportion  of  variation  in  pine  mortality 
explained  by  regression  models  using  herbicide 
rate,  formulation  and  soil  factors  is  given  in 
Table  3.   Single  variable  models  could  explain 
from  6  to  10  percent  of  the  variability  in  pine 
mortality.   As  for  hardwood  density  change  percent 
clay  showed  a  higher  r2  value  than  percent  sand. 
Rate  and  texture  had  an  effect  on  pine  mortality 
as  rate  and  texture  variables  were  always 
statistically  significant  in  2  variable  models. 
Two  variable  models  could  explain  as  much  as  31 
percent  of  the  variation  while  three  variable 
models  explained  34  to  50  percent  of  the  variation 
in  pine  mortality.   With  a  four  variable  model  59 
percent  of  the  variation  was  explained.   In 
general,  regression  models  could  explain  more  of 
the  variation  in  hardwood  density  change  than  for 


pine  mortality.  It  is  unfortunate  that  pim 
heights  were  not  evaluated  before  treatment 
because  the  size  and  vigor  of  pines  greatly 
effects  herbicide  tolerance.  Since  pine  he: 
was  not  evaluated  until  60  to  90  days  after 
treatment  pine  height  was  not  included  as  a 
variable  in  regression  models. 


it 


Table  3. — Proportion  of  variation  in  pine  m(  i 
tality  explained  by  hexazinone  rate,  f ormi  • 
lation  and  soil  factors. 


Rate 
%  Sand 
%  Clay 

Rate  %  Sand 
Rate  %  Clay 

Rate  %  Sand 

Rate  %  Clay 

Rate  %  Sand 

Rate  %  Silt 


%   Clay 

%   SA/    (%    SI  +   %   CL) 


R^   valjts 
i- 

t 

.1( 
.0( 

.1( 

.2! 
.3] 

.3^ 
.37 
.36 
.5( 


Rate  %  Silt  %  SA  %  SA/  (%  SI  +  %  CL)   .59^ 


Pine  Height  Growth 

Pine  height  growth  during  the  period  3  :i'15 
months  after  treatment  for  the  various  ratesiid 
two  formulations  at  the  five  study  locations 
presented  in  Figure  3.   Generally  the  greatest   i 
pine  height  growth  was  obtained  with  the  liq4 
formulation.   This  was  true  even  on  the  loaroin   j 
sand  sites  where  the  pellet  provided  better  \      i 
hardwood  control.   Very  early  height  growth  j  i 
response  to  release  treatments  is  more  likel'jiO  i 
be  affected  by  herbaceous  weed  control  than  )   ( 
hardwood  control.   The  liquid  formulation  isiire  j 
effective  for  herbaceous  weed  control  which  «   ■! 
explain  the  trends  in  pine  height  growth       j 
response.   For  the  sites  with  sandy  loam  and  ' 
loamy  sand  texture  high  rates  of  the  liquid 
formulation  resulted  in  reduced  pine  height  I  J 
growth  due  to  herbicide  injury.   On  clay  and  I  \ 
sandy  clay  loam  sites  the  liquid  formulation 
resulted  in  increased  pine  height  growth  wit i 
increasing  rate.   Except  for  the  sandy  loam  i 
loamy  sand  Alabama  sites  pine  height  growth 
increased  with  increasing  rate  with  the  pell : d 
formulation.   With  increasing  rate  the  numbe ' f 
"grid  spots"  or  pellet  density  increases 
providing  greater  levels  of  herbaceous  weed  i 
control.   An  interesting  trend  shown  at  all    \ 
locations  is  a  convergence  in  pine  height  gr  y 
response  for  comparisons  of  the  liquid  and   j 
pelleted  formulations  at  high  rates.   This  m  ;' 
the  result  of  a  direct  negative  effect  on  pi  i 
height  growth  with  high  rates  of  the  liquid 
formulation  as  well  as  greater  levels  of 
herbaceous  weed  control  obtained  with  increa  i 
pellet  density. 
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gure  3. — Pine  height  growth  3  to  15  months  following  treatment  for  liquid  (L)  and  pelleted  (P)  hexazinone 
formulations  with  the  various  rates  tested  at  5  locations. 
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CONCLUSION 

The  efficacy  of  liquid  and  pelleted 
hexazinone  formulations  is  greatly  influenced  by 
soil  texture.   The  concentration  of  herbicide  in 
the  soil  solution  available  for  uptake  by 
undesirable  hardwoods  is  effected  by  the  rate  of 
leaching,  soil  adsorption  and  herbicide 
degradation.   On  sandy  soils  the  pelleted 
formulation  provided  greater  hardwood  control. 
Conversely,  on  clay  soils  the  liquid  formulation 
outperformed  the  pellet.   A  linear  relationship 
was  shown  for  the  difference  in  percent  change  in 
hardwood  density  (density  change  with  the  pellet 
minus  density  change  with  the  liquid  formulation) 
and  percent  sand.   Hardwood  control  is  expected  to 
be  similar  for  the  two  formulations  where  percent 
sand  is  near  60  percent.   The  pellet  is  expected 
to  be  more  efficaceous  for  soils  with  greater  than 
60  percent  sand  and  the  liquid  formulation  is 
favored  for  soils  with  less  than  60  percent  sand. 
Regression  models  incorporating  herbicide  rate, 
formulation  and  soil  texture  factors  could  explain 
up  to  78  percent  of  the  variation  in  hardwood 
density  change. 

Greater  pine  mortality  was  obtained  at  sites 
with  sandy  soil  texture  than  for  higher  herbicide 
rates  at  sites  with  more  finely  textured  soils. 
Except  for  the  site  with  sandy  loam  texture  the 
formulation  providing  the  best  hardwood  control 
also  resulted  in  the  greatest  pine  mortality. 
Plantation  age  greatly  influenced  pine  mortality 
with  pine  tolerance  being  better  in  older  stands. 
Regression  models  incorporating  herbicide  rate, 
formulation  and  soil  texture  factors  could  explain 
up  to  59  percent  of  the  variation  in  pine 
mortality. 

At  all  study  locations  pine  height  growth  3 
to  15  months  following  treatment  was  greatest  for 
the  liquid  formulation,  even  where  pellets 
provided  greater  hardwood  density  change.   Early 
height  growth  response  to  release  treatments  is 
thought  to  be  due  to  herbaceous  weed  control  which 
is  better  for  the  liquid  formulation  than 
comparable  rates  of  the  pellet.   For  both 
formulations  pine  height  growth  increased  with 
increasing  rate  except  for  the  sites  with  sandy 
loam  and  loamy  sand  textures.   At  these  sites  the 
1 .Ax  and  2. Ox  rates  of  both  formulations  resulted 
in  less  pine  height  growth  when  compared  to  the 
lower  rates. 
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JAPANESE  HONEYSUCKLE  AND  ASSOCIATED  GROUND  COVER  INHIBIT 
ESTABLISHMENT  AND  GROWTH  OF  PINE  SEEDLINGS  IN  ALL-AGED  STANDsl^ 

Michael  D.  Cain  —' 


Abstract. --The  effects  of  Japanese  honeysuckle  and 
associated  ground  cover  on  establishment,  survival,  and 
growth  of  natural  pine  seedlings  were  investigated  in  an 
all-aged  loblolly-shortleaf  pine  stand  in  south  Arkansas. 
A  mechanical  treatment  (cutting)  and  two  herbicide  treat- 
ments (Amitrol  'JiV  and  Velpa]\i9  L,  each  applied  at  4  lb 
a. e. /acre)  were  compared  to  a  control.  After  three  growing 
seasons,  mean  total  height  and  mean  groundline  diameter 
ranking  of  surviving  pine  seedlings  by  treatment  was  as 
follows:  Velpar  >  mechanical  >  Amitrol  >  control.  Survival 
of  pine  seedlings  was  not  improved  by  release  treatments. 
Throughout  the  3-year  study  period,  Velpar  L  was  more 
effective  than  Amitrol  T  for  reduction  of  Japanese  honey- 
suckle. 


INTRODUCTION 

Natural  regeneration  of  loblolly  and 
shortleaf  pine  (Pinus  taeda  L.  and  P.  echinata 
Mill.)  often  provides  a  more  attractive 
reforestation  alternative  for  the  South's 
private,  nonindustrial  landowners  than  intensive 
artificial  regeneration  because  of  lower  esta- 
blishment costs.  However,  competing  vegetation 
can  have  an  adverse  effect  on  the  establishment 
and   early  growth   of  natural  pine   seedlings. 

Control  of  herbaceous  weeds  in  loblolly  pine 
plantations  during  the  first  few  years  after 
planting  has  produced  dramatic  growth  acceler- 
ation of  pines  (Nelson  and  others  1981).  In 
addition  to  competing  with  pine  seedlings  for 
soil  moisture,  nutrients,  sunlight,  and  growing 
space,  some  weeds  may  even  pose  parasitic 
(Musselman  and  Mann  1978)  or  allelopathic 
influences  (Priester  and  Pennington  1978,  Fisher 
1980,    Hollis   and    others    1982). 

Japanese  honeysuckle  (Lonicera  japonica 
Thunb.)  is  a  problem  in  forest  management  because 
it  forms  a  dense  mat  of  vegetation  that  can 
smother   shrubs,    seedlings,    and   saplings,    thus 
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inhibiting  the  establishment  of  a  new  croif 
trees.  Even  though  this  herbaceous  species  lis 
been  judged  a  serious  problem  to  ref  oresta' ;|n 
(Nelson  1953),  it  is  an  important  year-round  '|d 
item  for  a  number  of  wildlife  species  (Shelcin 
and  Causey  1974).  Because  it  is  a  fast-spreai  ;<g 
vine,  Japanese  honeysuckle  can  stabilize  sdl 
where  erosion  is  imminent  (Jackson  1974).  lie 
vine  was  introduced  into  the  United  States  iM 
Asia  and  became  naturalized  throughout  ip 
southeast.  Since  Japanese  honeysuckle  p 
moderate  in  shade  tolerance  (Blair  1982),  t 
rapidly  colonizes  forest  stands  from  sil 
disseminated  by  birds  or  vegetatively  f  "i 
stolons  that  may  spread  up  to  15  feet  a  ya: 
(Brender   1961  ). 

The  problem  with  Japanese  honeysuckle  ji 
that  it  cannot  be  confined  to  specific  area!. 
Some  temporary  control  methods  for  Japan  'I' 
honeysuckle  have  included  the  use  of  herbicida 
burning,  plowing,  mulching,  grazing,  and  vege  ;| 
tive  conversion  (Brender  1961,  Shipman  19 
Jackson   1974,    Barden  and   Matthews   1980). 

This  paper  discusses   the  effects   of  Japan 
honeysuckle  and  associated  ground  cover  on    1 
development    of  natural   pine   seedlings    in   an   a 
aged    (uneven-aged)    loblolly-shortleaf    pine    sta i 
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METHODS 
Study  Area 


The  study  was  located  on  the  Crossett 
perimental  Forest,  Ashley  County,  Arkansas,  in 
34-acre  loblolly-shortleaf  pine  stand  managed 
ider  the  selection  system  since  the  1930's. 
)il  on  the  study  area  is  Bude  silt  loam 
lossaquic  Fragiudalf s);  the  site  index  is  90 
et  at  50  years    for   loblolly   pine. 

Understory  growth  in  the  stand  was  reduced 
•  rotary  mowing  in  the  summer  of  1978,  and  a 
tting-cycle  harvest  was  made  using  single-tree 
lection  in  the  fall  of  1979-  After  the  1979 
rvest,  pine  sawlog. volume  averaged  7,200  board 
et  per  acre  (Doyle)  with  81  square  feet  of  pine 
sal  area   per  acre   in  stems  H   inches   dbh. 

When  the  present  research  study  was 
istalled  in  the  spring  of  1981,  the  stand  ap- 
;ared  to  be  open  and  parklike,  but  had  a 
)derate  to  dense  ground  cover  of  Japanese  honey- 
ickle  and  other  herbaceous  species  that  ranged 
)  to  4  feet  in  height.  The  ratio  of  Japanese 
meysuckle  to  other  prevalent  herbaceous  species 
teridium,    Rhus,    Rubus,    Smilax,    and    Vitis    spp.) 


13  about  4  to  1  in  terms  of  percent  ground 
ver.  The  presence  of  hardwood  trees  and  shrubs 
is  not  obvious  because  of  the  mowing  treatment  3 
lars  earlier. 

Study   Installation 

In  the  spring  of  1981,  sixteen  0.1-acre 
l.rcular  plots  were  established  within  the 
lieven-aged  stand.  A  total  of  15  pine  seedlings 
jltems  _<0.5  inch  dbh)  was  selected  to  monitor 
fowth  on  the  interior  0.05-acre  subplot  of  each 
j|1-acre  gross  plot.  Prior  to  treatment,  the  15 
S-eselected  seedlings  per  subplot  were  tagged, 
dd  total  height  of  each  was  measured  to  the 
larest  0.05  foot.  Plots  were  then  blocked  on 
jle  basis  of  mean  total  heights  of  measured  seed- 
.ngs,  and  four  treatments  were  assigned  at 
'.ndom  within  each  block. 


Treatments 

!  An  undisturbed  control  was  compared  with  one 
schanical  and  two  chemical  treatments.  In  the 
achanical  treatment,  all  pine  seedlings  were 
kleased  by  cutting  low-growing  ground  competi- 
j-on  within  a  1-foot  radius  of  each  stem. 
|tting  was  done  with  a  gasoline-powered,  nylon- 
|ne  trimmer  (Weed  Eater  Model  657)  plus  hand 
rimming.  Woody  competition  <0.6  inch  dbh  was 
■SO  cut.  Mechanical  release  was  done  four  to 
ve  times  during  each  of  three  growing  seasons 
intervals   of  approximately  4   to  6   weeks. 


The  twi)  chemical  treatments  were  Amitrol  T® 
and  Velpa*5^  L.  Manufacturers'  labels  specify 
that  these  two  herbicides  are  suitable  for 
control  of  Japanese  honeysuckle.  Each  herbicide 
was  applied  at  the  rate  of  4  pounds  a.e.  per  acre 
in  a  60-gallon  water  solution  per  acre.  Since 
both  herbicides  can  injure  conifers,  each  pine 
seedling  was  shielded  with  a  7-inch  diameter 
stove  pipe  at  the  time  of  spraying.  Foliar 
spraying  was  done  using  hand-operated,  backpack 
pumps  (Solo  Model  425).  Chemical  application  was 
a  one-time  treatment  (May  11,  1981  )  and  was  not 
repeated   during   the    course   of  the  study. 


Measurements 

At  the  end  of  the  1981,  1982,  and  1983 
growing  seasons,  survival  of  measurement  seed- 
lings was  assessed  and  total  heights  were 
remeasured  to  the  nearest  0.1  foot.  In  September 
1983,  groundline  diameters  were  taken  to  the 
nearest  0.1  inch  on  all  surviving  measurement 
seedlings.  Density  of  pine  seedlings  that  became 
established  during  the  3  years  following  treat- 
ment was  determined  at  the  same  time  by  sampling 
four  systematically  established  milacres  per 
0.05-acre  interior   subplot. 

Ocular  estimates  for  percent  reduction  of 
Japanese  honeysuckle  were  made  on  Amitrol  and 
Velpar  plots  at  the  end  of  each  growing  season 
for  3  years.  Untreated  areas  contiguous  to  the 
plots  were  used  for  judging  percent  reduction  at 
10-percent  intervals. 

At  the  beginning  of  the  study,  overstory 
pine  basal  area  had  been  taken  at  each  plot 
center  using  a  10- factor  prism.  These  measure- 
ments were  repeated  in  1983  for  calculation  of 
basal   area   and    competition   index   (Daniels   1976). 

Analysis  of  variance  was  used  to  evaluate 
treatment  effects  on  pine  growth  and  survival  at 
the  5-percent  level  of  significance.  Duncan's 
Multiple  Range  Test  was  used  to  partition  dif- 
ferences between  treatment  means.  Percent  values 
were  compared  using  the  arcsine  /proportion 
transformation. 


i.      rerc 
Lne       /p 


RESULTS   AUD  DISCUSSION 

Of  the  two  herbicides  tested  in  this  study, 
Velpar _L  was  about  30  percent  more  effective  than 
Amitrol  T  for  controlling  Japanese  honeysuckle 
throughout  the  3-year  study  period  (table  1 ). 
Even  though  both  herbicides  were  labeled  for 
control  of  Japanese  honeysuckle,  multiple  appli- 
cations are  apparently  required  for  long-term 
efficacy.  This  is  especially  true  where  low 
herbicide  rates  are  used  for  releasing  pine  seed- 
lings  from   honeysuckle   competition. 
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Table  1  .--Reduction  of  Japanese  honeysuckle  by- 
chemical  treatments  after  each  of 
three   growing  seasons  A' 


Year 

Treatment 

1981 

1982 

1985 

Amitrol  T 
Velpar  L 

55a2/ 
88b 

30a 
62b 

25a 
52b 

j_/    Chemicals   were   applied    only   once,    in   1981. 

2/ 

—     Column   values    followed    by   the   same    letter  are 

not   significantly   different   at    the   0.05    level. 


By  the  end  of  the  first  growing  season  fol- 
lowing treatment,  pine  survival  on  Velpar  plots 
was  significantly  less  when  compared  to  controls 
(table  2).  Although  pines  were  shielded  during 
the  foliar  spray  treatment,  Velpar  is  also 
absorbed  from  the  soil  by  plant  roots,  and  the 
rate  of  application  was  apparently  high  enough  to 
kill  many  smaller  pines.  By  the  end  of  the  third 
growing  season,  survival  among  treatments  was  not 
significantly  different.  Regardless  of  the  type 
of  release  treatment  used  in  this  study,  nearly 
half  of  all  measurement  pine  seedlings  had  died 
within   3   years    (table    2). 


Table  2. --Survival  of  measurement  pines  after 
each  of  three  growing  seasons  following  treat- 
ment. 


Year 

Trealment 

1981 

1982 

1983 

Percent 

Control 

85aL/ 

64a 

52a 

Mechanical 

77a  b 

63a 

57a 

Amitrol  T 

85a  b 

72a 

60a 

Velpar  L 

59  b 

48a 

45a 

JL/   Column  values   followed   by    the    same    letter   are 
not    significantly    different    at    the   0.05    level. 


Overstory  pine  basal  area  in  the  spring  of 
1981  averaged  81  square  feet  per  acre  and  had 
increased  to  89  square  feet  per  acre  by  the  fall 
of  1983,  but  basal  area  differences  among  treat- 
ments were  statistically  nonsignificant.  Simi- 
larly,    the    competition    index    among    treatment 


means  was  nonsignificant.  Since  the  recomm.  i-. 
range  of  basal  area  stocking  for  uneven- j;^ 
management  of  loblolly-shortleaf  pine  stam  <;s 
between  55  and  75  square  feet  per  acre,  ie 
higher  basal  areas  no  doubt  had  a  negative  in [  t 
on  the  survival  and  growth  response  of  pine  se:- 
lings  in  this  study.  Japanese  honeysuckle  ,  .r 
the  other  hand,  appears  to  thrive  in  the  un  1  •- 
story,  even  at  rather  high  pine  basal  .  .g 
levels. 


Blair  (l982)  reported  that  Japanese  ho  r- 
suckle  was  robust  in  growth  form  at  a  1  .  ■ 
intensity  of  45  percent,  but  appeared  t  - 
severely  stressed  after  2  years  of  growth  unc  ;  a 
light  intensity  of  8  percent.  In  contrast,  mi 
loblolly  and  shortleaf  pines  are  classifieiis 
intolerant  of  shade.  Yet,  competing  vegeta  m 
such  as  Japanese  honeysuckle  may  provide  n 
initially  favorable  microclimate  for  con  r 
seedlings.  For  example,  Bormann  (1956)  repc 'o 
that  loblolly  pine  seedlings  can  become  e  - 
blished  under  dense  forest  canopies  becaus;f 
their  ability  to  utilize  low  light  intensit  ;, 
but  when  secondary  foliage  develops,  the  s  - 
lings  are  unable  to  photosynthesize  effecti  y 
and  they  die  out. 


At  the  beginning  of  this  study,  there  waf  ) 
significant  difference  in  mean  total  heights 
measurement  seedlings  among  treatments.  Duii; 
the  1982  growing  season,  height  growth  of  pi  )■ 
on  Velpar  plots  was  significantly  better  ti 
that  on  other  treatments  (table  3)'  In  1^: 
seedling  height  growth  on  Velpar  plots  averj ; 
more  than  height  growth  in  other  treatments, 
statistically,  growth  was  better  than  that  | 
control  plots  only.  Over  the  3-year  stJ 
period,  mean  annual  height  growth  on  Velpar  pi 
exceeded  that  of  pines  on  control  and  Amit.l 
plots    by  46    and   38   percent    respectively. 


Table  3. --Mean  height  growth  and  groundlll|| 
diameter    of    surviving      pinesi 
year   and    treatment. 


Height  growth  by  year 

Mean  annual  19? 

height  meal  , 

growth  groun;  l; 

1963      1981-1983  diame;. 


Treatment 


1981 


ic 


-Feet- 


Control  0.24al/  0.40a  0.42a  O.^a 

Mechanical  0.23a      0.38a  0.64ab  0.41 ab 

Amitrol  T  0.24a     0.41a  0.50ab  0.39a 

Velpar  L  0.26a     0-57  b  0.70  b  0.54  b 


Inch( : 
0.36a 
0.45  1 ' 
0.40al 
0.50    ; 


j_/  Column  values  followed  by  the  same  letter  ■ 
not  significantly  different  at  the  0.05  level. 
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Three  years  after  treatment,  surviving  pines 
DH  Velpar  and  mechanically  treated  plots  had 
ignificantly  larger  groundline  diameters  than 
those  on  control  plots  (table  3).  Although  a 
). 1-inch  difference  does  not  seem  important  in 
itself,  the  combination  of  increased  pine  dia- 
neter  and  height  on  Velpar  and  mechanically 
treated  plots  suggests  more  thrifty  pines  that 
should  be  better  able  to  tolerate  reinvasion  by 
;ompeting   vegetation. 

Velpar  L  may  have  a  stimulating  influence  on 
ine  growth  in  addition  to  its  herbicidal  effect 
n  competing  species  because  it  is  a  triazine 
ompound.  McCormack  (1977)  reported  that  the 
pplication  of  the  herbicide  simazine,  also  a 
riazine  compound,  provided  nutritional  benefits 
0  northern  conifers  by  improving  the  nitrogen 
egime   and   habitat    for   mycorrhizal   fungi. 

Even  though  complete  elimination  of  low- 
rowing  ground  competition  was  not  achieved 
uring  the  study  period,  temporary  and  partial 
ontrol  of  such  competition  by  chemical  or 
echanical  treatments  was  effective  in  stimu- 
ating  height  and  diameter  growth  of  natural  pine 
eedlings    in    this    uneven-aged    stand. 

In  terms  of  area  released  from  low-growing 
round  competition  in  this  study,  Velpar  L  was 
learly  the  most  effective  treatment  in  preparing 
seedbed  for  establishment  of  pine  regeneration, 
ver  1  ,000  pine  seedlings  per  acre  became  esta- 
lished  during  the  3  years  that  followed  the 
nitial  treatment  with  Velpar  L.  No  additional 
.eedlings  were  established  on  the  control  or  the 
jechanically  treated  plots  during  this  same  time 
ieriod.  Had  the  mechanical  treatment  been 
jjpplied  to  the  entire  plot  rather  than  restricted 
Jo  within  1  foot  of  the  individual  pines,  addi- 
tional seedlings  may  have  become  established. 
I^itrol  T,  being  the  only  other  treatment  applied 
in  a  plot-wide  basis,  had  125  additional  pine 
eedlings  per  acre  in  the  fall  of  1983,  but  there 
jas  also  a  rapid  reinvasion  of  competing  vege- 
ation  following   the   single   treatment   in  1981. 


CONCLUSIONS 

To  maintain  optimum  growth  of  pine  regener- 
tion  in  uneven-aged  stands,  both  the  competing 
jBgetation  and  the  overstory  pine  component  must 
e  managed.  With  release  from  low-growing  ground 
ompetition  such  as  Japanese  honeysuckle,  growth 
f  pine  seedlings  can  be  increased  in  uneven-aged 
lands    of    loblolly-shortleaf   pine.       If   overstory 

fblolly-shortleaf  pine  basal  area  averages  from 
to  89  square  feet  per  acre  in  uneven-aged 
ijtands,  then  height  growth  of  naturally  regen- 
rated  pine  seedlings  averages  less  than  0.5  foot 
ter  year  on  good  sites  (site  index  of  85  to  90 
set  at  50  years),  even  with  release  from  low- 
rowing  ground    competition. 


Japanese  honeysuckle  and  associated  ground 
cover  not  only  reduce  pine  seedling  growth  but 
can  impede  establishment  of  pine  regeneration 
from  natural  seedfall.  Nevertheless,  where  pine 
regeneration  has  become  established  following 
soil  disturbance  from  logging,  then  about  50 
percent  of  those  established  seedlings  tend  to 
persist  for  at  least  3  years  even  when  growing  in 
a  uniform  ground  cover  of  Japanese  honeysuckle. 

Although  a  number  of  techniques  have  been 
tested  for  controlling  Japanese  honeysuckle, 
herbicides  may  provide  the  most  practical 
approach  for  releasing  pine  regeneration  from 
hoheysuckle  competition.  In  this  study,  Japanese 
honeysuckle  was  not  eradicated  by  a  single  appli- 
cation of  Velpar  L  or  Amitrol  T  at  the  rate  of  4 
pounds  a.e.  per  acre  on  silt  loam  soil,  but 
Velpar  L  gave  significantly  better  honeysuckle 
control    over  a  3-year   period. 
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INTERACTION  OF  GENOTYPE  AND  VEGETATION  CONTROL  ON 
LOBLOLLY  PINE  SEEDLING  PERFORMANCE— 

Stuart  E.  Duba,  Larry  R.  Nelson,  and  Dean  H.  GjerstadS/ 


Abstract.  —  A  split  plot  design  was  utilized  to  evaluate 
the  effect  of  control  of  competing  vegetation  on  first-year 
height  and  groundline  diameter  increments  of  three  loblolly 
pine  (Pinus  taeda  L.)  families.   Both  families  and  timing  of 
control  differed  significantly  for  height  increment  and 
groundline  diameter  increment.   The  earliest  treatment  dates 
(May  and  June)  provided  for  better  growth  than  later  dates 
(July  -  September).   Families  interacted  with  control  of 
competition  for  both  height  increment  and  diameter 
increment.   Families  showed  differential  response  to  control 
of  competition  and  performance  was  altered  depending  upon 
whether  competition  was  controlled  or  not. 


INTRODUCTION 

Accelerated  growth  of  southern  pines  is 
jing  obtained  by  several  means.   The  value  of 
jnetic  improvement  has  been  long  accepted. 
L though  genetic  selections  have  been  made  to 
Bprove  growth  rate  of  southern  pines,  continual 
ffort  must  also  be  made  to  ensure  that 
elections  are  responsive  to  changing 
llvicultural  treatments.   Recently,  the  value 
f  Intensive  control  of  weed  competition  as  a 
•eans  of  increasing  volume  production  has  been 
lucidated  (Nelson  et  al.  1981,  Knowe  et  al. 
985).  Hence,  a  regeneration  system  that 
titegrates  these  practices  should  provide 
neater  production  than  either  practice  alone. 
n  important  aspect  of  this  integrated  system  is 
lie  likelihood  of  interactions  among  the 
omponents.   Depending  on  the  seasonal  growth 
attern  of  particular  plants,  timing  of 
pplication  of  herbicides  could  interact  with 
anotypes.  Families  will  likely  respond 
ifferentially  to  both  the  control  of 
Dmpetition  and  to  specific  chemicals.   These 
actors  were  evaluated  in  this  study. 
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METHODS  AND  MATERIALS 

The  planting  was  established  on  an  old 
field  site  in  the  Alabama  Piedmont  near  Auburn, 
Alabama.   Site  preparation  consisted  of  mowing 
and  disking  during  the  fall  before  planting. 
Existing  vegetation  consisted  primarily  of 
ragweed  (Ambrosia  spp.  L.),  morningglory 
( iDomoea  spp.),  blackberries  (Rubus  spp.  L.), 
and  grasses  (Panicum  spp.  L.).  Three  families 
were  utilized  that  had  relatively  stable 
performance  in  a  series  of  progeny  tests  where 
weeds  were  not  controlled.   They  were  chosen  as 
a  good  (family  B) ,  an  intermediate  (family  C) , 
and  a  poor  (family  A)  performer  for  height 
growth.  Each  of  4  replications  consisted  of  7 
treatment  plots  that  were  split  into  3  single- 
row  family  plots  (17  trees  per  family).   The 
whole  plots  were  randomly  assigned  to  one  of  six 
treatment  dates  or  a  control  where  no  herbicide 
was  applied.  On  each  treatment  date  herbicide 
was  utilized  to  control  all  vegetation  competing 
with  the  trees.   The  herbicide  glyphosate  was 
utilized  as  a  directed  spray  so  no  phytotoxic 
effects  on  experimental  trees  would  occur. 
Plots  were  kept  weed  free  after  the  time  of 
initial  treatment.   Both  height  and  groundline 
diameter  were  measured  at  the  time  of  planting 
in  March,  1983.   Trees  were  subsequently 
remeasured  at  least  once  a  month  from  June 
through  November.   Height  and  diameter 
increments  were  evaluated  to  determine  direct 
response  to  treatments.  Nelson  et  al.  (1981) 
have  indicated  that  biomass  or  groundline 
diameter  growth  was  more  responsive  than  height 
growth  to  weed  control  in  the  first  two  years. 
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RESULTS  AND  DISCUSSION 


Effect  of  Genotype 


Growth  impact  studies  of  weed  control 
effects  have  shown  significant  increases  in 
growth  of  pines  after  one  year  in  the  field 
(Zutter  and  Knowe  1982).  Therefore,  an  analysis 
of  this  pilot  study  after  one  year  was  deemed 
valuable  although  subsequent  analyses  after  a 
longer  period  in  the  field  are  certainly 
desirable.   After  one  year  in  the  field,  all 
three  families  survived  equally  well  with  an 
overall  average  survival  of  98.7  percent.  Based 
on  a  split-plot  analysis  of  variance,  both 
height  and  groundline  diameter  increments  were 
affected  by  treatment  date  and  family. 


Effect  of  Treatment  Date 

The  question  of  interest  with  respect  to 
treatment  date  was  how  late  in  the  growing 
season  could  weed  competition  be  controlled  and 
still  yield  a  substantial  growth  response  from 
the  trees.   Intuitively,  if  competition  was 
removed  for  a  longer  period  of  the  growing 
season,  the  growth  response  should  be  greater. 
During  the  first  growing  season,  the  date  of 
treatment  significantly  affected  both  height 
increment  (P<0.0003)  and  groundline  diameter 
increment  (P<0.001).  For  diameter  increment,  a 
positive  response  resulted  from  the  May  and  June 
treatment  dates  (fig.  1),  but  the  May  treatment 
resulted  in  the  greatest  response.   Release  from 
competition  in  July,  August,  or  September  did 
not  result  in  growth  increases  that  were 
significantly  different  from  the  control  (no 
treatment).  Height  growth  responded  in  the  same 
manner  as  diameter  growth.  Depending  upon  their 
seasonal  growth  pattern  and  competitiveness  for 
late  season  moisture,  individual  genotypes  could 
respond  differently  to  timing  of  control. 


DIAMETER 
INCREMENT  (mm) 


12  HAT        J  JUNE       24J0Ne     20  JULY     26  *U«.      12  SCPT    CONTROL 

TREATMENT   DATE 

Figure  1 .  Effect  of  treatment  date  on  first- 
year  diameter  increment  of  loblolly  pine. 


When  attempting  to  integrate  tree 
improvement  and  weed  control  practices,  an 
important  consideration  is  that  of  genotype 
response  and  degree  of  responsiveness.  Whetb  i 
or  not  a  particular  genotype  responds  f avorab!  j, 
to  control  of  competition,  and  the  degree  of  j 
responsiveness  of  each  genotype  should  be     i 
considered  when  allocations  of  planting  stock  | 
are  being  planned  for  chemically  treated  sitei . 
Specific  interactions  of  genotypes  and  chemici  I 
must  also  be  considered. 

During  the  first  year  of  this  pilot  studj , 
family  differences  significantly  affected  botl 
height  increment  (P<0.001)  and  groundline 
diameter  increment  (P<0.0001).  A  combination  ) 
family  response  and  degree  of  responsiveness 
resulted  in  an  alteration  of  family  rankings 
depending  upon  whether  or  not  vegetation  was 
controlled.   In  plots  where  no  measures  were 
taken  to  reduce  weed  competition,  periodic    i 
diameter  increments  of  family  C  tended  to  be  a  tt 
large  as  or  larger  than  either  family  A  or  B  ! 
(fig.  2).  Conversely,  when  weed  competition  w  . 
alleviated,  family  A  tended  to  have  the  larges 
increments.  When  periodic  increments  were    ; 
combined  and  expressed  as  cumulative  growth,   ' 
family  C  tended  to  grow  more  than  either  famili 
A  or  B  under  conditions  of  weed  competition(fi 
3).  The  opposite  was  again  true  when  vegetatl  i 
was  controlled  and  family  A  grew  better  than 
either  families  B  or  C. 


A  similar  situation  existed  for  height 
increments.   In  plots  where  weed  competition 
was  heavy,  families  B  and  C  tended  to  have 
larger  periodic  increments  and  greater 
cumulative  growth  than  family  A.  Under 
conditions  of  season-long  weed  control,  family 
A  had  larger  periodic  increments  at  each 
measurement  date  and  subsequently  a  greater 
cumulative  increment. 


Interactions 

It  is  apparent  that  growth  of  individual  t 
families  changed  in  response  to  control  of 
vegetation  (fig.  4).  Thus  the  expression  of 
genetic  potential  of  each  family  depended  upon 
the  presence  or  absence  of  competition,  most 
likely  reflecting  changes  in  soil  moisture. 
Family  rankings  were  altered  when  a  comparison i 
was  made  between  their  response  to  the  control 
(no  treatment)  and  the  longest  treatment  perio(< 
(weed  control).  The  estimate  of  interaction 
for  groundline  diameter  increment  had  an  actua]i 
P  value  of  less  than  0.07,  and  for  height 
increment  an  actual  P  value  of  less  than  0.10. 
These  values  are  especially  interesting  when 
considering  they  are  for  only  one  year's 
growth. 


'  i^J 
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Figure  3.   Cumulative  diameter  increments  of 
three  loblolly  pine  families  under  conditions 
of  a)  herbacious  weed  competition,  or  b)  no 
competition. 

Even  without  drastic  alterations  in  family 
rankings,  certain  genotypes  are  likely  to  be 
more  responsive  to  conditions  of  no  competition 
for  moisture  and  nutrients  and  could  be 
optimally  utilized  where  vegetation  control 
would  be  practiced.   A  large  range  in 
magnitudes  of  differential  family  response  in 
height  and  diameter  growth  was  evident  in  this 
study  (Table  1).  Family  A  was  much  more 
responsive  to  the  control  of  competition.   A 
group  of  similarly  responsive  families  would  be 
the  best  choice  for  utilization  with  weed 
control  or  intensive  chemical  site  preparation. 


''igure  2.   Periodic  diameter  increments  of  three 
loblolly  pine  families  under  conditions  of  a) 
herbacious  weed  competition,  or  b)  no 
competition. 


:UMULATIVE 
DIAMETER 
NCREMENT  (mm) 

3 


WITH  COMPETITION 


Table  1 .  —  Family  comparison  of  growth 
increments  under  the  condition  of 
vegetation  control  as  a  proportion  of 
growth  increments  under  the  condition 
of  no  vegetation  control 


Family 


Height 
increment 


Diameter 
increment 


percent 
184 
158 
131 


percent 
408 
351 
262 


MEASUREMENT  DATE 
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DIAMETER 
INCREMENT  (mm) 

9  - 

8  - 
7  - 
6  - 

9 
4 
3 
2 


WITH 
COMPETITION 


NO 
COMPETITION 


a. 


HEIGHT 
INCREMENT  (cm) 

33  - 

30 
27 
24 

21 

18 


15 


1 


Differential  family  responses  indicate 
potential  benefits  of  evaluating  interactions 
between  genotypes  and  control  of  competition, 
and  the  use  of  this  information  in  the 
development  of  an  integrated  regeneration 
system.  Although  specific  chemical  by  genotyj  ■ 
interactions  are  also  expected,  they  should  m : 
carry  a  negative  connotation.  Conversely, 
these  interactions  should  be  utilized  to 
identify  those  genotypes  that  respond  optimal] ' 
when  used  in  connection  with  a  particular 
chemical.   Additional  studies  are  being 
conducted  to  further  evaluate  genotypic 
responses  to  the  control  of  competition  and  tc 
specific  chemicals.   In  addition,  evaluations 
must  be  made  of  seasonal  growth  patterns  to 
ascertain  the  underlying  physiological 
explanation  for  these  growth  responses. 


LITERATURE  CITED 

Knowe,  Steven  A.,  Larry  R.  Nelson,  Dean  H. 
Gjerstad,  Bruce  R.  Zutter,  Glenn  R.  Glover, 
Patrick  J.  Minogue,  and  James  H.  Dukes,  Jr. 
1985.  Four-year  growth  and  development  of 
planted  loblolly  pine  on  sites  with 
competition  control.  S.J.  Appl.  For. 
(in  press) . 

Nelson,  Larry  R. ,  Richard  C.  Pederson,  Lanny  L 
Autry,  Stuart  Dudley,  and  John  D.  Walstad. 
1981.  Impacts  of  herbaceous  weeds  in 
young  loblolly  pine  plantations.  South. 
J.  Appl.  For.  5  :  153-158. 

Zutter,  Bruce  R.,  and  Steven  A.  Knowe. 
1982.  First  year  results  for  loblolly 
pine  growth  impact  —  Georgia  Kraft. 
Auburn  Univ.  Silvicultural  Coop  Res. 
Note  No.  82-11.  2pp. 


WITH 
COMPETITION 


NO 
COMPETITION 


Figure  M.  First-year  growth  response  for 
a)  diameter  increment  b)  height  increment 
of  three  loblolly  pine  families  under  the 
conditions  of  herbaceous  competition  or  no 
competition. 
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FIRST  YEAR  GROWTH  RESPONSE  OF  YOUNG  LOBLOLLY  PINE  (PINUS  TAEDA  L.) 

TO  COMPETITION  CONTROL  ON  THE  VIRGINIA  PIEDMONT- 

2/ 
C.  G.  Bacon  and  S.  M.  Zedaker^' 


Abstract. — To  investigate  the  growth  response  of  young 
loblolly  pines  to  different  amounts  of  release  from  competing 
vegetation,  an  experiment  was  initiated  in  plantations  of 
three  ages  (0,  1,  and  2  years  since  planting)  on  three  tracts 
in  the  Virginia  Piedmont.   Competition  control  treatments  in- 
volved the  removal  of  all,  two-thirds,  one-third,  or  none  of 
the  hardwood  stems  in  combination  with  either  total  or  no 
herbaceous  control.   First  year  results  showed  a  significant 
increase  in  pine  growth  with  competition  control.   Treatments 
including  herbaceous  control  resulted  in  better  growth  than 
the  same  treatments  without  herbaceous  control.   The  best 
response,  obtained  with  the  two-thirds  woody  plus  herbaceous 
control  treatment,  resulted  in  a  252%  increase  in  volume 
growth  in  the  two-year-old  plantations  and  an  80%  increase  in 
volume  growth  in  the  one-  and  three-year-old  plantations.   In- 
dividual tree  growth  models  based  on  various  measures  of  com- 
peting vegetation  are  developed. 


INTRODUCTION 

The  southern  United  States  is  a  focal  point 
the  production  of  forest  products  and  will  be 
ireasingly  important  in  the  future,  producing 
.cjf  of  the  nation's  wood  by  the  year  2000  (Barber 
19) .   This  is  due  to  environmental  conditions 
'Ich  are  excellent  for  the  growth  of  fast-growing 
i;es,  and  the  presence  of  valuable  and  versatile 
pcies  such  as  loblolly  pine  (Pinus  taeda  L.). 
rspite  of  the  excellent  growing  conditions,  in- 
cisive management  of  southern  forest  lands  is 
iessary  to  maximize  production. 


Throughout 
iweeds,  invade 
e^s  are  no  exc 
eiion  dominated 
I  between  1957 
eennial,  along 
ih  the  crop  se 
lents  essentia 
itause  this  int 


the  South  numerous  unwanted  plants, 

uncontrolled  cropland.   Forest 

eption;  perennial  hardwood  vege- 

on  40  percent  of  the  pine  acreage 

and  1977  (Knight  1977).   These 

with  herbaceous,  weeds  compete 

edlings  for  light,  water  and  nu- 

1  for  growth  (Newbold  1979) , 

erspecific  competition  limits  the 
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growth  of  loblolly  pine,  productivity  can  be  im- 
proved by  controlling  these  weeds  (Nelson  et  al 
1981;  Cain  and  Mann  1980;  Loyd  et  al  1978). 

Considering  the  importance  of  pine  production 
in  the  southeast,  relatively  few  studies  have 
quantified  the  competitive  relationship  between 
loblolly  pine  and  weed  species  in  young  stands. 
Numerous  early  studies  of  competition  in  southern 
pine  plantations  have  indirectly  explored  the  growth 
relationships  between  loblolly  pine  and  competing 
vegetation  (see  Walstad  1976  and  Stewart  1981  for 
summaries) .   These  studies  evaluated  growth  response 
of  the  pine  released  from  competition  but  did  not 
measure  the  competitors  or  attempt  to  evaluate  the 
level  of  competition  present  before  or  after  treat- 
ment.  Removal  of  competition  was  shown  to  improve 
growth  but  no  recommendations  on  how  much  release 
is  necessary  for  a  maximum  growth  response  were 
possible. 

The  removal  of  competing  vegetation  can  be  an 
expensive  endeavor.   This  is  especially  true  in 
small  privately-owned  tracts  of  land.   Since  seven- 
ty percent  of  the  forest  land  of  the  South  falls 
under  non-industrial  private  ownership  (USPS  1980) 
release  work  in  these  stands  will  probably  involve 
simple  techniques  such  as  application  of  herbicides 
utilizing  backpack  sprayers.   In  such  techniques 
cost  increases  directly  with  the  amount  of  release 
(Balmer  et  al  1978) .   Therefore  it  is  desirable  to 
be  able  to  determine  if  there  is  a  critical  level 
of  competition  removal  above  which  the  pine  growth 
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does  not  significantly  increase. 


MATERIALS  AND  METHODS 


In  an  attempt  to  further  analyze  this  competi- 
tive relationship,  recent  studies  have  included  in- 
tensive measurements  of  the  competing  hardwood 
vegetation  (Roberts  1960;  Glover  1982).   Roberts 
(1962)  developed  measurements  designed  to  fully 
describe  the  competitive  situation  of  a  subject 
pine.   These  measurements  included  the  size  of  the 
pines  and  hardwoods,  hardwood  species,  and  distance 
and  direction  from  the  pine  to  the  hardwoods. 
Unfortunately,  Roberts  was  unable  to  fully  analyze 
the  data  and  was  only  able  to  develop  general 
recommendations  for  cleaning  operations  in  loblolly 
pine  plantations.   Glover  (1982)  utilized  multiple 
regression  techniques  as  a  variable  screening  pro- 
cedure to  determine  that  the  sum  of  the  hardwood 
groundline  basal  area,  the  number  of  hardwood  root- 
stocks  per  square  meter,  and  the  sum  of  the  hard- 
wood heights  were  the  best  predictors  of  pine  size 
and  growth.   In  his  most  accurate  estimation, 
Glover  found  that  hardwood  basal  area  alone  ex- 
plained 67  percent  of  the  variation  in  pine  di- 
ameter growth. 

Measures  of  crown  size  have  been  developed  as 
evaluations  of  competition  in  older  stands.   Crown 
size  is  an  indication  of  a  tree's  ability  to  com- 
pete for  light  and  may  also  give  an  indication  of 
root  competition,  based  on  a  hypothesized  relation- 
ship between  crown  size  and  root  area  (Krajicek 
et  al  1961).   Therefore  crown  size  should  give  an 
excellent  description  of  the  zone  of  influence  of 
a  tree.   This  zone  of  influence  is  the  area  over 
which  a  tree  obtains  or  competes  for  resources 
(Opie  1968;  Bella  1971;  Arney  1973;  Moore  et  al 
1973) .   Previous  studies  have  assumed  that  these 
zones  were  roughly  circular  in  shape  and,  in  size, 
proportional  to  the  diameter  at  breast  height  (dbh) 
of  the  tree.   Competitive  pressure  on  a  subject 
tree  was  then  determined  by  summing  the  area  of 
overlapping  zones. 

In  the  early  years  of  plantation  establish- 
ment, however,  crown  volume  appears  to  be  a  more 
meaningful  measure  to  determine  zone  size.   Bentley 
and  others  (1971)  utilized  a  brush  volume  index 
value  in  their  study  of  brush  competition  in  a 
ponderosa  pine  (Pinus  ponderosa  Laws.)  plantation. 
The  index  value  was  calculated  by  multiplying  crown 
height  by  crown  area  for  each  competitor.   Pine 
height  growth  generally  decreased  with  an  increase 
in  the  index  value  but  a  more  definite  relation- 
ship was  not  established. 

The  objectives  of  this  study  were  to  compare 
the  growth  response  of  young  loblolly  pines  to 
release  from  different  amounts  of  woody  and  herba- 
ceous competition,  and  to  develop  predictive  equa- 
tions for  the  growth  response  based  on  various 
measures  of  the  competing  vegetation.   In  addition, 
the  effectiveness  of  the  competing  vegetation 
measures  in  predicting  pine  growth  were  compared 
utilizing  multiple  regression  techniques. 


A  study  was  designed  and  initiated  in  1983  t  U 
investigate  the  growth  response  of  young  loblol.  ^ 
pines  to  different  amounts  of  release  from  com- 
peting vegetation.   This  study  was  installed  at 
three  different  sites  on  the  Virginia  Piedmont  ^r 
included  three  ages  at  each  site.   Plantations  :: 
their  first,  second,  and  third  growing  seasons  \i 
divided  into  0.1  hectare  plots  for  the  installai  i 
of  eight  release  treatments  in  a  split-plot  des:  3  ^ 
These  randomly  assigned  treatments  controlled  f<  . 
different  amounts  of  the  hardwood  vegetation,  ri  -  __ 
moval  of  all,  two-thirds,  one-third  or  none  of  i; 
woody  stems,  and  two  levels  of  the  herbaceous  cc  [ 
petition.   All  competition  control  was  provided  ) 
chemical  means  utilizing  ground  application  tecl  • 
niques.   Woody  stems  were  controlled  by  the  use  i 
a  basal  bark  spray  of  a  4%  solution  (v/v)  of  tri  ■ 
clopyr,  as  an  ester,  in  diesel  oil  applied  in 
June  1983.   Herbaceous  vegetation  was  also  con- 
trolled in  June  with  sulfometuron  methyl  at  6  02 
ai/acre  in  a  water  carrier.   An  additional  late 
season  (August)  application  of  a  1%  (v/v)  soluti 
of  glyphosate  in  water  was  required  to  ensure  sir 
season  control  of  the  herbaceous  vegetation. 

Growth  response  to  release  was  evaluated  at 
both  the  stand  level  and  on  an  individual  tree 
basis.   Several  height  and  diameter  measurements 
were  taken  on  each  of  twenty-five  systematicall)^  _ 
located  seedlings  in  each  treatment  plot.   Re-    _ 
measurement  at  the  end  of  the  first  growing  seasjil,-' 
following  treatment  provided  data  for  calculatiotll" 
of  current  volume  and  volume  growth  utilizing 
Smalian's  formula. 

Competition  was  evaluated  directly  around  f 
systematically  selected  seedlings  in  each  plot. 
Each  of  these  seedlings  served  as  the  center  of 
circular  plots  with  a  radius  of  1.5  m,  or  1.5 
times  the  height  of  pines  taller  than  a  meter,  u 
to  a  3  m  maximum.   The  distance  and  bearing  frois 
each  pine  was  recorded  for  all  hardwood  stems 
within  this  plot  along  with  species,  height, 
groundline  diameter,  and  two  perpendicular  crown 
diameters.   In  addition,  any  hardwood  stem  with 
height  greater  than  its  distance  from  the  subjec 
pine  was  included  as  a  competitor.   These  plots 
were  remeasured  to  give  an  indication  of  the  cha  1 
in  competition  due  to  the  treatments  and  a  curre  ' 
evaluation  of  the  competition  present. 


RESULTS  AND  DISCUSSION 

The  first  year  pine  height  growth  showed 
virtually  no  response  to  competition  control 
(Table  1).   Only  the  two-thirds  woody  control  pi  ' 
herbaceous  control  treatment  resulted  in  a  signi  : 
cant  increase  in  height  growth  over  the  treatmen 
without  competition  control.   This  lack  of  diffe ■ 
ence  was  expected  since  earlier  studies  have  fou  ' 
height  growth  to  be  relatively  insensitive  to  de  • 
sity  stress. 
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iLe   1. — First   year  height   growth   resp 

)onse 

Height   Growth 

Age 
1                   2 

ri/ 

3 

ritment                                 (cm) 

(cm) 

(cm) 

jiaceous   control: 

42.4ab 

'ital  woody  control      7.0ab 

54.5a 

3  woody  control    8.7a 
3  woody  control    8.6a 

6.8ab 
lerbaceous  control: 


'ital  woody  control   4  .  9bc 
.3  woody  control    3.  Ic 


46.7a  57.7a 

38.9bc  51.3a 

37.3bc  52.1a 

35.5bc  51.8a 


1  woody  control 
ontrol 


4.9bc 


6.6ab 


35.4c 


34.8c 


53.4a 


40.7b 


36.4bc   54.5a 


;ans  within  ages  followed  by  the  same  letter 
significantly  different  at  the  0.05  level 

Groundline  diameter  growth,  however,  showed 
tfinite  differential  response  to  competition 
);lrol  (Table  2).   In  all  ages,  the  two-thirds 
)ily  control  in  combination  with  herbaceous  con- 
ri[  resulted  in  significantly  greater  growth  than 
I'l treatment  without  competition  control.   This 
1 1  the  only  treatment  in  the  first  year  planta- 
L(^s  exhibiting  a  better  diameter  growth.   In  the 
nfyear-old  plantations,  all  of  the  treatments 
citpt  the  one-third  woody  control  without  herba- 
iifs  control  had  significantly  higher  growth  than 
treatment  without  control.   Only  the  treat- 
s  involving  a  combination  of  woody  and  herba- 
i«s  control  resulted  in  better  growth  in  the 
rje-year-old  plantations.   The  importance  of 
i>aceous  control  is  indicated  by  the  better 
ri'th,  in  most  cases,  from  treatments  with  herba- 
iiis  control  than  in  the  corresponding  treatments 
L  lout  control.   However,  the  need  to  combine  at 
iit  some  woody  control  with  herbaceous  control 
J  uggested  since  the  herbaceous  control  alone 
I., significantly  better  than  the  control  only  in 
II, two-year-old  plantations,  not  in  the  one-  and 
lie-year-old  stands. 


Table  2. — First  year  groundline  diameter  growth 
response 


Groundline  Diameter  Growth- 
Age 
1       2        3 


1/ 


Treatment 


(mm) (mm) (mm) 


Herbaceous  control: 

+  Total  woody  control  2.20ab  5.37ab  6.01b 

+  2/3  woody  control  2.46a  5.70a  7.01a 

+  1/3  woody  control  2.25ab  4.96ab  5.11bc 

only  1.86abc  4.35bc  4.95cd 

No  herbaceous  control : 

+  Total  woody  control  1.37cd  4.01bc  5.05cd 

+  2/3  woody  control  1.04de  4.27bc  5.05cd 

+  1/3  woody  control  0.50e  3.42cd  4.72cd 

No  control  1.55bc  2.70d  4. lid 

J^/Means  within  ages  followed  by  the  same  letter 
not  significantly  different  at  the  0.05  level 

The  volume  growth  response  (Table  3)  showed 
treatment  differences  that  were  similar  to  those  in 
the  diameter  growth  response.   The  total  and  two- 
thirds  woody  control  with  herbaceous  control  treat- 
ments exhibited  the  best  growth,  with  the  two- 
thirds  woody  control  being  best  on  the  two-  and 
three-year-old  sites. 

The  actual  amount  of  woody  control  obtained 
in  each  treatment  was  based  on  the  amount  of  hard- 
wood competition  present  before  treatment.   Since 
this  amount  was  not  the  same  for  all  plots,  an 
analysis  of  covariance  test  was  needed  to  ensure 
that  the  differential  growth  response  was  not  due 
to  the  different  amounts  of  initial  competition. 
Using  an  estimate  of  the  original  hardwood  ground- 
line  basal  area  per  plot  as  a  covariate,  the  analy- 
sis of  covariance  found  the  same  significant  dif- 
ferences in  volume  growth  between  treatments  as  the 
analysis  of  variance  results  (Table  3) .   This  indi- 
cates that  the  pines  responded  in  a  similar  manner 
to  the  same  treatment,  even  when  the  original 
amount  of  competition  was  different. 

When  viewed  as  the  percent  increase  in  volume 
growth  with  competition  control  over  no  control, 
the  best  growth  response  was  found  in  the  two-year- 
old  plantations  (Table  4).   The  two-thirds  woody 
plus  herbaceous  control  resulted  in  a  252%  in- 
crease in  growth  while  the  total  woody  plus  herba- 
ceous control  treatment  had  a  227%  increase.   Even 
the  one-third  woody  plus  herbaceous  control  and  the 
two-thirds  woody  control  only  resulted  in  a  doubling 
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of  growth  over  the  untreated  plots.   The  growth 
response  was  much  less  dramatic  in  the  one-  and 
three-year-old  pines  with  the  best  response  being 
only  about  an  80%  increase  in  growth.   These  re- 
sults seem  to  indicate  that  release  treatments  at 
the  beginning  of  the  second  growing  season  may 
give  the  best  growth  response. 


Table  3. — First  year  volume  growth  response 


1  2/ 
Volume  Growth—'— 


1 

Age 
2 

3 

Treatment 

(cm^) 

(cm  ) 

(cm  ) 

Herbaceous  control: 

+  Total  woody  control 
+2/3  woody  control 
+  1/3  woody  control 
only 

No  herbaceous  control: 
+  total  woody  control 
+2/3  woody  control 
+  1/3  woody  control 
No  control 


0.0206a  0.5141b   1.2190b 
0.0205a  0.5526a   1.5840a 
0.0195ab  0.3130c   0.9893bcd 
0.0155ab  0.2639cd  l.OOlSbcd 

0.0133ab  0.2569cd  0.9278bcd 
0.0072c   0.3124c   1.1870bc 
0.0048c   0.2387cd  0.8812cd 
0.0113bc  0.1570d   0.8558d 


1/Volume  calculated  using  Smalian's  formula 
2^/Means  within  ages  followed  by  the  same  letter 
not  significantly  different  at  the  0.05  level 

Pine  survival  was  generally  quite  high  for 
all  treatments  (Table  5).   As  expected,  survival 
was  lowest  overall  for  the  first  year  plantations; 
however,  there  were  no  significant  differences  for 
survival  between  treatments  for  either  the  one- 
or  three-year-old  plantations.   In  the  two-year- 
old  plantation,  there  were  significant  differences 
with  the  total  woody  control  plus  herbaceous  con- 
trol and  the  treatment  without  control  having 
lower  survival  than  the  one-third  woody  plus 
herbaceous  control  and  the  herbaceous  control  only. 
Overall,  however,  the  survival  percentages  indi- 
cate that  there  was  not  a  problem  with  herbicide 
damage  to  the  pines.   Therefore,  herbicide  damage 
does  not  explain  the  better  growth  response  in 
the  two-thirds  woody  control  over  the  total  woody 
control  treatments.   This  better  response  was 
probably  related  to  the  beneficial  effects  of 
some  degree  of  shading  on  moisture  availability. 


Table  4. — Percent  increase  in  volume  growth  w.  t,  • 
competition  control  over  no  control.   First  j  i*' 
year  results.  j  sivett 

[lie  sef 


Treatment 


Percent    Increase 

Age 
1  2  3 


iilsta 
of  thi 


Herbaceous  control : 
+  Total  woody  control 
+  2/3  woody  control 
+  1/3  woody  control 
only 

No  herbaceous  control: 
+  Total  woody  control 
+  2/3  woody  control 
+  1/3  woody  control 


82 

227 

81 

252 

73 

99 

37 

68 

42 
85 
16 
17 


18  64 
-36  99 
-58      52 


39 
3 


trei 
setrea 
ijjof 
■ilesD 
jUiae 
iiE  jf 
itea 
■sof 
silt 


.c 

itinin 

ilof 

i\\ 


ittte 


Table  5. — Survival  of  loblolly  pines  in  competa 
control  experiment  by  treatment. 


1/ 


Seedling  Survival- 


Treatment 


Age 

2 

% 


Herbaceous  control: 
+  Total  woody  control 
+  2/3  woody  control 
+  1/3  woody  control 
only 

No  herbaceous  control: 
+  Total  woody  control 
+  2/3  Woody  control 
+  1/3  woody  control 
No  control : 


j^/Means  within  ages  followed  by  the  same  lettei 
Significantly  different  at  the  0.05  level 


83a 

93b 

97a   I 

93a 

96ab 

100a 

92a 

99a 

97a 

80a 

100a 

96a   i 

76a 

95ab 

100a 

93a 

96ab 

96a 

72a 

95ab 

96a 

84a 

93b 

96a 

312 


Equations  to  predict  pine  growth  were  de- 

(jed  on  an  individual  tree  basis  utilizing  the 

esive  competition  measurements  obtained  for 

ive  seedlings  in  each  split-plot.   The  pine 

bles  used  were  the  natural  logarithm  of  the 

t|al  stem  volume  (LVl),  and  the  natural  loga- 

of  the  stem  volume  growth  (LVG) .   The  hard- 
variables  chosen  reflected  the  change  in  the 
ood  measurements  within  the  competition  plots 
ejch  tree.   These  were  obtained  by  subtracting 
retreatment  measurements  from  those  taken  at 
nd  of  the  first  growing  season.   The  specific 
bles  used  were  the  change  in  the  hardwood 
dline  basal  area  (CBA) ,  the  change  in  the 
live  groundline  basal  area  (CRBA) ,  where  the 

area  of  each  competitor  was  weighted  by  the 
se  of  its  distance  from  the  pine,  and  the 
e  in  the  hardwood  crown  volume  (CHCV) . 


The  log  of  the  initial  volume  (LVl)  was  the 
tipredictor  of  volume  growth  with  a  coefficient 

termination  of  .808  (Table  6).   The  addition 
€ch  of  the  hardwood  variables  resulted  in 
ya  slight  increase  in  the  R-squared.   Partial 

ts,  designed  to  test  if  the  added  variable 
tibuted  to  the  regression,  were  not  signifi- 
t^t  the  0.05  level  for  any  of  the  hardwood 
olbles. 


6. — Coefficients  of  determination  and 
tial  F-test  significance  for  all  ages 
treatments 


LVl 

LVl  +  CBA 
LVl  +  CRBA 
LVl  +  CHCV 


R 

0.808 
0.810 
0.813 
0.824 


Partial  F 

NS 
NS 
NS 
NS 


Since  this  lack  of  significance  may  have  been 
'3  the  different  responses  of  the  different 
dseedlings,  regressions  were  attempted  for 
hkge  separately.   With  the  same  models,  'there 
e;  once  again,  no  significant  partial  F-tests 
he  hardwood  variables.   However,  there  ap- 
rj  to  be  a  trend  of  increasing  coefficient  of 
eitoination  with  increasing  age  of  the  pines. 

I 

The  omission  of  herbaceous  variables  from 
s  models  may  also  be  effecting  the  results, 
rfore,  the  regressions  were  run  separately  on 

reatments  with  herbaceous  control  and  those 
hjt  herbaceous  control.   With  all  ages  in- 
dl  in  the  analysis  there  were  still  no  sig- 
i,jnt  partial  F-tests  with  the  addition  of  the 
d!)od  variables.   However,  the  hardwood  vari- 
6;  contributed  slightly  more  to  the  R-squared 
i\r.he   treatments  without  herbaceous  control. 


For  instance,  the  addition  of  the  change  in  hard- 
wood crown  volume  to  the  model  including  the  ini- 
tial volume  resulted  in  a  1.6%  increase  in  the 
R-squared  in  the  treatments  without  herbaceous 
control  but  only  a  0.1%  increase  in  the  R-squared 
in  treatments  with  herbaceous  control.   When 
separated  by  both  age  and  herbaceous  control,  a 
single  significant  partial  F-test  resulted  with 
the  change  in  hardwood  crown  volume  making  a  sig- 
nificant contribution  to  explaining  volume  growth 
in  the  three-year-old  pines  without  herbaceous 
control.   All  other  partial  F-tests  were  insig- 
nificant. 

These  results  indicate  that  additional  data 
and  analysis  are  needed  for  the  development  of 
better  predictive  equations.   An  additional  year 
of  growth  may  result  in  better  prediction,  as  may 
the  addition  of  herbaceous  variables.   Also,  more 
elaborate  competition  indices  will  be  calculated 
and  utilized  in  the  models.   These  will  include 
data  from  a  biomass-leaf  area  study  that  is  cur- 
rently being  processed.   This  data  will  be  used 
to  develop  weighting  factors  of  competitive 
ability  by  species  reflecting  differential  re- 
source use.   These  weighting  factors  will  be  com- 
bined with  the  hardwood  measurements  to  develop 
new  competition  indices  and  will  take  into  ac- 
count the  possibility  of  different  competitive 
effects  by  different  species.   On  the  other  hand, 
the  lack  of  a  significant  contribution  by  the 
hardwood  variables  may  be  the  result  of  a  large 
amount  of  variation  between  individual  trees.   If 
this  is  the  case,  stand  level  models  may  provide 
better  prediction  of  growth  than  individual  tree 
models  in  very  young  plantations.   To  test  this 
idea,  a  diameter  distribution  model  will  be  de- 
veloped. 

CONCLUSIONS 

Competition  control  resulted  in  a  differen- 
tial growth  response  to  release  in  both  ground- 
line  diameter  growth  and  volume  growth  in  the 
first  growing  season  following  treatment.   The 
best  response  was  found  in  the  two-year-old  plan- 
tations with  a  252%  increase  in  volume  growth 
with  the  two-thirds  woody  plus  herbaceous  control 
treatment  being  the  best  improvement  over  the 
treatment  without  competition  control.   This  seems 
to  indicate  that  response  to  release  treatments 
may  be  best  when  they  are  performed  in  plantations 
entering  their  second  growing  season  and  that 
total  hardwood  control  is  not  necessary  or  even 
desirable.   Control  of  herbaceous  weeds  increased 
volume  growth  over  the  same  treatment  without 
herbaceous  control  in  most  cases.   This  trend  was 
strongest  in  the  first  and  second  year  plantations 
becoming  less  obvious  with  age,  and  response  was 
better  in  woody  and  herbaceous  control  combina- 
tions than  in  the  herbaceous  control  treatment 
alone.   The  inclusion  of  hardwood  variables  in 
equations  predicting  pine  volume  growth  on  the 
individual  tree  basis  did  not  significantly  in- 
crease the  ability  to  predict  growth.   However, 
different  methods  of  approaching  this  problem  were 
indicated  and  further  analysis  is  planned. 
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MULCHING  IMPROVES  THE  GROWTH  AND  INTERNAL  MOISTURE  STATUS 

OF  LOBLOLLY  PINE  AND  YELLOW-POPLAR 

IN  AN  INTENSIVELY  MANAGED  BIOMASS  PLANTATION!/ 

R.  F.  Walker,  R.  J.  Luxmoore,  and  S.  B.  McLaughlin2/ 


Abstract.  The  effects  of  mulching,  in  conjunction 
with  fertilization  and  induced  mycorrhizal  symbioses,  on 
the  growth  and  internal  moisture  status  of  loblolly  pine 
(Pinus  taeda)  and  yellow-poplar  (Liriodendron  tulipifera) 
were  studied  in  a  plantation  managed  for  the  enhanced 
production  of  woody  biomass.  Mulching  with  perforated 
black  plastic  during  the  third  growing  season  resulted  in 
an  increase  in  soil  water  potential,  measured 
tensiometrically,  which  subsequently  resulted  in  an 
increase  in  the  xylem  pressure  potential,  as  measured  by 
the  pressure  chamber  technique,  and  the  growth  of  these 
species.  Four  applications  of  urea-N  annually  at  the  rate 
of  25  kg  ha"^  application"^  during  the  second,  third, 
and  fourth  year  following  planting  resulted  in  a  signifi- 
cant increase  in  the  growth  of  both  the  loblolly  pine  and 
the  yellow-poplar,  but  the  loss  of  the  integrity  of  the 
mycorrhizal  treatments  in  this  study  negated  an  effort  to 
assess  the  response  of  these  species  to  induced  mycorrhi- 
zal associations. 


1/  Paper    presented    at    the    Southern 
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INTRODUCTION 

The  potential  benefits  of  mulching  as  a 
cultural  practice  are  well  documented  and  in- 
clude the  reduction  of  surface  runoff  and 
erosion,  the  conservation  of  soil  moisture,  the 
modification  of  extremes  in  surface  soil  tem- 
peratures, and  the  control  of  undesirable  vege- 
tation. Mulching  has  been  routinely  employed  in 
general  agricultural  and  nursery  operations  for 
many  years  (Hartmann  and  Kester  1975)  and  has 
also  been  used  extensively  for  highway  slope 
stabilization  (Osborne  and  Gilbert  1978).  More 
recently,  it  has  received  wide  acceptance  as  an 
essential  tool  in  the  reclamation  of  surface- 
mined  lands  (Plass  1978),  and  it  is  only  in  the 
reforestation  of  these  sites  that  its  applica- 
bility as  a  silvicultural  practice  been  investi- 
gated (Albers  and  Carpenter  1979,  Tackett  and 
Graves  1979) .  Another  potential  application  of 
mulching  in  forestry  is  in  silvicultural  biomass 
plantations,  where  intensive  cultural  practices 
are  mandated  by  the  relative  shortness  of  the 
crop  rotations,  but  this  potential  has  been 
neither  explored  nor  exploited  to  any  apprecia- 
ble extent.  Cognizant  of  these  foregoing 
considerations,  this  study  was  conducted  to 
assess  the  effects  of  mulching,  in  conjunction 
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with  fertilization  and  induced  mycorrhizal  sym- 
bioses,  on  the  growth  and  internal  moisture 
status  of  loblolly  pine  (Pinus  taeda  L.)  and 
yellow-poplar  (Liriodendron  tulipifera  L.)  in  a 
plantation  managed  for  the  enhanced  production 
of  woody  biomass. 


MATERIALS  AND  METHODS 

The  site  on  which  this  study  was  conducted 
is  located  in  Roane  County,  Tennessee  on  the  Oak 
Ridge  Reservation.  Several  soil  series  are 
represented  on  the  site,  all  of  which  were 
derived  from  shale  and/or  sandstone,  and  most  of 
which  were  badly  eroded.  Prior  to  the  estab- 
lishment of  the  plantation,  the  predominate 
vegetation  consisted  of  secondary  hardwood-pine 
scrub  forest  resulting  from  agricultural  aban- 
donment. After  the  harvest  of  all  salvageable 
timber  and  pulpwood,  the  slash  was  windrowed  and 
the  soil  was  prepared  for  planting  by  disking. 
In  February  and  March  1981,  loblolly  pine3/  and 
yellow-poplarA/  seedlings  were  machine  planted 
in  separate  locations  on  the  plantation  site. 
The  spacing  within  and  between  rows  was  approxi- 
mately 2  m,  and  following  planting,  the  seed- 
lings of  each  species  were  divided  into 
individual  20  x  20  m  plots  with  a  6  m  wide 
border  separating  each  plot.  Within  each 
species,  the  plots  consisted  of  seedlings 
previously  inoculated  in  the  nursery  with  a 
specific  mycorrhizal  fungus  or  a  combination  of 
mycorrhizal  fungi,  or  of  seedlings  infected  with 
mycorrhizal  symbionts  endemic  to  the  nursery. 
For  the  inoculated  loblolly  pine,  an  ectomy- 
corrhizal  association  of  this  host  and 
Pisolithus  tinctorius  (Pers.)  Coker  and  Couch 
was  induced  by  the  method  of  Marx  and  Bryan 
(1975)  with  modifications  to  accommodate  the 
prevailing  site  factors  and  soil  conditions  of 
the  nursery.  For  the  inoculated  yellow-poplar, 
an  endomycorrhizal  association  of  this  host  and 
both  Glomus  mosseae  (Nicol.  and  Gerd.)  Gerd.  and 
Trappe  and  Glomus  fasciculatus  (Thaxter)  Gerd. 
and  Trappe  was  induced  by  the  method  of  Kormanik 
et  al.  (1980a),  again  with  modifications  to 
accommodate  the  prevailing  nursery  conditions. 
After  lifting  from  the  nursery  bed,  the  ectomy- 
corrhizal  development  of  the  inoculated  and 
noninoculated  loblolly  pine  seedlings  was 
evaluated  by  the  method  of  Marx  et  al.  (1976) 
and  the  endomycorrhizal  development  of  the 
inoculated  and  noninoculated  yellow-poplar  was 
evaluated  by  the  method  of  Kormanik  et  al . 
(1980b). 


3/  The  loblolly  pine  seedlings  were  grown 
by  the  South  Carolina  State  Commission  of 
Forestry  at  its  Ridge  State  Forest  Tree  Nursery, 
P.O.  Box  116,  Trenton,  South  Carolina  29847. 

4/  The  yellow-poplar  seedlings  were  grown 
by  the  Tennessee  Division  of  Forestry  at  its 
Pinson  .State  Forest  Tree  Nursery,  P.O.  Box  132, 
Pinson,  Tennessee  38366. 


In  1982,  a  fertility  variable  was  in  i 
duced  in  the  study  by  dividing  the  plots  of  IIJ 
noninoculated  seedlings  of  both  the  lobl ,; 
pine  and  the  yellow-poplar  into  fertilized  i 
nonfertilized  treatments.  The  fertilized  pui 
received  four  applications  of  urea-N,  applies 
broadcasting  at  the  rate  of  25  kg 
application"-^,  at  equal  intervals  througiij 
the  year  for  a  total  annual  rate  of  1001 
ha"-'-,  while  the  nonfertilized  plots  served'( 
the  control  treatment.  These  fertilizai: 
treatments  were  repeated  in  1983  and  again 
1984.  In  June  1983,  paired  mulched 
nonmulched  subplots  were  established  within  ij"*" 
plots  of  the  inoculated  seedlings, 
fertilized  seedlings,  and  the  control  seedlili 
of  each  species.  Each  subplot  consisted  of '1 
adjacent  seedlings,  and  perforated  black  plasd 
(0.152  mm  in  thickness)  was  applied  over  an  i 
of  4  m^  centered  around  each  of  the  seedlil' 
within  the  subplots  designated  to  receive  » 
mulching  treatment.  Each  combination 
inoculation,  fertilization,  and  mulching  tren 
ment  was  replicated  twice  for  each  speciis 
Between  the  two  seedlings  of  each  subplot,- 
Irrometer®  Model  S  12-inch  soil  tensiometet: 
and  two  Wescor  PCT-55-15-SF  soil  psychrh) 
eters6/  were  installed  in  order  to  monitor  s 
moisture  and  temperature.  One  psychrometer  r 
installed  at  a  depth  of  15  cm  and  the  other  a  :| 
depth  of  60  cm. 
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On  each  of  two  successive  days  irj  ea«| 
September  1983,  the  xylem  pressure  potentialslS 


1 


the  trees  of  one  replication  of  every  combil|pii[[ 
tion  of  species  and  treatment  were  measured 
dawn  and  again  at  midday  using  a  PMS  Model 
portable   pressure   chamber.  7^/    The   gene 
methodology  used  for  these  measurements  was  t 
of  Waring  and  Cleary  (1967).   Small  branc  i 
selected  from  mid  crown  were  cut  approximat 
12  cm  from  the  terminal  bud  for  measurement,  i  ; 
the  pressure  within  the  chamber  was  increased'ij  ci  j 
a  constant  rate  of  approximately  0.07  MPa  |  tlitt 
until   sap   appeared   uniformly   on   the   I  !jb 
surface.   The  dawn  measurements  were  begun  iii  lapi 
6:00  a.m.  and  completed  by  7:30  a.m.  and  1 
midday  measurements  were  begun  at  1:00  p.m.  i 
completed  by  2:30  p.m.   At  the  midpoint  of  e< 
measurement   period,   the   air   temperature   ' 
determined  using  a  mercury  thermometer.   Betw ( 
the  dawn  and  midday  measurements  of  xylem  pr  '■ 
sure  potential,  readings  of  soil  water  potent  f 
were   taken   from   the   soil   tensiometers,   ' 
readings   of   soil   water   potential   and  s  i 
temperature  were  obtained  from  the  soil  p  S 
a   Wescor   HR-33T  dew  po  r 
The    first    series    ci 


chrometers   using 
microvoltmeter . 


h 
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24  ' 


5_/   Irroraeter   Company,   P.O. 
Riverside,  California  92516. 

6/  Wescor,   Incorporated,   459   South  M  i 
Street,  Logan,  Utah  84321. 

7/  PMS  Instrument  Company,  2750  NW  Ro;  a 
Oaks  Drive,  Corvallis,  Oregon   97330. 
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sijurements  of  xylem  pressure  potential  and 
);  water  potential  (Day  1-2  measurements)  was 
i^  on  two  successive  days  immediately 
(Jowing  a  major  precipitation  event,  as 
(ijtored  by  an  on-site  rain  gauge.  A  second 
>i|es  of  these  measurements,  identical  in 
il|od  and  sequence  to  the  first  series,  was 
1(1  on  the  eighth  and  ninth  day  following  the 
•«|ipitation  event  (Day  8-9  measurements). 
Diidiately  following  the  Day  8-9  measurements, 
i;!stimate  of  the  percent  ground  cover  of  each 
■  ;he  nonmulched  subplots  was  determined  by  the 
lijed  estimate  method  of  Phillips  (1959). 
isurements  of  the  height  and  root  collar 
teter  of  the  trees  in  each  subplot  were  made 
I  jUne  1983  at  the  installation  of  the  mulching 
■tjtments,  in  October  1983  at  the  end  of  the 
iiid  growing  season,  and  in  October  198A.  With 
i£l  exception  of  the  air  temperature  measure- 
ifs,  analyses  of  variance  were  done  on  all 
i  and  the  differences  among  means  were 
■£uated  with  Duncan's  New  Multiple  Range  Test 
'=1.1). 


RESULTS 

Twenty-four  percent  of  the  short  roots  of 
ei  loblolly  pine  seedlings  inoculated  in  the 
rtery  with  P.  tinctorius  were  infected  with 
i|  symbiont  at  lifting  and  30%  were  infected 
t[  ectomycorrhizal  fungi  endemic  to  the 
rjery.8/  Seventy-one  percent  of  the  inoc- 
8ed  loblolly  pine  seedlings  examined  at 
fiing  from  the  nursery  bed  were  infected  with 
tinctorius .  Of  the  noninoculated  loblolly 
ri,  5%  of  the  short  roots  were  found  to  be 
4:ted  with  P.  tinctorius  at  lifting  and  A3% 
ii  infected  with  naturally  occurring  ectomy- 
rhizal  fungi;  34%  of  the  noninoculated 
tplly  pine  examined  at  lifting  were  infected 
t  P.  tinctorius .  During  the  third  growing 
Bon  after  outplanting,  examinations  of  the 
niete  root  systems  of  inoculated  loblolly 
r  growing  adjacent  to  the  subplots  of  this 
etment  revealed  that  less  than  5%  of  the 
ct  roots  were  infected  with  P.  tinctorius  and 
sj  than  20%  were  infected  by  any  ectomycor- 
ipl  symbiont.  Conversely,  examinations  of 
eiroot  systems  of  noninoculated  loblolly  pine 
Cling  adjacent  to  the  subplots  of  this  treat- 
r  revealed  that  more  than  40%  of  the  short 
OS  were  ectomycorrhizal,  essentially  none  of 
ih  was  the  result  of  an  infection  by  P. 
nborius.  After  the  lifting  of  the  yellow- 
par  from  the  nursery  bed,  it  was  found  that 
ejoverall  level  of  endomycorrhizal  development 


did  not  differ  significantly  between  the 
inoculated  and  noninoculated  seedlings,  so  any 
differences  in  the  performance  of  these  seed- 
lings during  this  study  can  not  be  attributed  to 
this  treatment. 9/ 

Fertilization  significantly  increased  the 
growth  of  the  loblolly  pine  and  the  yellow- 
poplar  in  this  study  after  four  growing  seasons 
(Table  1).  Conversely,  the  growth  of  the 
inoculated  trees  of  both  species  was  generally 
inferior,  with  respect  to  height  and  root  collar 
diameter,  to  that  of  the  control  trees  irre- 
spective of  the  mulching  treatment,  although  the 
differences  were  not  always  statistically  sig- 
nificant. The  growth  of  these  two  species  was 
also  expressed  relative  to  that  which  had 
occurred  prior  to  the  installation  of  the  pained 
mulched  and  nonmulched  subplots  in  order  to 
emphasize  the  effect  of  this  treatment  on  the 
ensuing  growth  through  the  fourth  growing 
season.  Generally,  the  response  of  both  species 
to  mulching  was  strongly  positive  with  respect 
to  either  growth  parameter  and  irrespective  of 
the  main  treatment,  although  statistically  sig- 
nificant differences  primarily  occurred  only  in 
the  loblolly  pine. 

The  xylem  pressure  potential  measurements 
made  at  midday  on  the  eighth  and  ninth  day 
following  the  precipitation  event  indicated  that 
the  internal  moisture  status  of  the  mulched 
loblolly  pine  was  significantly  more  favorable 
for  growth  than  that  of  the  nonmulched  loblolly 
pine  within  every  main  treatment,  and  similar 
results  were  noted  for  the  measurements  made  at 
midday  on  the  first  and  second  day  (Table  2)  . 
Generally,  the  xylem  pressure  potentials  of  the 
mulched  yellow-poplar  were  also  more  favorable 
(less  negative)  at  midday  than  those  of  the 
nonmulched  yellow-poplar,  although  the 
differences  within  main  treatments  were  rarely 
significant.  At  dawn,  the  differences  in  pres- 
sure potential  between  mulched  and  nonmulched 
trees  were  usually  relatively  small,  although 
sometimes  significant,  for  both  species  during 
either  the  Day  1-2  measurements  or  the  Day  8-9 
measurements,  but  here  again,  the  internal 
moisture  status  of  the  mulched  trees  was 
generally  more  favorable  than  that  of  the  non- 
mulched trees.  Overall,  the  xylem  pressure 
potentials  of  the  fertilized  loblolly  pine  were 
marginally,  and  in  some  instances  significantly, 
higher  (less  negative)  than  those  of  the  control 
loblolly  pine,  but  significant  differences 
rarely  occurred  between  the  fertilized  and  con- 
trol yellow-poplar.  Routinely,  soil  water  was 
more   available   (less   negative   soil   water 


I  8/  The  evaluation  of  the  ectomycorrhizal 
vlopment  of  the  loblolly  pine  seedlings  at 
fing  was  done  by  Dr.  Donald  H.  Marx,  USDA 
rst  Service,  Southeastern  Forest  Experiment 
aion.  Institute  for  Mycorrhizal  Research  and 
vLopment,  Forestry  Sciences  Laboratory, 
r:on  Street,  Athens,  Georgia  30602. 


9/  The  evaluation  of  the  endomycorrhizal 
development  of  the  yellow-poplar  seedlings  at 
lifting  was  done  by  Dr.  Ronald  L.  Hay, 
University  of  Tennessee,  Department  of  Forestry, 
Wildlife,  and  Fisheries,  P.O.  Box  1071, 
Knoxville,  Tennessee  37901. 


317 


Table  1.  The  growth  after  four  growing  seasons  and 
the  relative  growth  through  the  fourth  growing 
season  following  mulching  during  the  third  growing 
season  of  inoculated,  fertilized,  and  control 
loblolly  pine  and  yellow-poplar .1/ 


Relative  Growth 

FollowinK  MulchinR 

Root  Collar 

Height 

Diameter 

Root  Collar 

Treatment 

(cm) 

(mm) 

Height 

Diameter 

L^K1/^11«  D5n« 

P.  tinctorius 

Mulched 

211de 

48bc 

0.96a 

1.08a 

Nonmulched 

190e 

37c 

0.66c 

0.57c 

Fertilized 

Mulched 

331a 

76a 

0.84ab 

0.92ab 

Nonmulched 

303ab 

61b 

0.73bc 

0.69bc 

Control 

Mulched 

276bc 

60b 

0.95a 

1.11a 

Nonmulched 

237cd 

52b 

0.82b 

0.92ab 

Yellow-Poplar- 

Glomus  spp. 

Mulched 

143c 

38b 

0.36a 

0.65ab 

Nonmulched 

154c 

36b 

0.35a 

O.Alb 

Fertilized 

Mulched 

267a 

58a 

0.77a 

1.25a 

Nonmulched 

258a 

50a 

0.50a 

0.67ab 

Control 

Mulched 

223ab 

52a 

0.67a 

1.13a 

Nonmulched 

179bc 

33b 

0.36a 

0.61ab 

1/  within  a  species  and  column,  means  with  a 
common  letter  do  not  differ  significantly  at  P=0.1. 

potential)  for  tree  growth  in  the  mulched  sub- 
plots of  both  the  loblolly  pine  and  the  yellow- 
poplar  than  in  the  nonmulched  subplots  during 
either  the  Day  1-2  or  the  Day  8-9  measurements, 
but  the  differences  within  main  treatments  were 
significant  in  only  a  few  instances.  All  soil 
water  potential  measurements  shown  in  Table  2 
were  obtained  from  the  soil  tensiometers  in- 
stalled in  each  subplot;  the  study  site  was  not 
sufficiently  dry  at  the  time  of  these  measure- 
ments to  obtain  accurate  readings  from  the  soil 
psychrometers . 

The  mean  air  temperature  at  6:45  a.m. 
during  the  Day  1-2  measurements  of  xylem  pres- 
sure potential  and  soil  water  potential  was 
8°C,  and  the  mean  temperature  at  6:45  a.m. 
during  the  Day  8-9  measurements  was  9°C.  The 
mean  air  temperatures  at  1:45  p.m.  during  the 
Day  1-2  and  Day  8-9  measurements  were  26°C  and 
27°C,  respectively.  Due  to  the  inadvertent 
malfunction  of  the  soil  psychrometers  installed 


in  some  of  the  subplots  of  the  loblolly  p  i 
soil  temperatures  were  obtained  in  the  yel  ( 
poplar  subplots  only.  At  a  depth  of  15  cm,  ( 
temperature  ranged  from  18°C  to  21°C  in  t 
yellow-poplar  subplots  and  did  not  di:  f 
significantly  between  any  of  the  treatmi  r 
represented  in  this  study.  The  percent  grit 
cover  within  the  nonmulched  subplots  of  [ 
inoculated,  fertilized,  and  control  lobld 
pine  was  78%,  74%,  and  54%,  respectively,  bi-. 
significant  difference  existed  only  between  ; 
inoculated  and  the  control  loblolly  pine.  [ 
percent  ground  cover  within  the  nonmulched  m 
plots  of  the  inoculated,  fertilized,  and  cont  • 
yellow-poplar  was  24%,  54%,  and  45%,  resj ; 
tively;  there  were  no  significant  differences 
percent  ground  cover  between  any  of  the  n i 
treatments  of  the  yellow-poplar. 


DISCUSSION 

It  can  be  concluded  that  the  perf ors . 

black  plastic  used  as  a  mulch  in  this  st  i 

conserved  soil  moisture  in  the  mulched  subpl  i 

sufficiently  to  effect  a  significant  reduct 

in  the  internal  moisture  stress  of  the  loblo 

pine,  and  to  a  lesser  extent  the  yellow-popl . 

during  dry  periods.   Subsequently,  this  enhan 

internal  moisture  status  was  reflected  in  1 

increased   growth   of   the   mulched   trees  t  ■. 

followed  the   installation  of  this  treatme  i 

Plastic   mulching   materials   are   undoubte  . 

effective  in  reducing  evaporative  loss  of  s  : 

moisture,  but  integrating  the  results  of  ot ( 

studies  (Carter  et  al .  1984,  Nelson  et  al.  19] 

and  the  results  presented  here  suggests  that  1 

elimination   of   competing   vegetation   wh  ( 

accompanies   the   use   of  mulches   is   also  c 

primary  importance  in  the  conservation  of  s^  i 

moisture.   Comparisons  of  the  xylem  press  i 

potentials  between  the  fertilized  and  cont  c 

trees   of   both   species   indicated   that   t 

fertility  regime  employed  in  this  study  did  i  c 

effect  an  imbalance  in  the  shoot/root  ratio  -i,,,, 

J  'i'iltwl 
the  extent  that  it  impaired  the  ability  of  'ti!;, 

root  systems  to  supply  water  to  the  abovegrorii'  ;-- 

portions  during  dry  periods.   The  lack  of  a  s:^'"' 

nificant  difference  between  the  soil  tempen 

tures  of  the  mulched  and  nonmulched  yelli « 

poplar  subplots  indicates  that  the  use  of  bli : 

plastic  as  the  mulching  material  did  not  resi  I 


sequently  that  the  increased  growth  of  ii 
mulched  trees  in  this  study  can  not 
attributed  to  any  increase  in  nutrient  avail 
ability  resulting  from  a  temperature-indue  J 
increase  in  the  rate  of  soil  organic  matt! 
mineralization. 

Any  reasoning  for  the  relatively  pt 
performance  of  the  inoculated  loblolly  pine  i 
yellow-poplar  in  this  study  is  largely  a  matt 
of  speculation,  and  it  is  probable  that  sever 
interacting  factors  contributed  to  this  resu] 
A  relatively  long  cold  storage  period  (approi 
mately  eight  weeks)  between  the  lifting  and  t 
outplanting   of   the   loblolly   pine   may  hs 
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Table  2.  The  xylem  pressure  potentials  and  soil  water  potentials  in  paired 
mulched  and  nonmulched  subplots  of  inoculated,  fertilized,  and  control 
loblolly  pine  and  yellow-poplar  at  two  time  intervals  following  a  major 
precipitation  event  during  the  third  growing  season. 1/ 


Xvleir 

Pressure 

Potential  (MPa) 

Soil 

Water 

Day 

1-2 

Day 

8-9 

Potenti 
Day  1-2 

al  (MPa) 

Treatment 

Dawn 

Midday 

Dawn 

Midday 

Day  8-9 

Lol 

P.  tinctorius 

Mulched 

-0.41a 

-1.30c 

-0.41a 

-1.38b 

-0.048a 

-0.054ab 

Nonmulched 

-0.48b 

-1.38e 

-0.53ab 

-1.52c 

-0.051a 

-0.057b 

Fertilized 

Mulched 

-0.48b 

-1.13a 

-0.54ab 

-1.24a 

-0.033a 

-0.054ab 

Nonmulched 

-0.52bc 

-1.25b 

-0.52ab 

-1.47c 

-0.057a 

-0.066c 

Control 

Mulched 

-0.49b 

-1.34d 

-0.54ab 

-1.42b 

-0.045a 

0.047a 

Nonmulched 

-0.53c 

-1.39e 

-0.71b 

-1.49c 

-0.054a 

-0.056b 

Ypl  1  '^■•'  Onr^A   o.. 

Glomus  spp. 

Mulched 

-0.46c 

-1.29b 

-0.54ab 

-1.27a 

-0.026a 

-0.034a 

Nonmulched 

-0.49d 

-1.38b 

-0.60ab 

-1.49a 

-0.049b 

-0.039ab 

Fertilized 

Mulched 

-0.40a 

-1.00a 

-0.47ab 

-1.25a 

-0.038ab 

-0.043b 

Nonmulched 

-0.46c 

-1.29b 

-0.70b 

-1.51a 

-0.042ab 

-0.055c 

Control 

Mulched 

-0.39a 

-1.21ab 

-0.45a 

-1.43a 

-0.035ab 

-0.037ab 

Nonmulched 

-0.43b 

-1.31b 

-0.52ab 

-1.52a 

-0.039ab 

-0.039ab 

1/  within  a  species  and  column,  means  with  a  common  letter  do  not  differ 
significantly  at  P=0.1. 


r^ulted  in  a  reduction  in  the  viability  of  the 
tinctorius  ectomycorrhizae  present  on  the 
t  systems  of  the  inoculated  seedlings,  which 


sequently  resulted  in  a  delay  in  the  develop- 
w(t  upon  outplanting  of  the  ectomycorrhizal 
rtt  systems  considered  indispensable  for  the 
jiwth  of  Pinus  spp.  under  natural  conditions 
(Iyer  1973).  Ectomycorrhizal  fungi  differ 
nakedly  in  their  carbohydrate  requirements 
(Fcskaylo  1973),  and  the  P.  tinctorius 
ecomycorrhizae  may  have  largely  exhausted 
a\ilable  carbohydrate  reserves  during  cold 
strage.  It  is  also  possible,  despite 
af'earances  to  the  contrary  (Marx  1977),  that 
t)  site  on  which  this  study  was  conducted  was 
nc  suitable  for  the  growth  and  development  of 
P.  tinctorius.  The  lack  of  any  quantitative 
diference  in  overall  endomycorrhizal 
de'elopment  between  the  inoculated  and 
ncinoculated  yellow-poplar  at  outplanting  leads 
tc  the  conclusion  that  the  relatively  poor 
pe'formance  of  the  inoculated  yellow-poplar  was 
atlributable  to  variation  in  site 
chracteristics  within  the  plantation,  a  factor 
wh;h   may   have   also   contributed   to   the 


relatively  poor  performance  of  the  inoculated 
loblolly  pine.  In  contrast  to  the  disappointing 
results  of  the  mycorrhizal  treatments  employed 
in  this  study,  the  response  of  both  loblolly 
pine  and  yellow-poplar  to  fertilization  was 
strongly  positive  and,  in  light  of  the  poor 
growing  conditions  prevailing  on  the  site,  needs 
no  further  elaboration. 

In  woody  biomass  plantations  where  inten- 
sive silvicultural  practices  are  mandated  by  the 
relative  shortness  of  the  crop  rotations,  the 
results  presented  here  indicate  that  mulching 
can  result  in  a  substantial  increase  in  site 
productivity,  and  in  many  locations,  may 
eliminate  the  need  for  more  costly  irrigation 
systems.  This  cultural  practice  may  prove 
particularly  applicable  in  climatic  regions 
typified  by  adequate  yearly  precipitation  but 
subject  to  uneven  distribution,  such  as  the 
southeastern  United  States,  where  it  may 
effectively  extend  the  growing  season  through 
the  frequently  dry  months  of  August  and 
September. 


I 
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INTENSIVE  CULTURE  GIVES  SLASH  PINE  PLANTATIONS  A  FAST  START— 


1/ 


James  D.  Burton  and  Glenn  A.  Snow— 


2/ 


Abstract. — Container-grown  slash  pine  seedlings 
planted  on  a  cutover  forest  site  In  central  Louisiana 
received  4  levels  of  culture  (check,  weeded,  weeded- 
bedded,  or  weeded-bedded-f ertilizef)  in  all  possible 
combinations  with  no  spraying  or  repeated  sprayings  of 
a  systemic  fungicide  for  protection  against  fusiform 
rust.   Four  years  after  planting,  mean  tree  height  and 
total  stemwood  volume  per  acre  increased  from  5.5  feet 
and  20  cubic  feet/acre  on  check  plots  to  13.2  feet  and 
193  cubic  feet/acre  on  weeded-bedded-f ertillzed  plots. 
On  fungicide-sprayed  plots,  the  percentage   of  planted 
trees  surviving  and  free  of  stem  galls  decreased  from 
95  in  the  check  plots  to  90  in  the  weeded-bedded- 
fertilized  treatment.   In  unprotected  plots,  the  com- 
parable percentages  were  76  and  51. 


INTRODUCTION 

I  Slash  pine  {Pinus   elliottii   Engelm.  var. 
eliottii)   plantations  in  the  western  Gulf 
^astal  Plain  can  reach  economic  maturity 
Ester  if  the  rotation  is  shortened  by  site 
pfparation,  weeding,  and  fertilization.   Rapid 
jj)wth  also  has  insurance  value  and  planning 
i7|.ue:  the  juvenile  period  of  extreme  vulnera- 
blity  to  wildfire  and  disease  is  shortened, 
iJule  the  latitude  for  decision  making  by  the 
Lidowner  is  correspondingly  increased.   An 
simple  is  provided  by  an  ongoing  study  that 
#s  begun  in  central  Louisiana  in  1979. 
Ifults  through  the  first  4  years  of  that  study 
i)  presented  in  this  paper. 

MATERIALS  AND  METHODS 

Study  Area 

The  study  area  is  on  the  Palustris 
Sierimental  Forest  near  Alexandria,  Louisiana. 
3'. Is  are  silt  loams  in  the  Beauregard-Caddo 
iiociation.   Slopes  range  only  from  0.2  to  0.6 
P"cent,  averaging  0.4  percent,  and  consistent- 


1/. 


I  I  —  Paper  presented  at  Southern 
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ly  face  a  single  direction.   Nutrient-supplying 
capacity  of  the  soils  is  low:  total  nitrogen  in 
the  uppermost  6  inches  averaged  0.09  percent  and 
available  phosphorus  0.9  p/m.   Although  these 
soils  are  droughty  in  summer,  the  water  table  is 
at  or  near  the  surface  in  winter. 

The  area  was  prepared  by  harvesting  the 
volunteer  oak-pine  forest.   Every  tree,  living  or 
dead,  standing  or  fallen,  2  inches  d.b.h.  and 
larger,  was  dragged  off  the  site;  woody  stems 
smaller  than  this  were  cut  and  left. 

Seedling  Production 

Seeds  from  a  bulk  lot,  labeled  South 
Mississippi  Slash  Pine  1973,  were  sown  in 
styroblock  containers  with  4-cublc-inch  cavities. 
Previous  experience  had  shown  that  trees  grown 
from  seeds  of  this  lot  were  vigorous,  hardy,  and 
susceptible  to  fusiform  rust  infection  in  central 
Louisiana.   Seedlings  were  grown  for  14  weeks  in 
a  greenhouse  and  outplanted  in  April  1979,  spaced 
6  feet  apart  in  rows  8  feet  apart.   Each  plot 
contained  168  trees  (equals  908  trees/acre)  in  12 
rows  of  14  individuals. 

Treatments 

Eight  plots,  each  96  by  84  feet  (equals  0.185 
acre),  were  laid  out  in  each  of  three  blocks. 
Eight  treatments  representing  four  levels  of 
culture  with  no  spraying  or  repeated  sprayings  of 
a  systemic  fungicide  for  protection  against 
fusiform  rust  were  randomly  assigned  within  each 
block.   The  culture  levels  were: 
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C  -  Check, 
W  -  Weeding, 


WB 


Weeding  and  bedding,  and 


WBF  -  Weeding,  bedding,  and  fertilizing. 

In  October  1978,  6  months  before  outplant- 
ing,  the  W  plots  were  flat-disked,  and  the  WB 
and  WBF  plots  were  bedded.   The  WBF  plots  were 
given  96  lb/acre  of  phosphorus  before  bedding, 
so  that  the  forming  of  the  beds  would  mix  the 
0-46-0  triple  superphosphate  with  the  soil. 
The  WBF  plots  also  received  ammonium  nitrate, 
which  is  33  percent  elemental  nitrogen,  in  July 
1979,  3  months  after  outplanting  of  the  slash 
pine  seedlings.   Twenty  grams  (0.0441  lb)  of 
ammonium  nitrate  pellets  were  applied  in  a 
circle  1  foot  in  radius  around  each  of  the  908 
seedlings  per  acre.   This  rate  amounted  to  a 
nitrogen  application  equivalent  to  200  lb/acre 
within  these  circles  or  13  lb/gross  acre. 

The  plots  to  be  weeded  (W,  WB,  and  WBF) 
were  sprayed  with  a  mixture  of  dalapon  (6  lb 
a. i. /acre)  and  simazine  (3  lb  a. i. /acre)  in 
April  and  with  glyphosate  (5.5  lb  a. i. /acre)  in 
late  July  in  each  of  the  first  4  years. 

The  systemic  fungicide  triadiraefon,  trade 

3/ 
name  Bayleton—  WP50  (50-percent  wettable 

powder),  was  prepared  by  mixing  6  g  with  6.3  ml 
of  Agri-Dex  sticker  in  1  gal  of  water.   Hand- 
pumped  backpack  sprayers  were  used  to  apply  the 
suspension  in  the  first  and  second  years,  and  a 
high-volume  power  sprayer  was  used  in  the  third 
and  fourth  years.   During  the  first  year, 
fungicide  was  applied  to  the  seedlings  the  day 
before  planting  and  then  four  more  times  at 
0.05  lb/acre  at  intervals  of  about  2  weeks. 
There  were  5  sprayings  at  0.2  lb/acre  the 
second  year,  4  at  1.9  lb/acre  the  third  year, 


and  3  at  1.0  lb/acre  the  fourth  year.   During 
the  first  3  years,  each  spraying  applied  enouj  i 
of  the  suspension  to  wet  the  entire  crown.   Ii 
the  fourth  year,  each  spraying  wetted  only  tht 
growing  tips.   The  sprayings  began  in  the  firs: 
week  of  April  and  ended  in  the  third  week  of 
May,  thus  spanning  the  period  when  basidiospor; 
dissemination  usually  occurs. 

Measurements  and  Analysis 

All  measurements  were  made  on  the  48  trees 
rows  of  8)  at  the  center  of  each  plot.         ' 

Tree  survival  was  observed  and  total  heigh 
measured  to  the  nearest  0.1  foot  at  the  end  of 
each  growing  season;  d.b.h.  of  trees  >4.5  feet 
tall  was  measured  to  the  nearest  0.1  inch  afte 
the  third  and  fourth  growing  seasons.  For  com 
parisons  between  treatments,  the  quadratic  mea 
d.b.h.  (d.b.h.  of  the  tree  of  mean  basal  area)  i  ___ 
calculated.  Stemwood  volumes  were  obtained  by 
slash  pine  formula  of  Schmltt  and  Bower  (1970) 
Fusiform  rust  galls  for  each  year  were  observe 
March,  15  months  after  the  end  of  the  year  of 
infection. 

Analysis  of  variance  employed  a  factorial 
model.   When  the  fungicide  x  culture  interacti  t*  — ■ 
was  significant  at  the  0.05  level,  differences 
between  culture  means  within  a  fungicide  level 
were  tested  by  Duncan's  new  multiple  range  tes  . 
When  the  interaction  was  not  significant,  the  = 
effect  of  culture,  with  3  degrees  of  freedom   *  — " 
(d.f.),  was  tested  by  Duncan's  test,  and  the  mi 
effect  of  fungicide,  with  1  d.f.,  was  tested  b; 
the  error  mean  square,  with  14  d.f.   Throughou 
this  paper,  treatment  means,  main  effects,  and 
their  differences  are  reported  only  if  these  df 
ferences  are  significant. 

RESULTS 

Survival  and  Growth  | „  , 


3/ 

—  Bayleton  is  a  registered  trademark  of 

Farbenf abriken  Bayer  GmbH,  Leverkusen.   The  use 

of  trade,  firm,  or  corporation  names  in  this 

publication  is  for  the  information  and 

convenience  of  the  reader.   Such  use  does  not 

constitute  an  official  endorsement  or  approval  by 

the  USDA  of  any  product  or  service  to  the 

exclusion  of  others  that  may  be  suitable. 

This  publication  reports  research  involving 

pesticides.   All  uses  of  pesticides  must  be 

registered  by  appropriate  State  and  Federal 

agencies  before  they  can  be  recommended.   Use 

pesticides  only  when  needed  and  handle  them  with 

care.   If  pesticides  are  handled,  applied,  or 

disposed  of  improperly,  they  may  Injure  humans, 

domestic  animals,  desirable  plants,  pollinating 

insects,  fish,  or  other  wildlife,  and  may 

contaminate  water  supplies.   Follow  the 

directions  and  heed  all  precautions  on  the 

container  label. 


After  4  years,  survival  was  91  percent  in  tl  s 
check  and  averaged  95  percent  in  the  other  cull  i 
levels  (table  1).   It  averaged  91  percent  in 
unprotected  and  97  percent  in  protected  treat- 
ments.  The  fungicide  x  culture  interaction  was 
not  significant. 

Mean  height  at  age  4  was  5.5  feet  in  the 
check,  was  nearly  doubled  by  W,  was  more  than 
doubled  by  WBF,  but  was  not  affected  by  WBF  or 
fungicide  (table  2).   Fourth-year  height  growtl 
surviving  trees  >4.5  feet  tall  increased  with  I 
and  again  with  WBF;  it  also  was  increased  by 
fungicide  (table  3).   In  the  check,  79  percent 
surviving  trees  were  >4.5  feet  tall;  in  all  otf 
culture  levels,  99  percent  were  >4.5  feet  tall. 
Seedling  height  responded  strongly  to  W  and  ag? 
to  WBF  in  each  of  the  4  years  (fig.  1).   Throuj 
the  first  4  years,  the  gain  over  C  due  to  W  was 
still  Increasing,  but  the  advantage  of  WBF  ovei 
and  WB  was  decreasing,  the  reward  for  fertilize 
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2ing  greatest  in  the  third  year.   This  suggests 
lat  a  second  application  of  fertilizer,  in  the 
Lxth  or  seventh  year,  might  be  worthwhile. 

ible  1. — Survival  after  4  years  by  culture  and 
fungicide  leveli' 


Culture  level 

:  Weeding, 

ingi-: 

:  bedding. 

:Fungi- 

:ide  : 

Weeding, 

ferti- 

: clde 

;vel  : 

Check 

Weeding 

bedding 

lizing 

:  mean 

To 


Percent  of    planted  trees- 

86               95                   92  0 

:s              95              97                  99  6 
ilture 


91  a 

97  b 


91  a 


96  b 


96  b 


93  ab 


Means  followed  by  the  same  letter  within  a  row 
■  column  are  not  significantly  different  at  the 
05  level. 

'ible  2. — Mean  height  after  4  years  by  culture 
and  fungicide  leveli.' 


Culture  level            : 

Weeding, 

:.ngi- 

bedding, 

:Fungi- 

cde 

Weeding, : 

ferti- 

:cide 

vel 

Check 

Weeding 

bedding  : 

lizing 

:mean 

0 

5.7 

9.7 

10.0 

13.5 

9.7  a 

":S 

5.3 

10.6 

10.4 

12.8 

9.8  a 

Ulturt 

lean 
1 

5.5  i 

1  10.2  b 

10.2  b 

13.2  c 

;i  Means  followed  by  the  same  letter  within  a  row 
i\   column  are  not  significantly  different  at  the 
(05  level. 

'ible  3. — Mean  fourth-year  height  growth  of 
,  surviving  trees  >4.5  feet  tall  by  culture  and 
fungicide  levelii' 


WBF 


0  12  3  4 

YEARS   FROM    SEED   GERMINATION 

Figure   1. — Average    tree  height   by  year   in  check, 
weeded,    weeded-bedded,    and   weeded-bedded- 
fertilized    treatments 

The   quadratic   mean   d.b.h.    at    age   4   was   0.7 
inch   in  C,    1.8    inches    in  W  and  WB,    and   2.6   inches 
in  WBF    (table   4).      It   was    not   affected   by 
fungicide,    and   the    Interaction  was   not    significant 
Fourth-year   growth    in   d.b.h.    was 
0.7    inch    in  C   and    1.1    inches    In   cultivated    (W, 
WB,    and  WBF)    plots    (table    5). 

Table   4. — Quadratic   mean   d.b.h.    of   surviving 
trees   >4.5    feet   tall  at   age  4  by  culture  and 
fungicide   level!.' 


1 

Fungi- 

Culture level           : 

Culture  level 

■  Weeding, 
bedding. 

Weeding, 

:Fungl- 

ng- 

bedding. 

:Fungi- 

cide 

Weeding, 

ferti- 

:clde 

'ide 

Check 

Weeding 

Weeding, 
bedding 

ferti- 
lizing 

:cide 
:mean 

level 

Check 

Weeding 

bedding 

lizing 

:mean 

vel 

m~»^-m^.^mm^,^^ 

1.69      1.83 

2.65 

— — Feet-  -  - 

No    0.70 

1.71  a 

2.4 

4.0      3.9 

4.5 

3.7  a 

Yes     .65 

1.94      1.87 

2.50 

1.74  a 

,es 

2.4 

4.5      4.3 

4.7 

4.0  b 

Cultui 

■e 

dlture 
lean    2.4  a  4.2  b 


.67  a  1.81  b 


1.85  b   2.57  c 


4.1  b 


4.6  c 


J  Means  followed  by  the  same  letter  within  a  row 
C'  column  are  not  significantly  different  at  the 
(05  level. 


]J   Means  followed  by  the  same  letter  within  a  row 
or  column  are  not  significantly  different  at  the 
0.05  level. 
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Table  5. — Fourth-year  d.b.h.  growth  of  surviving 
trees  >4.5  feet  tall  by  culture  and  fungicide 
leveli/ 


Table  7. — Stem  infection  of  fusiform  rust  In 
slash  pine  plantations  in  the  first  year  by 
culture  and  fungicide  leveli.' 


Fungi- 
cide 
level 


Culture  level 


Check 


Weeding 


: Weeding, : 
: bedding, : Fungi- 
Weeding,  iferti-   :cide 
bedding   :lizing   :raean 


No    0.68 

1.03 

1.09 

1.09   0.97  a 

Yes     .65 

1.16 

1.16 

1.19   1.04  a 

Culture 

mean   .66 

a 

1.10 

b 

1.12  b 

1.14  b 

i.'  Means  followed  by  the  same  letter  within  a 
row  or  column  are  not  significantly  different 
at  the  0.05  level. 

Stemwood  volume  in  trees  >4.5  feet  tall  was 
20  ft-^/acre  in  C,  and  was  increased  fivefold  by 
W  and  tenfold  by  WBF  (table  6). 

Table  6. — Total  stemwood  volume  per  acre  at  age  4 
in  trees  >4.5  feet  tall  by  culture  and 
fungicide  leveli.' 


Culture  level 


:  Weeding,: 
:  bedding, : Fungi- 
Weeding,:  fertl-   :cide 
bedding  :  lizing   :mean 


No 


Yes 


21 


20 


Cubic  feetj./- 

83       103 


Culture 
mean    20  a 


107 


95  b 


98 


101  b 


208 


177 


193  c 


104  a 


101  a 


±J   Means  followed  by  the  same  letter  within  a  row 
or  column  are  not  significantly  different  at  the 
0.05  level. 

_'  Inside  bark,  including  leader,  computed  as  V  = 
0.02408d2h.   This  equation  was  calculated  for 
slash  pine  by  Schmitt  and  Bower  (1970). 

Fusiform  Rust 

Most  of  the  stem  infections  occurred  in  the 
first  year.   Only  15  percent  of  these  first-year 
stem  galls  were  from  Infections  that  originated 
in  branches  and  then  grew  into  the  stem.   Trees 
protected  with  fungicide  developed  signifi- 
cantly fewer  stem  galls  than  unprotected  trees: 
1.6  percent  versus  27  percent  (table  7).   The 
interaction  was  not  significant.   Rust  inci- 
dence was  not  affected  by  culture  in  the  first 
year. 


Culture  level            : 

:  Weeding, 

Fungi- 

: bedding. 

:  Funj  L 

cide 

Weeding, 

ferti- 

:cid« 

level 

Check 

Weeding 

bedding 

:  lizing 

:mear 

Percent  of  planted  trees 

No     23.6    26.4      34.7      23.6   27.1 
Yes      0.7     1.4       1.4       2.8    1.6 


Culture 
mean   12.2  a  13.9  a 


18.1  a 


13.2  a 


i.'  Means  followed  by  the  same  letter  within  a  r 
or  column  are  not  significantly  different  at  th 
0.05  level. 


Rust-associated  mortality  through  age  4 
showed  a  significant  fungicide  x  culture 
interaction:  in  protected  plots,  the  percentage, 
of  trees  dead  and  stem-galled  was  practically 
zero  and  was  not  affected  by  culture;  in 
unprotected  treatments,  nearly  10  percent  of  th 
trees  in  check  and  about  5  percent  of  those  in 
all  other  culture  levels  were  dead  with  stem 
galls  (table  8). 

Table  8. — Rust-associated  mortality  (dead  trees 
with  stem  infections)  through  the  first  4 
years  by  culture  and  fungicide  leveli' 


Culture  level 


Fungi-: 

cide 

level 


Check:  Weeding: 


:  Weeding, : 

:  bedding, : Fungi 

Weeding,:  ferti-   :cide 

bedding  :  lizing   :mean 


Percent  of  planted  trees 

No     9.7  b   4.2  a     6.9  ab   4.9  a 

Yes     0   a   0.7  a     0   a    0   a 

Culture 
mean   -       -         -        - 

]J   Means  followed  by  the  same  letter  within  a  re ' 
or  column  are  not  significantly  different  at  the 
0.05  level.   The  fungicide  x  culture  interaction 
is  significant. 


After  4  years,  about  93  percent  of  the  trees 
planted  in  fungicide-protected  plots  were  alive 
and  had  no  stem  infections  (table  9).   Among 
unprotected  trees,  76  percent  of  those  in  the 
check  and  only  54  percent  in  the  other  culture 
levels  were  alive  and  free  of  stem  galls. 
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able  9. — Trees  living  and  free  of  stem  infec- 
tion after  4  years  by  culture  and  fungicide 
leveli/ 


Culture  level 


:Weeding, : 

: bedding, : Fungi- 
Weeding,:  ferti-  :  cide 
bedding  :lizing   :  mean 


Percent  of  planted  trees 

No   75.7  a  56.9  b    52.8  b    51.4  b 


95.1  a  92.4  a 


93.7  a 


89.6  a 


(Iture 
ean 


Means  followed  by  the  same  letter  within  a 
w  or  column  are  not  significantly  different 

the  0.05  level.   The  fungicide  x  culture 
teraction  is  significant. 


Forty-three  percent  of  the  trees  in  unpro- 
cted  check  plots  were  alive  and  had  one  or 
re  fusiform  rust  infections  in  either  stem  or 
l|anch,  compared  to  70  percent  in  other  culture 
livels  (table  10).   In  protected  treatments, 
Iss  than  1  percent  of  the  trees  in  check  plots 
re  infected,  while  18  percent  of  the  trees  in 
and  WB  plots  and  27  percent  of  those  in  WBF 
fots  were  infected. 


Tble  10. — Living  trees  infected  in  stem  or 
branch  after  4  years  by  culture  and  fungicide 
leveli/ 


Culture  level 


Fagi-: 
ide  : 


:Weeding, : 
:bedding, :Fungl- 
Weeding,:  ferti-  :  cide 


1/el  ;  Check;  Weeding:  bedding  :lizlng   :  mean 


•Percent  of  planted  trees- 
lo   43.0  a  72.2  b    68.0  b    69.4  b 


0.7 


17.4  b 


18.7  b 


27.1  c 


CKture 
ean 


L'Means  followed  by  the  same  letter  within  a 
r|  or  column  are  not  significantly  different 
a  the  0.05  level.   The  fungicide  x  culture 
ieractlon  is  significant. 


DISCUSSION 

The  fungicide  x  culture  interaction  was 
at  significant  In  any  of  the  analyses  of  sur- 
v:al  or  growth. 


The  fact  that  fertilizer  significantly 
Increased  mean  tree  height  in  the  first  growing 
season  attests  to  the  thoroughness  of  the 
weeding. 

Bedding  had  no  effect,  other  than  as  a 
method  of  disking,  on  survival  or  growth. 
Although  the  slope  of  the  land  was  very  slight, 
water  did  not  remain  ponded  on  the  surface; 
hence,  drainage  apparently  was  of  no  value. 
Bedding  also  had  no  effect  on  first-year  stem 
infection,  on  rust-associated  mortality  through 
the  first  4  years,  or  on  percentage  of  infected 
trees  at  age  4. 

In  the  cultivated  (W,  WB,  and  WBF)  plots 
after  4  years,  all  the  pines  were  in  the  2-inch 
d.b.h.  class  and  larger,  the  period  of  highest 
mortality  was  past,  the  risk  of  regeneration 
failure  could  be  discounted,  and  expected 
losses  from  fusiform  rust  could  be  assessed. 

The  WBF  plots  with  fungicide  protection 
were  far  along  toward  becoming  stands  of 
sawtimber  nearly  free  of  stem  galls.   The  100 
tallest  trees  per  acre  in  the  WBF  treatment 
averaged  16  feet  tall,  and  90  percent  of  the 
protected  trees  had  no  stem  infections.   They 
had  formed  bark  over  a  16-foot  butt  log. 
[Table  1  of  Mesavage  and  Glrard  (1946)  indica- 
tes that  58  percent  of  the  board-foot  volume  of 
a  2-log  tree  is  in  the  first  16-foot  log.] 

In  the  W  and  WB  plots,  the  100  tallest 
trees  per  acre  averaged  12.8  feet  tall.   They 
are  virtually  assured  of  12-foot  butt  logs,  and 
where  protected  by  fungicide,  93  percent  of 
them  will  be  free  of  stem  galls.   However,  if 
the  landowner  in  this  case  were  prepared  to  do 
thorough,  repeated  weeding,  he  may  as  well 
apply  fertilizer  also,  if  the  soil  is  one  on 
which  a  strong  response  to  fertilizer  can  be 
expected.   Weeding  is  expensive,  and  fer- 
tilizing Is  cheap.   If  fungicide  protection  is 
not  employed,  weeding  probably  will  increase 
incidence  of  stem  rust,  but  fertilizer  probably 
will  not  increase  it  further. 

Through  the  first  3  years,  the  amount  of 
fungicide  required  for  each  spraying  Increased 
as  the  trees  grew  larger.   At  the  beginning  of 
the  third  year,  the  trees  in  all  treatments 
except  C  were  three  times  as  tall  as  they  were 
at  the  beginning  of  the  second  year.   The 
amount  of  fungicide  sprayed  in  the  third  year 
was  substantial  and  may  appear  excessive 
because  only  1.4  percent  of  the  unprotected 
trees  incurred  stem  infections  in  the  third 
year.   However,  the  potential  for  infection  was 
high;  35  percent  of  the  unprotected  trees  in 
the  W,  WB,  and  WBF  treatments  had  branch  infec- 
tions In  third-year  tissue,  compared  to  5.8 
percent  of  the  protected  trees.   Many  of  these 
third-year  branch  infections  will  grow  Into  the 
stem. 
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Landowners  accustomed  to  planting  400  to 
500  trees  per  acre  may  regard  the  908  per  acre 
(6x8  foot  spacing)  in  these  plantations  as 
excessive.   However,  in  localities  where  fusi- 
form rust  incidence  is  frequently  high — and 
when  the  soil  is  stirred,  bedded,  and  ditched — 
and  followup  understory  control  is  planned, 
increased  rust  incidence  must  be  expected. 
Moderately  dense  Initial  stands  are  desirable 
because  many  stems  will  be  lost  to  disease  if 
fungicidal  chemicals  are  not  employed. 
Infections  in  dense  stands  tend  to  form  branch 
galls,  rather  than  stem  galls;  the  Infected 
branches  die  very  early;  and  the  branch  galls 
die  before  the  fungus  reaches  the  stems 
(Czabator  1971).   If  an  effective  systemic 
fungicide  is  used,  and  if  thorough  weeding  is 
planned,  the  initial  spacing  may  be  widened  to 
7  x  10  or  8  x  10  feet  (622  to  544  trees  per 
acre) . 


baceous  understory,  even  if  no  further  weeding 
is  done.   Trees  in  the  WBF  plots  are  large 
enough  to  withstand  a  low-intensity  prescribed 
burn.   Although  this  study  does  not  include 
burning,  most  landowners  probably  would  burn. 
In  the  protected  plots,  the  abundance  of  large 
trees  free  of  stem  galls  makes  these  stands 
very  attractive  to  manage  for  sawtimber. 
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SOIL  COMPACTION  FROM  TRACKED  AND  RUBBER-TIRED  TRACTORS 

AND  ITS  INFLUENCE  ON  SEEDLING  SURVIVAL  AND  GROWTH^'' 

R.  E.  Kreh,  J.  A.  Burger,  and  J.  L.  Torbert- 


Abstract.— The  effect  of  multiple  passes  of  tracked  and 
rubber-tired  harvesting  and  site  preparation  equipment,  op- 
erating under  known  soil  moisture  conditions,  on  tree  survi- 
val and  growth  after  two  growing  seasons  was  evaluated.   A 
skidder  and  crawler  compacted  the  soil  to  the  same  extent 
despite  differences  in  contact  pressure.   The  number  of 
passes  over  the  same  area  did  not  affect  survival,  but  volume 
was  reduced  by  34%  after  one  pass  and  54%  after  nine  passes. 
Higher  soil  moisture  resulted  in  higher  compaction,  but  growth 
was  not  significantly  affected. 


INTRODDCTION 

Harvesting  and  site  preparation  are 
prations  that  can  adversely  affect  soil 
ticture,  density,  and  porosity  and  subsequent 
eorestation  success.  The  diversity  of 
qipment,  soil  types,  and  the  dynamic  nature  of 
ols,  especially  soil  water  movement,  can 
eilt  in  a  variety  of  soil  and  tree  growth 
esonses  to  soil  compaction.  Forest  soils  with 
lallow  litter  layer,  low  amount  of  organic 
i;er  in  the  mineral  soil,  and  a  moisture 
3;ent  around  field  capacity  are  most 
j:eptible  to  compactive  forces.  The  result  of 
33  force  can  be  substantial  even  after  one 
D  over  an  area.  Foil  and  Ralston  (1967), 
L:hell  (1979)  and  Lockaby  and  Vidrine  (1984) 
B)rted  reductions  in  loblolly  pine  growth  as 
3)action  levels  increased.  A  critical  bulk 
23ity  of  1.49  g/cm  was  identified  by  Foil  and 
iston  (1967)  above  which  growth  was  reduced. 
Li  et  al.  (19.80)  showed  that  bulk  densities 
>/e  1.2  g/cm  in  a  silt  loam  soil  greatly 
B:ricted  depth  of  root  penetration  of  Austrian 
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The  increase  in  bulk  density  from 
compactive  forces  is  mainly  a  result  of 
collapsing  large  pore  spaces.  As  the  percentage 
of  pores  greater  than  0.002  in  in  diameter 
(aeration  porosity)  is  reduced,  water  and  gas 
movement  are  slowed.  Chancellor  (1977)  found 
that^a  bulk  density  increase  from  1.2  to  1.5 
g/cm  caused  a  40-fold  decrease  in  infiltation 
rate.  Once  absorbed,  water  is  held  at  higher 
tensions  in  compacted  soils  with  small  pores 
causing  trees  to  experience  stress  at  an  earlier 
point . 

The  objective  of  this  study  was  to 
determine  the  effect  of  multiple  passes  of 
tracked  and  rubber-tired  harvesting  and  site 
preparation  equipment,  operating  under  known 
soil  moisture  conditions,  on  tree  survival  and 
growth  after  two  growing  seasons. 

SITE  DESCRIPTION 

A  3.5  acre  forested  area  located  on  the 
Reynolds  Homestead  Research  Center  in  Patrick 
County,  Virginia,  was  clearcut  and  used  for  the 
study.  The  30-year-old  forest  stand  consisted 
of  95%  Virginia  pine  (  Pinus  virginiana  Mill.), 
with  mixed  hardwood  species  making  up  the 
remainder.  Stocking  was  949  trees/acre  with  an 
average  DBH  of  5.3  in  for  a  basal  area  of  110  ft^ 
/acre.  The  forest  floor  (01  and  02  horizons) 
was  measured  at  169  randomly  selected  sampling 
points.  The  average  depth  and  dry  weight  were 
1.30  in  and  0.67  Ib/ft^,  respectively. 

The  predominant  soil  series  was  Cecil  which 
is  a  member  of  the  clayey,  kaolinitic,  thermic, 
Typic  Hapludult  family.  Associated  soil  series 
in  the  area  are  Rayesville,   Hiwassee,   and 
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Madison.   The  soil  textural  class  is   a  sandy 
clay  loam  with  a  moderately  eroded  surface. 


A  590  X  360  ft  rectangular  study  area  was 
surveyed.  Three  vehicle  corridors  were  located 
on  either  side  and  bisected  the  plot  through  its 
longest  dimension.  The  corridors  provided 
harvesting  and  study-area  access  to  the  two  590 
X  100  ft  subplots.  All  trees  with  a  breast 
height  greater  than  1  inch  were  felled.  All 
above  ground  vegetation  was  then  remotely 
skidded  or  hand  carried  from  the  plots  to  avoid 
soil  compaction  from  harvesting  equipment. 

METHODS  AND  MATERIALS 

Seedling  survival  and  growth  as  affected  by 
two  machine  types  (rubber-tired  skidder  and 
crawler)  making  multiple  passes  (0,  1,  3,  and  9 
passes)  on  soil  adjusted  to  two  soil  moisture 
contents  (18  and  21%  by  weight),  were  evaluated. 
The  two  590  x  100  ft  main  plots  were  irrigated 
with  8016  and  12,042  ft^of  water  pumped  from  a 
nearby  stream  to  raise  the  moisture  content  of 
the  surface  soil  from  an  average  of  12%  by 
weight  to  18%  and  21%,  respectively.  The 
irrigation  water,  added  over  a  24-hour  period, 
simulated  rainfalls  of  0.9  and  1.3  in. 

A  John  Deere  model  540B  log  skidder  and  a 
Komatsu  model  D53A  crawler  with  gravitational 
loads  of  16,814  and  32,767  lb,  respectively, 
were  used.  The  skidder  was  fitted  with  23.1  - 
26  tires  inflated  at  20  psi.  The  mean  ground 
pressures  for  the  skidder  and  crawler  were  33.3 
and  8.7  psi,  respectively.  Each  machine,  driven 
unloaded  at  a  constant  speed  of  2  mi/h,  was  used 
to  make  tracks  consisting  of  0,  1,  3,  or  9 
consecutive  passes  with  0  passes  serving  as  the 
control.  Tracks  formed  by  vehicle  traffic  were 
100  ft  long  with  an  8.2  ft  spacing  between 
tracks . 

The  experimental  design  was  a  split-split 
plot.  The  machine-type  times  number-of-passes 
combinations  were  subplots  within  moisture  main 
plots.  The  experiment  was  replicated  three 
times.  The  experimental  unit  for  soil 
properties  consisted  of  an  average  value  of 
three  soil  samples  taken  systematically  at  20  ft 
intervals  from  one  of  the  two  100  ft  tracks 
formed  by  the  passage  of  the  machines.  At  each 
sampling  location,  a  core  sampler  was  used  to 
obtain  an  8.4in3  undisturbed  soil  core  from  the 
soil  surface. 

In  the  laboratory,  a  tension  table  was  used 
to  determine  noncapillary  porosity  by  evacuating 
soil  macropores.  A  19.7  inch  water  column  was 
used  to  create  the  tension.  Bulk  density  was 
determined  by  drying  the  soil  samples  to  a 
constant  weight  in  a  105  C  oven. 

Nursery  run  loblolly  pine,  were  planted  in 
the  spring,  6  mo  after  the  soil  compaction 
occuried.  One  track  of  each  soil  treatment 
combination  was  hand  planted  and   its  companion 


track  was  machine  planted  (foot  type  wiHjj 
planter)  on  a  5  ft  spacing  within  rj, 
Survival  and  tree  height  and  diameter  -vui 
were  based  on  approximately  20  trees  plantedjj 
vehicle  track  (experimental  unit). 

RESULTS 

As  bulk  density  is  increased  and  aer  : 
porosity  decreased,  tree  volume  is  decre  : 
The  relationship  between  these  soil  prope  i. 
and  tree  volume,  as  measured  on  this  study  i( 
after  two  growing  seasons,  is  depicted  in  F  ji 
1.  Although  highly  variable  due  to  heterogii; 
field  conditions,  functional  relationship  ( 
significant. 
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Figure  1. — Relationship  between  tree  volume 
index  and  soil  bulk  density  and  porosity. 


The  two  machines   (skidder  and  craw  f 
compacted  the  soil  to  the  same  extent  des  i 
differences  in  contact  pressure  (Table  1). 
interactions  between  machine  type  and  numbe:  , 
passes  occurred.   Both  the  skidder  and  crailf*' 
had  the  same  effect  on  bulk  density  and  aeral  i'  * 
porosity  at  all  moisture  and  pass  levels. 

The  number  of  passes  significantly  af  fee :  '■ 
soil  density  and  aeration  porosity  (Table 
After  nine  passes  there  was  a  13*   increase 
bulk  density  and  a  37%  decrease  in  aerat 
porosity.   The  number  of  passes  did  not  aff 
survival,  but  volume  index  was  reduced  by  ' 
after  one  pass  and  54%  after  nine  passes. 
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Table  1. — Effect  of  Machine  Type,  number  of  passes,  moisture  level  and  planting  method  on 
surface  soil  bulk  density,  aeration  porosity  and  second  year  survival  and  growth  of 
loblolly  pine  on  a  clearcut  forest  site. 


Soil 


Tree 


Treatment 

Bulk 

Aeration 

Density 

Porosity 

(g/cm^) 

(%) 

Machine  Type 

Skidder 

1.37  a* 

19  a 

Crawler 

1.36  a 

19  a 

Number  of  Passes 

0 

1.27  a 

24  a 

1 

1.35  b 

20  b 

3 

1.42  b  c 

16  c 

9 

1.43  c 

15  c 

Moisture  Level 

18% 

1.35  a 

20  a 

21% 

1.38  b 

17  b 

Planting  Method 

Hand 

NA 

NA 

Machine 

NA 

NA 

Survival 


(%) 


50 

a 

52 

a 

50 

a 

54 

a 

48 

a 

52 

a 

48 

a 

54 

b 

58 

a 

44 

b 

Volume 

Index 

(cu 

in) 

12 

7 

a 

11 

9 

a 

18 

3 

a 

12 

5 

b 

9 

9 

b 

8 

4 

b 

11 

1 

a 

13 

5 

b 

13 

7 

a 

10 

9 

b 

*  Values  followed  by  different  letters  in  any  column  are  different  at  the  0.05  level. 


The  higher  moisture  level  (21%)  at  time  of 
paction  resulted  in  a  greater  increase  in 
k  density  and  decrease  in  aeration  porosity 
ijn  the  lower  moisture  level  (18%).  However, 
ijvival  and  volume  index  were  greater  on  plots 
{pacted  at  the  higher  moisture  level.  The 
ije  that  was  irrigated  to  the  higher  moisture 
eiel  is  slightly  downslope  from  the  drier  site 
l!  may  have  provided  better  growing  conditions. 

j 

"  Hand  planted  seedlings  had  25  per  cent 

iher  survival  and  26  per  cent  more  volume  than 

lihine  planted  trees.   (Table  1). 

I 

DISCUSSION 

The  surface  soil  on  this  Piedmont  site  was 
tJeady  relatively  dense  (1.27  g/cm3)  before  any 
latments  were  imposed.  One  pass  significantly 
tuced  tree  volume  and  three  passes  raised 
tface  soil  bulk  density  above  1.4  g/cm^,  a 
'ifie  that  greatly  reduced  root  and  top  growth 
ifjAustrian  pine  (Zisa  et  al.  1980)  growing  in 
ids  of  similar  texture.  Surface-soil  aeration 
icosity  was  at  a  reasonable  level  (24%)  before 
;iatment8  were  applied,  but  by  the  ninth  pass 
t  had  been  reduced  to  15%  which  greatly 
rejtricts  water  infiltration  and  gas  exchange. 

1  If  only  one  pass  by  either  type  of  machine 
■eults  in  a  32%  reduction  in  tree  volume,  large 
eictions  on  a  stand  basis  could  result  if  a 
a;;e  enough  area  is  covered.  Equipment  that  is 
a^:,  maneuverable,  capable  of  operating  on  wet 
oil  and  steep  slopes  will  tend  to  cover  more 
»l  area.  Coverage  also  tends  to  increase  as 
h  slope  percent  decreases.    Estimates  range 


from  10  to  50  percent  coverage  by  at  least  one 
pass  of  harvesting  equipment.  (Hatchell  et  al. 
1970,  Campbell  et  al.  1973,  Froehlich  1976  and 
Switzer  et  al.,  1979). 

Site  preparation  operations  can  also 
contribute  to  the  area  compacted.  Shearing, 
raking,  and  chopping  require  machinery  to  pass 
over  a  large  portion  of  a  site  at  least  once. 

The  effect  of  soil  moisture  level  at  the 
time  treatments  were  applied  was  not  detected 
because  differences  in  site  quality  confounded 
the  responses.  In  addition,  the  irrigation  did 
not  achieve  the  range  in  soil  moisture  that  was 
intended.  However,  the  3%  difference  was  enough 
to  cause  significantly  higher  compaction  and 
reduction  in  aeration  porosity,  thus  showing  the 
importance  of  soil  moisture  content. 

Extensive  traffic  on  inherently  dense  soils, 
common  on  the  eroded  Piedmont  Plateau,  could 
reduce  yields.  Consequences  of  soil  compaction 
at  the  end  of  the  rotation  are  not  well 
documented.  In  one  study  Perry  (1964)  showed 
that  the  growth  of  26-year-old  loblolly  pine 
growing  on  compacted  soils  was  reduced  by  52%. 
If  the  32%  reduction  in  volume  persists  over  a 
pulpwood  rotation,  a  potential  yield  of  30 
cords/acre  would  be  cut  by  10  cords. 

CONCLUSIONS 

Despite  the  greater  contact  pressure  of  the 
skidder,  changes  in  soil  density  and 
aeration  porosity  caused  by  the  machines 
were  the  same . 
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Soil  density  inceased  and  aeration  porosity 
decreased  after  only  one  pass  and  changed 
at  a  decreasing  rate  with  successive 
passes. 

Soil  compaction  had  no  significant  effect  on 
survival  of  planted  seedlings. 

Bulk  density  and  aeration  porosity  both 
significantly  affected  tree  growth  at  age 
two.  However,  aeration  porosity  appears  to 
have  the  greater  effect. 

Higher  bulk  density  and  lower  aeration  porosity 
occurred  at  the  higher  level  of  soil 
moisture;  however,  the  changes  resulting 
from  only  a  3Z  difference  in  soil  moisture 
did  not  affect  tree  growth. 

Hand  planted  seedlings  survived  and  grew  better 
than  machine  planted  seedlings.  Therefore, 
there  is  no  evidence  to  suggest  that  the 
machine  planter  benefits  seedlings  by 
shattering  compacted  soils. 
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GEOMORPHIC  FACTORS  ASSOCIATED  WITH  QUALITY  OF 


YELLOW-POPLAR  SITES  IN  THE  SOUTHERN  APPALACHIAN S-*^ 

2/ 
W.  Henry  McNab^' 


1/ 


Abstract. — This  study  determined  the  relationship  of 
yellow-poplar  site  index  to  topographic  variables  as  a 
prerequisite  to  the  development  of  a  landform  classifica- 
tion system  for  the  Southern  Appalachians.   Data  from  140 
permanent  plots  from  northeast  Georgia  to  central  Virginia 
were  used.   Stand  age  and  three  topographic  variables — 
landform  surface  shape,  slope  aspect,  and  slope  gradient — 
were  significantly  related  to  yellow-poplar  tree  height  at 
age  50  and  accounted  for  70  percent  of  the  variation.   After 
accounting  for  age,  yellow-poplar  height  was  most  responsive 
to  plot  surface  shape,  which  resulted  in  up  to  a  20  point 
change  in  site  index. 


INTRODUCTION 

Site  index  is  probably  the  most  widely  used 
best  measure  of  forest  site  productivity. 
e  suitable  sample  trees  are  not  available, 
index  must  be  estimated  by  using  soil-site 
2itionships.   Previous  soil-site  studies  of 
2;  ow-poplar  (Liriodendron  tulipifera  L.)  have 
Wm  that  much  of  the  variation  in  height  growth 
a  be  explained  by  soil  and  topographic  variables 
ti;  are  related  to  the  soil  moisture  regime 
uing  the  growing  season  (Auten  1945,  Tryon  et  al. 
9J,  Della-Bianca  and  Olson  1961,  Phillips  1966). 
D,  the  Blue  Ridge  Mountains  of  Georgia,  Ike  and 
amch  (1968)  reported  that  71  percent  of 
a.ation  in  total  height  of  yellow-poplar  at  50 
2:s  was  explained  by  soil  series  and  topographi- 
3  variables  including  elevation,  slope  position, 
1  exposure  of  the  site. 

i  Geometric  shape  of  the  land  surface  is  a 
jographic  variable  that  accounts  for  concentra- 
Ll  or  dilution  of  surface  water  and  nutrients, 
iij which  has  seldom  been  included  in  yellow-poplar 
3i|.  site  studies.   Surface  shape  was  included  in 
1:  study  of  yellow-poplar  site  index  in  the  gently 
sling  topography  of  southeastern  Ohio,  but  was 


not  found  to  be  significant  (Munn  and  Vimmerstedt 
1980) .   Of  all  the  topographic  variables  usually 
included  in  site  index  studies,  landform  shape 
has  received  least  attention. 

Site  index  estimates  for  yellow-poplar  based 
only  on  topographic  variables  seem  to  be  feasible 
in  the  Appalachian  Mountains  because  many  soil 
characteristics  are  closely  related  to  topography. 
For  example,  depth  of  the  soil  Al  horizon  may  be 
correlated  with  slope  position  and  land  surface 
shape.   Suitable  equations  applicable  over  a  wide 
geographic  area  would  be  beneficial  for  broadly 
evaluating  site  productivity  by  remote  sensing 
and  for  cutover  areas  which  lack  adequate  site 
trees.   Also,  recent  interest  in  land  classifica- 
tion based  on  ecological  principles  (Driscoll 
et  al.  1984)  increases  the  need  for  topographic 
descriptions  of  landforms  with  similar  environ- 
mental characteristics. 

The  objectives  of  the  study  were  to 
(1)  determine  methods  to  qualitatively  describe 
surface  shape  of  landforms,  and  (2)  develop  the 
relationship  between  topographic  variables  and 
site  productivity  for  yellow-poplar  in  the 
Southern  Appalachian  Mountains. 


1/  Paper  presented  at  Third  Biennial  Southern 
i'/icultural  Research  Conference,  Atlanta,  GA, 
>^mber  7-8,  1984. 

i 

21   Research  Forester,  USDA  Forest  Service, 
aiheastern  Forest  Experiment  Station,  Asheville, 

C 


METHODS 

Field  Plots 

Long-term  growth  and  yield  plots  for 
yellow-poplar  (Beck  and  Della-Bianca  1972)  were 
used  in  this  study.   Plots  had  been  installed 
throughout  the  Southern  Appalachian  Mountains 
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from  north  Georgia  to  central  Virginia  in 
even-aged  yellow-poplar  stands  that  showed  no 
evidence  of  recent  disturbance  (fig.  1) .   A  wide 
range  of  environmental  conditions  is  represented 
where  yellow-poplar  may  form  almost  pure  stands. 
Site  index  curves  developed  by  Beck  (1962)  were 
used  as  a  measure  of  productivity  of  each  plot. 


MILES 
0     100 
I  I  I  ■  '  ■  '  ■ 


200 
J 


Figure  1. — Location  of  sample  plots  in  yellow- 
poplar  stands  in  the  Southern  Appalachian 
Mountains . 

Topographic  variables  measured  on  each  plot 
during  the  winter  and  spring  of  1984  were: 

(1)  Aspect  (azimuth  from  north  in  degrees) 

(2)  Gradient  (slope  steepness  in  direction 
of  aspect,  in  percent) 

(3)  Slope  position  (distance  from  ridge  to 
stream  bottom,  in  percent) 

The  surface  shape  of  each  plot  was  determined  in 
two  directions,  parallel  and  perpendicular  to  the 
aspect,  and  classified  as  convex,  linear,  or 
concave.   With  these  three  geometric  shapes,  the 
surface  configuration  of  each  plot  was  described 
by  standard,  recognizable  shapes  of  landforms 
common  to  mountainous  terrain  (fig.  2). 

Other  site  variables  were  determined  from 
USDI  Geological  Survey  topographic  quadrangle 
maps  (1:24,000  scale): 

(1)  Elevation  (nearest  20  feet) 

(2)  Latitude  and  longitude  ("'.n  degrees  and 
hundredths) 
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Figure  2. — Geometric  shapes  for  components  of  I 
mountainous  landforms. 

Annual  total  solar  radiation  for  each  plot 
was  calculated  from  aspect,  gradient,  and  latif 
tude  by  using  an  algorithm  developed  by  Swift  t 
(1976).  Mean  age  an.^  height  of  the  yellow-pop* 
stand  on  each  plot  were  obtained  from  basic  fit 
data  when  the  plots  were  originally  establishel 

A  total  of  140  1/4-acre  plots  was  measurejj 
Means  and  ranges  of  the  timber  stand  and  site  ^| 
characteristics  for  all  plots  are  shown  in 
table  1.   Site  index  ranged  from  74  to  138  andii 
covers  the  range  of  higher  quality  sites  where 
essentially  pure  stands  of  yellow-poplar  occur 
in  the  Southern  Appalachians.   Although  the  toe 
graphical  variables  indicate  a  wide  range  of 
values,  the  plots  were  originally  installed  to 
obtain  a  uniform  distribution  of  stand  ages,   | 
stockings,  and  site  indexes.   Consequently,  to;  c, 
graphical  variables  were  not  uniformly  replicai^ 
over  all  sites. 

Most  of  the  plots  were  in  the  intermediati  ' 
quality  class  which  ranged  from  site  index  100 
to  120  (fig.  3).   Soils  were  typically  in  the 
Tusquitee  series,  which  are  Umbric  Dystrochrepi ; 
that  are  deep,  well  drained,  and  formed  in 
colluvium  originating  from  granite  and  metamorj  i 
rock  including  schist  and  gneiss. 


ifte 
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le  1. — Mean  and  range  of  stand  and  site 
haracteristics  of  sampled  yellow-poplar 
lots 


Item 


Mean 


Minimum   Maximum 


s 

e  index 

107 

74 

138 

A 

(years) 

47 

17 

76 

H. 

ght  (feet) 

99 

56 

140 

Sipe  index 

0.6 

-2.0 

2.0 

A'lect  (azimuth) 

130 

1 

360 

Giidient  (%) 

30 

2 

67 

E,:vation  (feet) 

2630 

1120 

3720 

L 

.itude  (degrees) 

35.4 

34.1 

38.0 

0 


POOR 


QUALITY  CLASS 

INTER- 
MEDIATE 


GOOD 


90     100     110     120    130 
SITE   INDEX  CLASS 


140 


;ure  3. — Distribution  of  yellow-poplar  sample 
plots  by  site  index  and  quality  class. 

Data  Analysis 

Prior  to  analysis,  extensive  plotting  of 
tte  field  data  was  done  to  determine  which  topo- 
japhic  variables  showed  a  relationship  to  tree 
tight  and  if  data  transformations  were  necessary 
t  account  for  nonlinear  effects.   Plot  aspect 
ts  transformed  by  a  procedure  proposed  by  Stage 
1976)  . 

!   An  index  of  surface  shape  was  calculated  for 
'.h  plot  by  assigning  code  values  to  the  two 
rface  shape  determinations: 


Shape 


Code 


Convex 

-1 

Linear 

0 

Concave 

+1 

The  shape  index,  which  consists  of  the  algebraic 
sum  of  the  parallel  and  perpendicular  component 
codes,  can  range  from  -2  to  +2,  as  shown  in 
table  2. 

Table  2. — Shape  index  developed  from  code  values 
for  landform  surface  shape  parallel  and  perpen- 
dicular to  aspect 


Parallel 

Perpendicular 

shape 

shape 

Convex 

Linear 

Concave 

Convex 
Linear 
Concave 

-2 

-1 

0 

-1 

0 

+1 

0 
+1 

+2 

Shape  codes: 

Convex,  -1;  Linear,  0;  Concave,  +1. 

About  10  percent  of  the  field  data  (14  plots) 
were  randomly  selected  and  excluded  from  the  data 
set  to  allow  for  testing  the  preliminary  regression 
relationships.   After  testing,  the  excluded  data 
were  recombined  with  the  other  data  for  derivation 
of  final  regression  coefficients.   The  field  data 
were  analyzed  with  standard  correlation  and  multi- 
ple regression  analysis  by  the  following  equation: 

Tree  height  =  bO  +  bl*age  -I-  b2X2  +...bnXn 

Stand  mean  height,  instead  of  plot  site  index,  was 
used  as  the  regression  dependent  variable  to  avoid 
problems  associated  with  assuming  that  a  single 
set  of  height/age  curves  adequately  describes  tree 
height  growth  in  response  to  changing  environmental 
conditions  present  on  various  sites. 


RESULTS  AND  DISCUSSION 

Regression  analysis  indicated  that  total 
height  of  yellow-poplar  is  a  function  of  stand  age 
and  topographic  variables  as  shown  in  the  following 
model : 

THt  =  1/(0.0047300  +  (0 .203638/AGE) 

-I-  (0.000034315*AGE)  -  (0 .00048860*SHAPI) 

-  (0.00046387*cos[ASP]*GRAD) 

-  (0.000054494*sin[ASP]*GRAD) 

-  (0.0019392*GRAD)}  [1] 


where: 


THt  =  total  tree  height  (feet) 

"AGE  =  stand  age  (years) 

SHAPI  =  surface  shape  index  (discrete  value 
ranging  from  -2  for  strongly  convex 
to  +2  for  concave  shape) 

ASP  =  plot  aspect  from  north  (degrees) 
GRAB  =  plot  slope  gradient  (percent/100) 
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This  equation  has  a  coefficient  of  multiple 
correlation  (R2)  of  0.70,  and  standard  .error  of 
the  mean  of  0.0011.   Site  index  may  be  predicted 
from  the  model  by  holding  age  constant  at  50  years, 

All  of  the  independent  variables  in  equation 
[1]  are  significant  at  the  0.10  level.  Following 
age,  which  was  the  single  most  important  variable 
in  the  model,  surface  shape  index  accounted  for  a 
large  proportion  of  the  variation  in  tree  height. 
The  total  variation  explained  by  including  succes- 
sive independent  variables  in  the  model  is: 


Variable 

AGE 

AGE  +  SHAPI 

AGE  +  SHAPI  +  ASP 

AGE  +  SHAPI  +  ASP  +  GRAD 


R2 

0.639 
0.682 
0.694 
0.702 


There  was  little  correlation  among  the  independent 
variables.   The  highest  correlation  was  between 
gradient  and  aspect  (r  =  -0.24). 

The  accuracy  of  this  equation  was  evaluated 
by  using  data  from  plots  not  included  in  the 
analysis.   Shown  in  figure  4  is  a  plot  of  pre- 
dicted versus  observed  site  index  for  the  14  test 
plots.   For  most  predictions,  estimates  of  site 
index  were  within  +  10  percent  of  that  observed. 
There  was  a  tendency,  however,  for  estimates  to 
be  overpredicted  at  the  low  range  and  under- 
predicted  for  higher  values  of  site  index. 
Estimates  of  site  index  for  other  plots  not  in- 
cluded in  this  random  test  sample  could  vary 
widely  from  actual  site  index,  especially  at  the 
limits  of  data  used  to  develop  the  model. 

Additional  testing  of  this  prediction  equation 
is  desirable  before  application,  although  accuracy 
appears  to  be  adequate  for  identification  of  poor, 
intermediate,  and  good  classes  of  sites  within  the 
higher  quality  sites  in  the  Southern  Appalachians. 

Independent  Variables 

The  topographic  variables  in  the  equation  are 
biologically  important  in  that  each  has  an  influ- 
ence on  the  soil  moisture  relationship  of  the  site. 
Since  no  transformations  were  significant  in  the 
analysis,  the  effect  of  each  variable  in  the  model, 
with  the  exception  of  aspect,  is  linear.   Soil- 
related  variables  are  not  considered  in  this  model, 
but  soil  characteristics  are  associated  with 
several  of  the  topographic  variables  in  the  model. 

Shape  Index  (SHAPI) 

The  effect  of  shape  index  on  site  quality  is 
shown  in  figure  5.   Over  the  range  of  sites 
measured,  site  index  increased  by  more  than  20 
points  as  surface  shape  index  changed  from  -2  on 
convex  ridgetops  to  +2  in  concave  coves.   Site 
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Figure  4. — Observed  and  predicted  yellow-poplpl 
site  index  using  equation  [1]  and  data  frona 
plots  not  included  in  original  analysis. 
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Figure  5. — Relation  of  site  index  to  gradient 
and  shape  index  for  yellow-poplar  in  the 
Southern  Appalachians. 
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Other  researchers  have  found  the  optimum 
;pect  for  tree  growth  is  in  the  northeast  quad- 
i;nt ,  usually  between  45  and  58  degrees.   The 
ilpect  for  optimum  height  growth  of  yellow-poplar 

the  study  plots  was  6  degrees  to  the  east, 
is  shift  then  places  the  least  productive  sites 

186  degrees,  or  slightly  to  the  southwest. 
e  data  show  very  slight  changes  in  site  quality, 
wever,  even  within  30  to  40  degrees  of  the 
erection  of  theoretical  minimum  and  maximum 
hight  growth.   For  the  average  slope  gradient  of 
tlis  study,  about  30  percent,  site  index  decreased 
clly  about  3  to  4  points  from  the  best  to  the 
plorest  aspects. 


On  sloping  landforms,  aspect,  along  with 
tope  gradient  and  latitude,  affects  solar 
ridiation  received  by  the  site  and  indirectly 
cjfects  soil  moisture  losses  resulting  from 
e'aporation  and  transpiration.   Throughout  the 
fbwing  season,  southern  exposures  receive  the 
D^t  solar  radiation,  while  northern  exposures 
rceive  the  least.   East  and  west  aspects  receive 
epal  amounts  of  radiation,  but  western  aspects 
t:id  to  be  more  xeric  because  of  greater  moisture 
l^ses  resulting  from  higher  afternoon 
tTiperatures . 

'i 
Gkdient  (GRAD) 

The  effect  of  slope  gradient  on  site  index 
il  shown  in  figure  6.   Sites  with  little  gradient 
8'^  commonly  associated  with  stream  bottoms. 
Wire  poor  internal  soil  drainage  reduces 
yllow-poplar  height  growth.   Site  index  increases 
w;h  slope  gradient  because,  for  one  reason,  soils 
i^  better  drained. 

Perhaps  the  main  effect  of  gradient  on  site 
ifex   is  to  modify  the  effect  of  aspect.   As 
gidient  increases  on  northern  aspects,  mean  site 
ilex  increases  from  94  to  110.   On  southerly 
a)ects,  however,  site  index  increases  only  to 
a)ut  104.   Soils  on  steep,  south-facing  slopes 
h'e  higher  evaporation  rates  than  soils  on 
Sjiilar  north  slopes  because  their  angle  to  the 
SI  is  more  perpendicular  and  allows  them  to 
ri'eive  a  greater  proportion  of  total  available 
riiation  per  unit  surface  area. 

The  effect  of  gradient  on  site  quality  seems 
t'  be  inconsistent  among  species  in  mountainous 
tirain.   Ike  and  Huppuch  (1968)  found  that  site 


index  of  two  species  was  directly  correlated  with 
gradient;  but  for  two  other  species  in  the  same 
geographical  area,  site  index  was  inversely 
correlated  with  gradient.   For  yellow-poplar  in 
this  study,  the  main  significance  of  gradient 
seems  to  be  that  increasing  gradient  indicates 
well-drained  soils,  which  are  conducive  to  better 
height  growth.   Further  study  is  needed  to  de- 
termine if  site  index  continues  to  increase  at  a 
linear  rate  over  a  wide  range  of  gradients. 
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Figure  6. — Relation  of  site  index  to  aspect  and 
gradient  for  yellow-poplar  in  the  Southern 
Appalachians. 

Nonsignificant  Variables 

The  effect  of  two  independent  variables, 
elevation  and  slope  position,  was  not  signifi- 
cant, and  their  importance  was  unclear  in  this 
study.   However,  these  variables  have  usually 
been  found  significant  in  other  studies  of  site 
index  and  topography.   In  studies  where  plots 
were  measured  over  large  vertical  distances, 
elevation  has  been  a  significant  topographic 
variable.   For  example,  Ike  and  Huppuch  (1968) 
reported  about  a  6-point  increase  in  yellow- 
poplar  site  index  as  elevation  increased  from 
2,000  to  3,000  feet. 

Slope  position  has  typically  been  important 
in  every  study  where  it  was  included  as  an 
independent  variable.   Sites  at  lower  slope 
positions  tend  to  have  more  favorable  soil 
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moisture  regimes  than  do  upper  slope  positions 
for  several  possible  reasons,  including  deeper 
Al  horizons  resulting  from  accumulation  of 
colluvial  material,  subterranian  movement  of 
moisture  downslope,  and  concave  surface  shapes. 
These  favorable  conditions  decrease  for  upslope 
positions,  and  surface  shape  tends  to  be  linear 
or  convex  near  the  ridgetop.   In  this  study, 
slope  position  was  weakly  correlated  with  tree  • 
height  and  much  of  the  variation  in  site  index 
normally  accounted  for  by  this  variable 
apparently  was  explained  by  the  shape  index. 

Final  Equation 

For  the  final  analysis,  data  from  all  140 
plots  were  combined.  The  resulting  regression 
equation  of  best  fit  was: 

THt  =  1/(0.00509  + (0.19693/AGE) 

+  (0.00003044*AGE)  -  (0 .0004866*SHAPI) 

-  (0.000382cos[ASP]*GRAD/100) 
-  (0.0001856sin[ASP]*GRAD/100) 

-  (0.00198*GRAD/100)}  [2] 

The  regression  coefficients  changed  very  little 
from  those  shown  in  equation  [1].  Equation  [2] 
has  an  R2  of  0.702  and  sy.x  of  0.00105. 

Application  of  Equation 

The  present  form  of  the  model  for  estimation 
of  total  height  for  yellow-poplar  in  the  Southern 
Appalachians  is  primarily  useful  for  grouping 
land  areas  into  broad  categories  of  site  classes: 


Site  class 


Poor 


Intermediate 


Site  index  range 
<  100 


Good 


100 


>  120 


120 


Other  factors  that  are  known  to  affect 
site  index,  such  as  soil  and  climatic  variables, 
were  not  considered  in  this  paper  but  may  alter 
effects  of  topography  for  local  areas.   Until 
this  equation  has  been  evaluated  for  application 
in  various  local  situations,  the  user  should 
exercise  proper  judgment  in  application  of 
predicted  values  of  site  index. 
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MICROSITE  VARIATION  AND  HEIGHT  OF 


LOBLOLLY  PINE  SEEDLINGS  WITHIN  THE  SOUTH  CAROLINA  PIEDMONT-^ 
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Abstract, — Soil-site  characteristics  were  correlated 
with  heights  of  four-year-old  loblolly  pine  (Pinus  taeda  L.) 
seedlings  on  two  South  Carolina  Piedmont  sites.   Both  sites 
had  been  rootraked,  windrowed  and  planted  with  improved  stock. 
Seedling  height  was  significantly  greater  on  microsites  where 
penetrometer  resistance  was  least  and  depth  to  the  argillic 
horizon  was  greatest.   Organic  content  and  water  supplying 
capacity  index  had  little  to  no  significant  effect  on  seedling 
height. 


INTRODUCTION 


METHODS 


Piedmont  sites  have  a  high  degree  of  micro- 
variation  partially  due  to  dendritic 
r^ion  patterns  which  formed  when  the  area  was 
if-ultivation.   Artificial  regeneration  of 
)|-olly  pine  in  the  Piedmont  is  typically 
:)mplished  by  clearf elling ,  site-preparation, 
I'planting.   These  harvesting  and  regeneration 
ritices  may  result  in  increased  microsite 
i^ation.   A  large  variation  in  the  height  of 
3  oily  pine  seedlings  has  been  observed  on 
i;e  mechanically  prepared  plantations.   Since 
Lf  preparation  has  reduced  the  vegetative 
JMetition,  height  differences  may  be  related 
Jiicrosite  variation. 

i  Many  studies  have  related  numerous 
ji-site  characteristics  to  the  height  or  site 
i<:X  of  older  loblolly  pine  (Pinus  taeda  L.) 
t.ds  (Carmean  1975).   However,  few  studies 
r'  attempted  to  relate  soil  and  site  charac- 
;:  sties  to  the  height  growth  of  seedlings, 
i.y  growth  studies  are  needed  to  identify 
3:-site  factors  important  to  seedling  growth, 
n  may  also  indicate  potential  beneficial  or 
IVrse  effects  of  site  preparation  treatments 
:ii'arly  plantation  development.   The  objective 
f  his  study  was  to  evaluate  effects  of  several 
a: -site  characteristics  on  early  height  growth 
f  oblolly  pine  seedlings  on  South  Carolina 
Umont  sites. 
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tcuate  Assistant,    and  Professor,   Department   of 
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Study  Area 

Four-year-old  loblolly  pine  seedlings  were 
studied  on  two  small  clearcuts  located  on  the 
Clemson  Experimental  Forest  in  the  upper  Piedmont 
of  South  Carolina.   Prior  to  clearcutting,  these 
stands  contained  90  and  77  ft^/ac  of  shortleaf 
pine  (Pinus  echinata  Mill.)  with  a  mixed  hardwood 
understory  component.   Site  indices  at  age  50  were 
70  and  60  ft,  respectively.   The  areas  were 
clearcut,  rootraked,  and  machine  planted  at 
6  x  6  ft  spacing  with  1-0  improved  loblolly  pine 
seedlings  in  1979  (site  A)  and  1980  (site  B) . 


Soils  on  both  sites  are  Cecil 
(Typic  Hapludults)  with  southeast 
slopes  of  5-10  percent.   Because  o 
practices,  these  soils  have  underg 
surface  and  gully  erosion  and  the 
(subsurface  horizon  of  an  illuvial 
clay)  in  many  areas  is  at  or  near 
shortleaf  pine  seeded  in  on  these 
erosion  rates  declined  and  gullies 
Soil  and  organic  matter  gradually 
these  erosion  channels,  further  in 
variability. 


sandy  loams 
exposures  and 
f  past  farming 
one  severe 
argillic  horizon 

accumulation  of 
the  surface.  As 
old  fields, 

stabilized, 
accumulated  in 
creasing  site 


Sampling  Procedures 

In  each  of  three  height  classes,  twenty 
seedlings  were  randomly  selected  for  measurement 
on  each  site.   Three  seedling  height  classes  were 
established  as  representative  of  three  microsites. 
The  three  height  classes  were:   (1)  seedlings 
<  3  ft,  (2)  seedlings  3-5  ft,  and  (3)  seedlings 
>  5  ft  in  height.   Relative  soil  density,  depth  to 
the  argillic  horizon,  organic  matter  content, 
and  water  supplying  capacity  were  assessed  at 
each  tree. 
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Four  penetrometer  cone  index  readings  were 
taken  around  the  drip-line  of  each  seedling  to  a 
depth  of  4  inches  while  the  soil  was  near  field 
capacity.   Index  readings  were  then  averaged  to 
give  one  reading  for  each  sampled  tree. 

Soil  cores  were  taken  within  the  drip-line 
of  each  seedling  using  an  auger  to  determine 
depth  to  the  argillic  horizon  (Bt) .   In  addi- 
tion, four  3-inch  soil  cores  were  taken  around 
the  drip-line  of  each  seedling  and  composited 
for  determination  of  the  organic  matter  content 
of  the  surface  soil  using  the  Walkley-Black 
method  ("Allison  1965). 

As  an  index  to  the  potential  ability  of  the 
micro-site  to  supply  available  water  and 
nutrients  to  the  seedling,  the  following 
subjective  ranking  system  was  used: 

RANK  DESCRIPTION 

1  Highly  eroded  site  with  Bt  at  the  surface 

and  little  to  no  surface  vegetation 

2  Eroded  site  with  Bt  less  than  2  inches 

below  the  surface  and  less  than  25% 
vegetative  cover 

3  Level  microsite  with  Bt  2-5  inches  below 

the  surface  and  25-50%  vegetative 

cover 
A   Slight  depression  with  Bt  2-5  inches  below 

the  surface  and  50-75%  vegetative 

cover 
5   Slight  depression  with  Bt  deeper  than 

5  inches  and  vegetative  cover  greater 

than  75% 

Analysis  of  variance  was  used  to  test  the 
effects  of  soil-site  characteristics  on  seedling 
height.   All  testing  was  at  the  0.05  percent 
level  of  significance.   Differences  between 
height  class  means  for  each  soil  variable  were 
tested  using  Duncan's  new  multiple  range  test. 
Regression  analyses  were  used  to  determine  how 
closely  each  soil  variable  related  to  height  at 
each  site. 


RESULTS  AND  DISCUSSION 

Loblolly  seedling  height  was  significantly 
greater  on  microsites  where  penetrometer 
resistance  was  least  and  depth  to  the  argillic 
horizon  was  greatest  (Table  1).   Organic  matter 
content  of  soils  around  seedlings  in  the  two 
larger  size  classes  was  significantly  greater 
than  that  in  soils  around  smaller  seedlings. 
The  water  supplying  capacity  index  had  no 
significant  effect  on  seedling  height. 

On  fine  textured  soils,  the  cone  penetrome- 
ter has  been  found  to  be  an  accurate  estimator 
of  relative  soil  density  (Davidson  1965).   Pene- 
trometer resistance  values  were  significantly 
lower  for  trees  in  the  larger  height  category. 


Table  1.   Height  class  distribution  by  soil 
variables  in  a  four-year-old  loblolly  pine 
plantation. 


Wa  ( 

Height 

Sup;  1 

Size 

Penetrometer 

Depth 

Organic 

Capai  ] 

Class 

Resistance 

to  Bt 

Matter 

In(  £ 

(ft) 

(Ib/in^) 

(in) 

(%) 

<  3.0 

62.8a 

3.0a 

1. 7a 

3.:; 

3.0-5.0 

40. 3b 

4.0b 

4.0b 

3.'  = 

>  5.0 

43. Ac 

5.4c 

2.0b 

4.{] 

NOTE:   Means  followed  by  the  same  letter  in 
columns  are  not  significantly  different  at  the 
0.05  level. 


Roots  generally  penetrate  soils  by  moving  throt ; 
existing  pore  spaces  or  by  displacing  soil 
particles  from  their  path.   Increased  soil  dens 
inhibits  root  development  as  well  as  seedling 
height  because  of  reduced  porosity,  moisture 
storage  capacity,  infiltration  rates,  and  root  ' 
penetration  (Foil  and  Ralston  1967,  Simmons  and 
Ezell  1983). 

Seedling  heights  were  greatest  on  mlcrosit 
with  thicker  surface  soil  horizons  (Table  1). 
Most  Piedmont  surface  soil  horizons  are  charac- 
terized by  higher  percentages  of  sand  and  silt 
than  the  lower  horizons,  which  have  accumulatio 
of  clay  (Campbell  et  al.  1973,  Boul  et  al.  1980 
The  ability  of  a  soil  to  facilitate  gas  exchang 
and  water  infiltration  is  largely  dependent  upo 
soil  texture  (Pritchett  1979,  Burger  1983).   If 
the  surface  soil  horizon  is  thin  or  nonexistant 
as  is  the  case  in  many  eroded  Piedmont  soils, 
oxygen  may  not  be  able  to  diffuse  into  the  soil 
sufficient  quantities  to  provide  an  adequate 
supply  for  root  growth.   Reduced  root  growth  dui 
to  poor  aeration  adversely  affects  height  growtl 
not  only  because  of  reduced  oxygen  but  also 
because  of  reduced  nutrient  and  water  uptake 
(Zahner  1958,  Foil  and  Ralston  1967,  Sands  1983'.. 
Therefore,  soils  with  thicker  surface  horizons 
tend  to  provide  greater  rooting  volume  than  higl  I 
eroded  soils.  ; 

Water  supplying  capacity  index  showed  no 
significant  effect  on  seedling  height  (Table  1), 
apparently  because  of  confounding  between  factoid 
used  in  the  rating  system.   Even  though  surface 
soil  depth  significantly  affected  seedling  heigl' : 
when  combined  in  the  subjective  rankings  with  th ! 
presence  of  vegetation,  no  significant  effects 
were  found.   Associated  vegetation  on  the  micro- 
site  appeared  to  have  a  negative  effect  on 
seedling  height,  rather  than  being  an  Indicator 
of  a  favorable  microsite,  as  envisioned  when  the 
rating  system  was  developed. 
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Organic  matter  content  around  seedlings 
LT-ied  only  from  1.7  to  2.0  percent  across  the 
fee  height  categories  (Table  1).   The  less 
E;)ded  sites  associated  with  the  two  taller 
:'isses  of  seedlings  had  significantly  higher 
Dganic  matter  concentrations,  even  though 
a;ual  numerical  differences  were  small. 

Even  though  penetrometer  resistance  and- 
3-face  soil  depth  showed  good  correlations  with 
sidling  height  on  site  A,  regression  analysis 
Llicated  that  soil  density  and  surface  soil 
iDth  accounted  for  only  0.28  and  0.32  of  the 
/jiation  in  seedling  height  on  site  B 
(ible  2).   These  differences  may  be  partially 
;;)lained  by  the  fact  that  sites  were  sampled  in 
liferent  years.   Soil  conditions  during 
sipling  periods  may  have  affected  ease  of 
;ipling,  or  possibly  differences  in  the 
Pj-sonnel  taking  the  measurements,  may  have 
r;ulted  in  the  lower  R^  values  on  site  B. 

r.jile  2.   Coefficients  of  determination  (R^) 
*:h  total  height  as  the  response  variable. 


Concomitant  Variable 


Site  A  Site  B 
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j  CONCLUSIONS 

Results  indicate  that  nicrosite  variability, 
1:  expressed  by  penetrometer  resistance  and 
i'jith  to  the  argillic  horizon,  significantly 
Liluenced  loblolly  pine  seedling  height.   These 
c.jtors  are  indirectly  related  to  available 
Jijer,  nutrients,  and  aeration,  which  directly 
Li.luence  microsite  quality  and  subsequently 
;:(Wth  (Carmean  1975).   The  fine-textured  soils 
);:the  Piedmont  are  very  susceptible  to 
:upaction  and  often  have  a  thin  surface  soil 
ii'izon.   During  moist  conditions.  Piedmont 
31  Is  are  particularly  vulnerable  to  the  adverse 
;:ects  of  poorly  prescribed  site  treatments. 
?iest  managers  should  be  aware  of  soil-site 
:lracteristics  which  are  limiting  to  growth  and 
>'.  scribe  silvicultural  treatments  accordingly. 
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IMPACT  OF  INTENSIVE  SILVICULTURAL  PRACTICES  ON  SOIL  COMPACTION-'' 

2/ 
Timothy  T.  Ku,  R.  Scott  Beasley,  and  Timothy  J.  Lomax— 


A  study  was  initiated  in  South  Arkansas  in  1980  to  deter- 
mine the  effects  of  intensive  silvicultural  practices  on  water 
and  site  quality.   Nine  natural  mature  pine-hardwood 
watersheds,  ranging  in  size  from  2.56  to  4.05  ha  were  located 
in  Drew  County,  6  miles  north  of  Monticello  on  industrial 
lands.   Three  watersheds  were  clearcut,  site  prepared  and 
replanted  to  pine;  three  were  selectively  harvested  to  achieve 
an  uneven  age  structure;  and  three  were  left  undistrubed  to 
serve  as  controls.   The  predominant  soil  series  was  Tippah  silt 
loam,  a  member  of  the  Flne-silty,  mixed,  thermic,  Aquic 
Paleudalf s. 

In  conjunction  with  the  project,  a  study  on  the  effects  of 
logging  operation  and  subsequent  site  preparation  on  soil  com- 
paction was  begun.   Bulk  soil  samples  and  in  situ  cores  were 
taken  at  3  points  and  2  depths  (0-7.5  cm  and  15-22.5  cm)  near 
each  of  10  stations  separated  at  20.3  m  (1  chain)  intervals 
along  a  transect  through  the  approximate  axis  of  each 
watershed,  before  and  after  silvicultural  operations. 

Statistical  analysis  of  the  1080  bulk  density  samples 
indicated  a  significant  impact  of  clearcut-and-site  preparation 
operations  on  soil  compaction.   Bulk  density  on  all  watersheds 
before  treatment  averaged  1.13  g/cc  for  the  upper  7.5  cm  and 
1.37  g/cc  for  the  15-22.5  cm  zone.   Immediately  after  treatment 
the  respective  values  were  1.35  g/cc  and  1.50  g/cc  for  the 
clearcut-and-site  prepared  watersheds,  1.18  g/cc  and  1.38  g/cc 
for  the  selectively-harvested  watersheds  and  1.12  g/cc  and 
1.37  g/cc  for  the  controls. 

Additional  soil  sampling  and  analysis  will  be  done  to 
study  the  recovery  time  from  such  compactions. 

—  Paper  presented  at  Southern  Silvicultural  Research 
Conference,  Atlanta,  Georgia,  November  7-8,  1984. 

2/ 

—  Professors  and  Research  Specialist,  respectively. 

Department  of  Forest  Resources,  Agricultural  Experiment 
Station,  University  of  Arkansas  at  Monticello,  Monticello,  AR 
71655. 
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LONG  TERM  RESPONSE  OF  LOBLOLLY 

PINE  TO  COLLOIDAL  PHOSPHATE  - 

2/ 
M.  Victor  Bilan  and  Marcey  A.  Gillespie  — 


Abstract. — Three  or  six  ounces  of  colloidal  phosphate  were  applied 
either  in  planting  hole  or  on  soil  surface  while  planting  loblolly  pine 
in  East  Texas.   Combination  of  phosphate  in  the  planting  hole  with  NK  on 
soil  surface  increased  diameter  growth  for  four  years  and  the  height 
growth  for  18  years  after  planting. 


INTRODUCTION 

This  study  was  initiated  in  I960,  during  the 
elod  of  intensified  interest  in  commercial 
D2St  fertilization  stimulated  by  rapidly 
nreasing  demand  for  forest  products  and  by 
hinking  forestry  land  base.   Calphos  2/ 
etilizer  was  donated  by  the  cooperator  to  test 
ti  effect  on  growth  of  loblolly  pine  seedlings  in 
at  Texas.   Calphos,  which  is  a  brand  of 
aarally  occurring  colloidal  phosphate,  contains 
tleast  about  8%  of  phosphorus,  17%  of  calcium 
n  lesser  amounts  of  18  other  elements, 
e^ficial  effect  of  colloidal  phosphate  on  growth 
fslash  pine  in  Florida  was  reported  by  Pritchett 
n  Swinford  in  1961. 


EXPERIMENTAL  PROCEDURES 

The  study  was  established  on  a  Woden  sandy 
on  soil  of  old  field  in  Nacogdoches  County, 
eis.   The  site  was  burned  and  cleared  of  brush 
u:  prior  to  establishment  of  the  study  in 
'qruary,  1961. 


-  Paper  presented  at  Southern  Sivlicultural 
iarch  Conference,  Atlanta,  Georgia,  November 
,  1984. 

j  -  The  authors  are,  respectively.  Professor 
^'orestry  and  former  Graduate  Assistant,  School 
forestry,  Stephen  F.  Austin  State  University, 
jgdoches,  Texas   75962. 


3/ 

—  Thompson  Sales  Company,  Inc. 

Montgomery,  Alabama  36101. 


P.  0.  Box 


The  sandy  loam  surface  soil  was  classified  as  very 
low  on  nitrogen  and  phosphorus  and  low  on 
potassium  and  calcium. 

The  study  consists  of  four  blocks  each  160 
feet  by  100  feet,  in  a  four-replicate  split  plot 
design.   Ten  furrows  spaced  eight  feet  apart  were 
plowed  parallel  to  the  short  side  of  each  block, 
thus  subdividing  each  block  in  two  plots  and  the 
entire  experimental  field  into  eight  plots  each 
100  feet  by  80  feet.   Ten  rows  of  25  one-year-old 
loblolly  pines  were  hand  planted  on  each  plot 
with  eight-foot  intervals  between  rows  and  four- 
foot  intervals  between  pines  in  the  same  row. 
One  of  the  following  treatments  was  applied  at 
random  to  one  pair  of  rows  of  seedlings  in  each 
plot: 

1.  3  oz.  of  Calphos  placed  in  the 
planting  hole  of  each  seedling. 

2.  6  oz.  of  Calphos  placed  in  the 
planting  hole  of  each  seedling. 

3.  3  oz.  of  Calphos  spread  on  soil 
surface  in  12-inch  radius  around 
each  seedling. 

4.  6  oz.  of  Calphos  spread  on  soil 
surface  in  12-inch  radius  around 
each  seedling. 

5.  Control. 

One  week  after  planting  1  oz .  of  60Z  muriate 
of  potash  and  1.5  oz.  of  40%  ammonium  sulfate 
were  spread  on  soil  surface  in  12-inch  radius 
around  each  pine  in  one  of  the  two  rows  given 
similar  Calphos  treatments. 

Height  and  survival  of  all  trees  were 
recorded  annually  from  the  first  through  the 
fourth  year  after  treatments,  while  the  diameter 
at  breast  height  was  recorded  during  the  third. 


341 


fourth  and  eleventh  year  after  treatments.   Data 
obtained  18  years  after  the  treatments  are  based 
on  the  diameter  of  all  surviving  trees  and  on  the 
height  of  five  dominant  trees  per  row.   Factorial 
analysis  of  variance  was  used  for  the  final 
measurements,  while  all  data  obtained  previously 
were  subjected  to  a  split-split  plot  statistical 
analyses. 


RESULTS  AND  DISCUSSIONS 
Height  Growth 

Combination  of  placing  Calphos  in  the 
planting  hole  and  spreading  potassium  and 
nitrogen  on  soil  surface  increased  height  growth 
of  loblolly  pine  seedlings  during  the  first  four 
years  after  treatment  (Table  1).   Either  3  oz.  or 
6  oz.  of  Calphos  were  equally  effective  on  the 
furrowed  and  on  the  unfurrowed  plots.   Spreading 
of  Calphos  on  the  soil  surface  did  not  prove  to 
be  effective  either  with  or  without  nitrogen  and 
potassium  regardless  of  furrowing.   Furrowing 
alone  did  not  seem  to  affect  height  growth  of 
planted  seedlings  during  their  first  four  years 
of  growth. 

Eighteen  years  after  treatment,  trees  that 
received  3  oz.  or  6  oz.  of  Calphos  in  the  planting 
hole  were  still  significantly  taller  than  the 
control  trees  (Table  2).   At  this  time,  Calphos 
proved  to  be  effective  with  or  without  addition 
of  nitrogen  and  potassium.   According  to  an 
equation  developed  by  Lenhart  (1972),  site  index 
at  base  age  25  was  improved  from  61  feet  for 
control  trees  to  63  feet  for  trees  that  received 
Calphos  in  the  planting  hole. 

Brendemuehl  (1970),  Bengston  (1970),  and 
Pritchett  (1961)  have  demonstrated  the  importance 
of  placing  fertilizer  material,  especially 
phosphorus.  In  contact  with  the  rooting  zone  of 
the  soil  for  the  best  response.   Pritchett  and 
Swinford  (1961)  reported  that  broadcasting  and 
disking  of  colloidal  phosphate  at  the  rate  of  1/2 
ton  per  acre  just  before  planting  increased 
significantly  height  growth  of  slash  pine  in 
Florida,  and  that  superior  height  growth  was 
evident  15  years  after  the  treatment. 


Diameter  and  Basal  Area 

Application  of  either  3  oz.  or  6  oz.  of 
Calphos  in  the  planting  hole  and  of  nitrogen  and 


potassium  on  the  soil  surface  increased 
significantly  diameter  growth  of  the  planted 
loblolly  pines  during  the  third  and  the  fourth 
growing  season  on  both,  the  furrowed  and 
unfurrowed  plots  (Table  3).   However,  no 
significant  differences  were  evident  among  the 
average  diameter  growth  of  any  treatments  11  oi 
18  years  after  planting. 

Close  (4  feet  by  8  feet)  original  spacing 
74%  average  survival  18  years  after  treatment 
resulted  in  an  average  of  1,007  trees  per  acre 
and  a  basal  area  of  224  square  feet  (Table  4). 
The  excessive  stand  density  inhibited  diameter 
growth  and  probably  resulted  in  the  absence  of 
statistial  differences  among  the  treatments  foi 
the  diameter  growth  and  basal  area  per  acre. 
When  expressed  as  percentage  of  control,  Calphc  ; 
application  at  the  rate  of  6  oz.  on  surface  and 
3  oz .  or  6  oz.  in  planting  hole  produced  betwee i 
10%  and  16%  more  basal  area. 

Volume 

Volume  in  cunits  was  determined  by  the 
equation: 

cunits  =  0.008  +  0.0002  D^H 

Statistical  analysis  did  not  detect  any 
significant  differences  among  average  volume  pe 
acre  produced  by  individual  Calphos  treatments  I 
years  after  fertilization.   However,  like  diame  i 
and  basal  area,  volume  produced  by  6  oz .  and  3  ; 
of  Calphos  in  the  planting  hole  was  10%  and  197. 
greater  than  the  volume  produced  by  control  tre  : 

Merchantable  volume  in  cords  was  determine 
by  the  equation: 

cords  =  0.75  (cunits/tree)  dbh-3.5  assumin; 
uniform  taper  dbh 

and  a  top  diameter  limit  of  3.5  inches.   Althou]  !■ 
differences  among  treatment  means  were 
statistically  not  significant,  6  oz .  of  Calphos 
on  soil  surface  produces  21%  more  cord  volume 
than  the  control.   Trees  treated  with  3  oz.  in 
the  planting  hole  produced  10%  more  cord  volume 
than  the  control  trees.   Pritchett  and  Swinford 
(1961)  also  reported  increase  in  cord  wood  volui  b 
of  slash  pine  in  Florida  15  years  after 
application  of  0.5  to  1.0  ton  of  colloidal 
phosphate  per  acre  disked  into  fine  sand  before 
planting. 
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ible  1. — Average  height  of  loblolly  pine  plantation  by  treatments  during  the  first 
four  years  after  planting. 

TREATMENTS 

Calphos 
js  0  3oz.  6oz.  3oz.  6oz. 

control  surface  surface  hole  hole 


-feet- 


No  Furrowing  no  NK 

l.A  a^             1.3  a              1.5  a              1.4  a  1.4  a 

3.6  a             3.6  a              3.5  a              3.6  a  3.7  a 

7.0  a             6.7  a              6.9  a              7.0  a  7.3  a 

10.8  a             10.4  a              10.6  a              11.0  a  11.3  a 

Furrowing  no  NK 

1.5  a              1.5  a               1.5  a               1.5  a  1.5  a 

3.9  a              3.9  a              3.7  a              3.9  a  3.8  a 

7.4  a              7.4  a              7.2  a              7.4  a  7.3  a 

11.2  a             11.1  a              11.0  a             11.0  a  11.1  a 

No  Furrowing  +   NK 

1.3  a              1.3  a              1.4  a              1.5  b  1.6  b 

3.4  a             3.3  a              3.4  a              3.8  b  3.9  b 
6.9  a              6.7  a              6.6  a              7.4  b  7.6  b 

10.7  a             10.4  a              10.3  a              11.3  b  11.6  b 
Furrowing  +   NK 

1.8  b  1.7  b 

3.6  ab  4.2  b 

7.3  ab  7.8  b 

11.9  b  11.6  b 

-Treatment  means  followed  by  a  common  letter  do  not  differ  significantly  according  to  Duncan's 
multiple  range  test. 


'.                         1.4  a 

1.5   a 

1.4  a 

\                        3.7   a 

3.8  a 

3.7   a 

)                        7.1  a 

7.2  a 

7.2   a 

10.8  a 

10.9   a 

10.8   a 
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Table  3. — Average  diameter  of  loblolly  pine  plantation  by  treatments  and  age. 


Age 

of 

Trees 


0 
control 


3oz. 
surface 


TREATMENTS 


Calphos 

6oz . 
surface 


3oz . 
hole 


6oz . 
hole 


years 

4 

5 
12 
19 

4 

5 
12 
19 

4 

5 
12 
19 

4 

5 
12 
19 


No  Furrowing  no  NK 

0.68  a^  0.58  a 

1.58  a  1.50  a 

5.10  a  4.98  a 

5.91  a  6.12  a 
Furrowing  no  NK 

0.72  a  0.71  a 

1.62  a  1.57  a 

4.82  a  4.80  a 

5.88  a  5.81  a 
No  Furrowing  +  NK 

0.62  a  0.58  a 

1.53  a  1.44  a 

5.09  a  4.99  a 

5.92  a  6.09  a 
Furrowing  +  NK 

0.64  a  0.74  a 

1.52  a  1.49  a 

5.12  a  4.78  a 

6.10  a  6.21  a 


-inches- 


0.62  a 

1.52  a 
5.38  a 
5.94  a 

0.72  a 
1.55  a 
5.33  a 
6.26  a 

0.59  a 
1.47  a 
5.26  a 
6.14  a 

0.64  a 

1.53  a 
4.79  a 
5.78  a 


0.69    a 

0.73  a 

1.56  a 

1.62  a 

5.27   a 

5.13  a 

5.96  a 

6.28  a 

0.73   a 

0.70  a 

1.48   a 

1.57  a 

4.63   a 

4.85  a 

5.77   a 

6.00  a 

0.80  b 

0.79  b 

1.73   b 

1.72  b 

5.53  a 

5.14  a 

6.73   a 

6.02  a 

r 


0.85  b 

0.79  b 

1.73  b 

1.69  b 

4.86  a 

5.20  a 

5.93  a 

6.03  a 

ll 


-  Treatment  means  followed  by  a  common  letter  do  not  differ  significantly  according  to  Duncan's 
multiple  range  test. 


344 


e  2. — Average  height  of  loblolly  pine  trees 

after  fertilizing  for  all  furrowing  and 
nitrogen-potassium  treatments  combined. 


Calphos  Treatments 


0         3oz. 
cntrol    surface 


6oz.     3oz.    6oz. 
surface   hole    hole 


-feet- 


'.2  c^''   53.8  abc   53.4  be   54.6  a   54.5  a 


reatment  means  followed  by  a  common  letter  do 
pt  differ  significantly  according  to  Duncan's 
jltiple  range  test. 


b;  4. — Average  parameters  of  loblolly  pine 

trees  18  years  after  treatment  for  all 
furrowing  and  NK  treatments  combined. 


lifment Height 


Diameter 


Basal 
Area 


Volume 


abhos 


feet 


inches   sq .  feet/   cords/ 
acre      acre 


trol  53.2  c_ 

surface  53.8  be 

surface  53.4  be 

hole  54.6  a 

hole  54.5  a 


1/ 


6.0  a 

211  a 

16.6  a 

6.1  a 

198  a 

15.3  a 

6.0  a 

237  a 

20.2  a 

6.1  a 

244  a 

18.3  a 

6.1  a 

232  a 

17.2  a 

teatment  means  followed  by  a  common  letter  do 
t  differ  significantly  according  to  Duncan's 
Itiple  range  test. 


CONCLUSIONS 

Height  and  diameter  growth  of  loblolly  pine 
were  significantly  increased  during  the  first 
four  years  after  planting  when  Calphos  was 
applied  in  the  planting  hole  and  nitrogen  and 
potassium  were  applied  to  soil  surface. 
Beneficial  effect  of  Calphos  was  also  evident  in 
the  height  growth  18  years  after  treatment  with 
or  without  nitrogen  and  potassium  application. 

Average  tree  survival  was  95%  four  years 
after  fertilizing  and  74%  eighteen  years  later, 
and  none  of  the  applied  treatments  affected  the 
stand  density.   Due  to  close  spacing  and  a  very 
low  mortality,  original  significant  effect  of 
Calphos  applied  in  the  planting  hole  was  not  as 
consistent  11  and  18  years  after  treatment  as  it 
was  during  the  initial  four  years.   Yet, 
application  of  6  oz.  of  Calphos  to  soil  surface 
and  3  oz.  or  6  oz.  of  Calphos  in  the  planting  hole 
produced  10%  -  20%  increase  in  basal  area,  total 
volume  and  merchantable  cordwood  volume  18  years 
after  treatment. 
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BOTTOMLAND  HARDWOOD  FERTILIZATION—THE  STONEVILLE  EXPERIENCE- 

2/ 
John  K.  Francis- 


Abstract. — A  number  of  fertilization  experiments  have 
been  conducted  in  plantations  of  cottonwood,  sweetgum,  and 
sycamore  and  in  natural  stands  of  oak  and  sweetgum.  Re- 
sponses to  nitrogen  or  nitrogen  +  phosphorus  have  been  ob- 
tained more  frequently  in  stands  established  on  old  fields 
than  on  undisturbed  sites.  Accelerated  growth  was  maintained 
only  a  year  or  two. 


l\ 


INTRODUCTION 


COTTONWOOD  STUDIES 


The  hardwood  surplus  is  not  permanent. 
Every  demand  projection  shows  increased  use  of 
wood  products  in  the  future.   Much  forest  land 
continues  to  be  withdrawn  for  uses  other  than 
timber  production.   Unless  technology  brings 
forth  inexpensive  alternatives  to  the  many  uses 
of  hardwoods,  tight  supplies  and  higher  prices 
will  be  the  eventual  result.   The  wood  supply 
crunch  may  bring  into  use  management  techniques , 
such  as  fertilization,  that  usually  have  been 
too  expensive.   Potentially,  fertilization  could 
accelerate  growth  so  that  rotations  would  be 
shortened,  and  thus  more  hardwood  timber  could 
be  harvested  per  acre  of  commercial  forest. 

Over  the  last  25  years  in  Stoneville, 
Mississippi,  20  studies  were  conducted  by  USDA 
Forest  Service  scientists  to  evaluate  the  re- 
sponse of  bottomland  hardwoods  to  fertilization. 
Nitrogen  (N) ,  phosphorus  (P) ,  potassium  (K) ,  and 
lime  were  applied  to  natural  stands  and  to  plan- 
tations in  various  combinations  and  at  different 
rates.   I  shall  summarize  the  results  of  these 
studies  and  comment  on  their  relevance  to 
bottomland  hardwood  management. 


—  Paper  presented  at  Third  Biennial 
Southern  Silvicultural  Research  Conference, 
Atlanta,  Georgia,  November  7-8,  1984. 

2/ 

—  Principal  Soil  Scientist,  Southern  Hard- 
woods Laboratory,  maintained  at  Stoneville, 
Mississippi,  by  the  Southern  Forest  Experiment 
Station,  USDA  Forest  Service,  in  cooperation 
with  the  Mississippi  Agricultural  and  Forestry 
Experiment  Station  and  the  Southern  Hardwood 
Forest  Research  Group. 


Four  greenhouse  studies  pointed  to  thth 
sibility  of  responses  of  cottonwood  to  ferlri| 
in  the  field.   The  first,  a  solution  cultuiui 
study,  demonstrated  as  much  as  5.5  feet  oft 
growth  from  seed  in  9  weeks  (Bonner  and  Brc 
1967).   Normal  growth  in  soil  for  this  peril 
might  be  10  inches.   The  greatest  dry  weigh 
accumulated  with  solution  concentrations  oil 
ppm  N,  75  ppm  P,  and  100  ppm  K.   Minimum  fcf. 
nutrient  concentration  for  "good"  growth  wa« 
3.0%  N,  0.3%  P,  and  1.2%  K.   The  best  growt«fl 
curred  with  4.2%  N,  0.7%  P,  and  3.0%  K.   In' 
pot  studies,  cottonwood  planted  in  fertile  "i 
vial  soils  (Commerce,  Sharkey,  Adler,  and  C  i  ;nt! 
from  the  Mississippi  River  floodplain  eitheid 
not  respond  or  responded  little,  even  to  hi; 
rates  of  N,  P,  or  K.   Cottonwood  in  a  Coast 
Plain  alluvial  soil  (Bibb)  having  low  natur 
fertility  responded  with  500%  to  800%  incre  •.' 
in  total  weight  to  lime  or  lime  +  complete  i  i- 
lizer  (N,  P,  and  K)  but  not  to  complete  fer  : 
lizer  alone  (Blackmon  and  Broadf oot  1969) . 

Foliar  nutrient  levels  from  the  above 
studies,  from  fertilizer  trials  on  plantatl i 
and  from  natural  stands  growing  on  good  and  [■ 
sites  are  summarized  in  table  1.   These  dat  ^c 
to  confirm  the  previously  established  thres:  t 
level  of  2.0%  for  N  (White  and  Carter  1970)  t 
are  not  complete  enough  to  establish  critic.  1 
levels  of  P  and  K. 


In  eight  studies,  some  with  multiple  ti 
fertilizer  was  applied  to  cottonwood  in  plai 
tions.  Soils  represented  were  Commerce,  Coi 
Sharkey,  and  Urbo.  Rates  of  N  used  ranged  i 
zero  to  600  lb/acre.  The  N  source  used  in  c 
these  studies  was  NH4NO3.  In  some  of  the  si 
P  and  K  were  added  to  a  treatment,  and  in  or 
study  a  lime  treatment  was  included.  The  mc 
portant  cause  of  success  or  failure  of  a  tr« 
was  site  history.   Of  the  nine  fertilizer  ti 
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Table  1. — Representative  foliar  nutrient  levels  from  cottonwood 
in  several  fertilizer  experiments. 


Stand  description 


Soil 
series 


Treatment 

N-P-K 


Natural  stand 
(large  trees) 

Solution  culture 


Potted 


Plantations 
(avg.  2-,  3-,  & 
4-yr-old) 


Plantation 
(6-yr-old) 

Plantation 
(7-yr-old) 

Plantation 
(10-yr-old) 


Commerce 

- 

1.6 

/o 

0.13 

0.84 

Sharkey 

- 

1.6 

.12 

.85 

- 

25 

ppm-50  ppm-100 

ppm 

2.4 

.65 

2.90 

- 

100 

ppm-75  ppm-100 

ppm 

4.3 

.70 

3.20 

- 

100 

ppm-50  ppm-  50 

ppm 

3.9 

.70 

1.95 

Commerce 

Control 

1.4 

.16 

1.79 

Commerce 

100  lb/ac-50  lb/ac-100  Ib/ac 

2.2 

.21 

1.95 

Sharkey 

Control 

1.7 

- 

- 

Sharkey 

300  lb/ac-0-0 

2.1 

- 

- 

Commerce 

Control 

2.0 

- 

- 

Commerce 

300  lb/ac-0-0 

2.4 

- 

- 

Commerce 

Control 

1.6 

.18 

- 

Commerce 

150  lb/ac-0-0 

2.2 

.17 

- 

Commerce 

Control 

1.4 

- 

- 

Commerce 

150  lb/ac-0-0 

2.1 

- 

- 

Convent 

Control 

1.3 

- 

- 

Convent 

150  lb/ac-0-0 

1.7 

_ 

_ 

I  lantations  established  in  sites  recently 
.(red  from  forest,  only  one  showed  a  signifi- 
II,  response  to  fertilizer.   Plantations  on  old 
.fds  fared  considerably  better;  in  three  of 
)i  trials,  significant  growth  increases  were 
ic'rded.   The  greatest  responses  occurred  on 
Kimedium-textured  Commerce  and  Convent  soils. 
i*iold-field  plantations  grew  slowly,  and  ferti- 
.iition  stimulated  them  briefly  to  perform  simi- 
tiJy  to  trees  on  cleared  sites.   Cottonwood  in 
iffirst  year  on  Urbo,  a  Coastal  Plain  alluvial 
i;i  (pH  4.5),  did  not  respond  to  added  N  or  P 
itdid  respond  significantly  to  3  tons  of  lime 
iiiacre.J^/  Benefit  was  not  derived  from  the 
Iction  of  P  or  K  in  any  of  the  trials.   The 
!s|  rates  of  N  fertilizer  were  150  or  300 
•ijcre. 

The  significant  increases  in  diameter  growth 
Mined  in  these  experiments  ranged  from  26%  to 
'<  200%.   However,  responses  were  short-lived. 
>f  of  the  benefit  was  obtained  in  the  first  year 


after  treatment.   Apparently,  enhanced  growth  did 
not  occur  in  the  third  year  after  fertilization. 
(Even  though  growth  returns  to  normal,  the  volume 
advantage  remains  with  the  fertilized  trees.) 
Blackmon  (1977b)  reported  that  fertilizer  treat- 
ments of  84  to  672  kg  N/ha  produced  from  0.15  m3 
to  0.03  m3  of  additional  wood  per  kilogram  of  N 
applied.   This  translates  to  1  lb  of  N  producing 
an  additional  60  lb  of  wood  at  the  lowest  rate 
and  12  lb  of  wood  at  the  highest  rate.   An  8-year- 
old,  slow-growing  cottonwood  plantation  in  another 
experiment  contained  73  lb  of  N  in  14  tons  of  dry 
mass  of  the  trees,  including  roots. ,^'  Assuming 
the  same  N  concentration,  the  additional  wood  and 
supporting  tissue  produced  for  each  pound  of  N 
would  contain  only  0.15  and  0.03  lb  of  N  for  the 
low  and  high  treatments.   Thus  efficiency  of  N 
use  for  this  experiment  ranged  from  about  3%  to 
15%. 

The  treatments  in  the  Stoneville  experiments 
were  mostly  applied  in  April  and  early  May. 


3/ 

—  Blackmon,  B.  G.   The  effect  of  fertilizer 

iclime  on  an  eastern  cottonwood  plantation  on  a 
>;tal  Plain  alluvial  site.   Study 
l-'0-llll-2.15.   Data  on  file  at  Southern  Hard- 
>(s  Laboratory,  Stoneville,  Mississippi.   1979. 
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—  Francis,  John  K.   Characterization  of 

biomass  and  nutrient  accumulation  in  a  developing 
eastern  cottonwood  plantation.   Study 
FS-SO-1110-43.   Data  on  file  at  Southern  Hard- 
woods Laboratory.   1981. 


Research  conducted  by  Crown  Zellerbach  Corpora- 
tion in  the  same  area  suggests  that  better  re- 
sults could  be  obtained  by  fertilizing  in  March 
(Crown  Zellerbach  1973).   Blackmon  (1977a)  found 
that  plantation  cottonwood  are  more  likely  to 
respond  at  4  years  old  than  at  younger  ages. 


OTHER  SPECIES 

Cherrybark  oak  seedlings  grown  in  liquid 
culture  achieved  their  best  growth  from  100  ppm 
N,  5-25  ppm  P,  and  50-100  ppm  K  in  solution.^/ 
Sycamore  planted  in  pots  containing  a  sandy  loam 
Coastal  Plain  soil  were  treated  with  various 
rates  of  N,  P,  K,  and  lime.   Phosphorus  at  rates 
of  25  and  100  lb/acre  caused  a  250%  increase  in 
height  growth.   Potassium  had  no  effect.   Lime 
and  N  caused  slight  growth  reductions .".'   In  a 
contrasting  example,-  sycamore  recently  planted 
on  a  Coastal  Plain  alluvial  soil  were  treated 
with  N,  P,  and  lime.   Heights  at  the  end  of  the 
first  growing  season  were  significantly  in- 
creased (29%)  by  150  lb  N/acre.   Lime  at  4,000 
lb/acre  increased  growth  when  applied  with  N, 
but  not  alone.   Phosphorus  did  not  increase 
growth  at  any  of  the  rates  tried .Z'   The  reason 
for  the  difference  in  response  of  the  two  soils 
is  unknown  but  presumably  relates  to  nutritioncl 
differences. 

Dominant  willow  oak  in  a  green-tree 
reservoir  were  fertilized  in  2  consecutive 
years  with  a  complete  fertilizer  (8-24-24)  in 
a  30-foot-diameter  circle  around  their  trunks 
at  a  rate  of  1,000  lb/acre.   Radial  growth  in- 
creased by  32%  over  a  4-year  period.   Produc- 
tion figures  indicated  an  increase  in  acorns. 


—  Blackmon,  B.  G.   Cherrybark  oak  nu- 
trition.  I.   Response  of  seedlings  to  N,  P, 
and  K  in  solution  culture.   Establ.  and  Final 
Rep.  FS-SO-1111-2.4.   Data  on  file  at  Southern 
Hardwoods  Laboratory.   1973. 

—  Blackmon,  B.  G.   American  sycamore  nu- 
trition.  I.   Soil  fertility  requirements  on 
an  alluvial  soil  of  the  Coastal  Plains. 
Establ.  and  Final  Rep.  FS-SO-1111-1.4.   Data 
on  file  at  Southern  Hardwoods  Laboratory. 
1972. 

—  Blackmon,  B.  G.   American  sycamore  nu- 
trition.  II.   Response  of  plantations  on 
Coastal  Plain  alluvium  to  additions  of  N,  P, 
and  lime.   Final  Rep.  FS-SO-1111-1.15.   Data 
on  file  at  Southern  Hardwoods  Laboratory. 
1977. 


although  the  counts  were  not  thought  to  be 
reliable. °.' 


A  20-year-old,  naturally  regenerated  st 
of  sweetgum,  willow  oak,  and  water  oak  on  ai 
field  (Tunica  soil)  was  treated  at  various  i 
with  N  and  an  N-P-K  fertilizer.   The  fertilj 
was  applied  each  April  for  5  years.   All  fei 
lizer  treatments  increased  the  diameter  and 
height  of  both  sweetgum  and  oak  (Broadfoot  1)1 
Greatest  diameter  growth  was  obtained  with  3) 
lb  N/acre.   During  the  next  5-year  period,  ij 
which  no  fertilizer  was  applied,  the  previous 
treated  plots  grew  no  faster  than  the  contro 
Two  more  fertilizer  treatments  were  applied 
the  same  rates  (stand  ages  30  and  35) ,  but 
without  effect. 


piipal 
ntii 


Sweetgum  in  pots  of  Sharkey  clay  soil  r  i- 
ceived  treatments  of  250  lb  N/acre,  100  lb 
P/acre,  250  lb  K/acre,  or  combinations  of  N,^J  jjsoi 
and  K.  Seedlings  in  pots  with  N-P  or  N-P-K  } 
better  than  either  the  control  or  seedlings  iBiliii 
any  single  nutrient.  A  single  fertilizer  tr(i!  iwrl 
ment  (N-P-K  formulated  at  the  above  rates)  w.vf 
applied  to  the  old-field  sweetgum  stand  froni'i 
which  the  Sharkey  soil  was  obtained.  After  f 
years,  the  pole-sized  stand  was  thinned  and  i 
fertilized.  N  and  P  were  used  this  time,  pliJs 
Mg,  Zn,  Cu,  and  B.  Two  years  later,  the  stard  gn 
was  measured.  Average  height  growth  for  the  4 
years  of  the  experiment  was  not  signif icantlji 
affected  by  the  treatments.  Average  diameteis 
growth  was  greater  for  treated  plots,  0.30 
inch/year  versus  0.24  inch/year  for  paired 
controls.  Foliar  data  indicate  that  N  may  halt 
been  responsible  for  the  difference. x.' 


noc 


Ml 


Five-year-old  sweetgum  planted  on  Henry  » 
soil  (an  old  field)  were  fertilized  in  March  h 
with  250  lb  N/acre,  150  lb  P/acre,  N  +  P,  or 
nothing  (control) ,  The  trees  responded  to  N  i 
N  +  P  (but  not  to  P  alone)  with  increased  hei  t 
and  diameter  growth  and  crown  expansion.  Ac- 
celeration of  growth  lasted  just  1  year.  Thr  e 
years  after  fertilization,  trees  that  had  re- 
ceived N  +  P,  the  best  treatment,  contained  6l  ? 
more  dry  weight  than  trees  in  the  control  tre:  t 
ment  (Ku  et  al.  1981). 

In  the  last  study,  wood  ash  was  tested  a; 
fertilizer  alone  and  in  combination  with  N. 
(Wood  ash  from  wood-waste  burning  boilers,  cui  • 
rently  a  waste  product,  is  a  useful  liming  agf  i 


8/ 

—  Blackmon,  B.  G.   Fertilization  of 

willow  oak  for  mast  production  in  a  green-tree 

reservoir.  Final  Rep.  FS-SO-1111-2. 7 .   Data 

on  file  at  Southern  Hardwoods  Laboratory. 
1979. 

9/ 

—  Francis,  John  K.   Fertilization  of 

sweetgum  on  an  old-field  soil.   Final  Rep. 
FS-SO-1110-46.   Data  on  file  at  Southern  Hard- 
woods Laboratory.   1981. 
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Ijcontains  about  4%  K  and  small  amounts  of  many 
3  ler  nutrients.)   Rates  used  were  2,000  lb 
a.'Vacre  and  200  lb  N/acre.   These  treatments 
rfie  applied  to  a  cottonwood  plantation  on  Com- 
nilce  soil,  a  sycamore  plantation  on  Erno  soil, 
atural  bottomland  hardwood  stand  on  Alligator 
1,  and  a  natural  hardwood  stand  on  Loring 
1.  None  of  the  stands  grew  better  as  a  result 
the  wood  ash  or  nitrogen.   Potassium  was  not 
icient  except  possibly  on  the  Erno  soil,  where 
t^   sycamore  were  also  growing  poorly  because  of 
1  physical  problems  associated  with  a 
gipan.Ji2' 


DISCUSSION 

Generally,  alluvial  soils  of  the  South,  the 
))lncipal  habitat  of  bottomland  hardwood  species, 
111  nutritionally  sound.   These  are  normally 
^(!ng  soils  derived  from  sediment  of  diverse 
)(jrces.   Vegetation  and  organic  matter  help 
ac|ntain  nutrient  reserves  at  relatively  high 
II  nearly  stable  levels.   When  bottomlands  are 
ared  and  farmed,  not  only  are  nutrients  re- 
ed in  the  crops,  but  most  of  the  organic 
ter  quickly  disappears,  together  with  the  ni- 
gen  it  held.   Our  research  at  Stoneville  has 
wn  a  high  probability  of  response  from  the 
tilization  of  plantations  or  natural  regener- 
on  occurring  on  old  fields.   Our  experience 
o  suggests  that  sites  that  have  never  been 
tivated  are  less  likely  to  respond  to 
tilizer. 

Species  in  natural  stands  more  than  a  few 
(l|rs  old  have  been  through  rigorous  competition 

,  by  virtue  of  their  survival,  are  usually 
nU  adapted  to  local  soil  conditions.   This  may 
u\   be  true  in  plantations  where  competition  is 
:<!trolled.   Off -site  and  slow-growing  planta- 
::jns  might  sometimes  be  saved  by  fertilization. 
Letter  approach,  however,  is  to  plant  species 
iify  on  sites  where  they  will  do  well  without 
c'ensive  amendments.   A  measured  high  site  index 
-jja  good  assurance  of  site  adaptability  by  a 
ijicies.   Where  site  indexes  cannot  be  determined 
l:'ectly,  soil-site  evaluation  systems  may  be 
tilled  (Baker  and  Broadfoot  1979,  Broadfoot 
•16)  . 

In  one  of  our  most  successful  fertilizer 
als  on  old-field  cottonwood  (Blackmon  1977a) , 
to  600  lb  N/acre  resulted  in  1.5  to  6  cords/ 
i«e  of  additional  standing  volume  in  2  years' 
[J'wth.   With  current  pulpwood  stumpage  at  less 
:l'jn  $8/cord,  that  response  would  not  even  pay 
'4   the  cost  of  the  fertilizer. 


—  Francis,  John  K.   Response  of  southern 
i.'dwoods  to  wood  ash  and  nitrogen.   Final  Rep. 
':!s0-1110-50.   Data  on  file  at  Southern  Hard- 
ds  Laboratory.   1983. 


Twenty  studies  cannot  answer  all  the  ques- 
tions that  might  be  asked  about  best  rates  of 
fertilizer  and  how  to  predict  where  a  response 
would  occur  and  its  magnitude.   Nor  do  they  give 
us  the  confidence  we  need  to  recommend  fertili- 
zation.  In  fac»:,  much  of  the  evidence  indicates 
that  this  expensive  practice  is  unnecessary  in 
the  bottomland  hardwoods  except  in  special  cir- 
cumstances.  Fertilization  of  bottomland  hard- 
woods certainly  remains  in  the  research  stage. 
Identifying  those  special  circumstances  where 
response  will  justify  investment  should  be  the 
continuing  mission  for  research. 
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INFLUENCE  OF  VARIOUS  ECONOMIC  COMPONENTS  ON 

THE  PROFITABILITY  OF  MIDROTATION  FERTILIZATION 

2/ 
Duane  R.  Dippon  and  Kenneth  R,  Munson 


1/ 


Abstract. — As  a  forest  stand  matures  nutrients  are 
removed  from  the  soil  and  stored  in  the  standing  biomass. 
Over  much  of  the  lower  coastal  plain  of  the  southeast  U.S., 
this  often  leads  to  midrotation  deficiencies  of  several 
nutrients,  most  notably  nitrogen  and  phosphorus.  Fertiliza- 
tion at  this  time  frequently  results  in  additional  growth. 
This  paper  investigates  the  effect  of  various  economic 
components  on  the  profitability  of  midrotation  fertilization 
of  slash  pine.  Results  show  that  profitability  is  sensitive 
indirectly  to  site  types,  and  directly  to  regeneration  and 
management  costs,  tax  treatments,  interest  rates  and  most 
importantly  product  type.  More  often  than  not  it  is  the 
combination  of  increased  growth  rate  and  movement  of  this 
volume  into  higher  valued  stumpage  classes  which  determines 
whether  midrotation  fertilization  is  profitable. 


INTRODUCTION 

The  practical  consideration  of  any  forest 
rilization  program  is  one  of  profitability. 
l>s  profitable  by  some  economic  standard,  such 

ate  of  return,  forest  fertilization  is  not 
k.y  to  be  a  viable  management  activity.  To 
i  end,  Dippon  and  Shelton  (1983)  evaluated  the 
omics  of  a  series  of  semimature  slash  pine 
Lis  elliotii  var.  elliotii  Englem)  fertiliza- 
Di  trials  maintained  by  the  Cooperative  Research 

lirest  Fertilization  (CRIFF,  University  of 
o;da)  program.  They  concluded  that  the 
otability  of  a  fertilizer  treatment,  as 
aired  by  rate  of  return,  varies  by  soil  type, 
vitment  period  and  the  mixture  of  merchantable 
ocjicts. 

As  with  any  economic  analysis,  several 
slptions  must  be  made  concerning  reforestation 
St,  annual  management  fees,  fertilizer  costs 
d  ax  treatments  for  various  activities. 
SLDtions  used  by  forest  industry,  where  much  of 
e  orest  fertilization  has  centered,  are  often 
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not  applicable  (or  available)  to  the  non- 
industrial  private  forest  (NIPF)  owner.  Since 
over  half  of  the  forestland  in  the  South  is 
controlled  by  NIPF  owners,  it  seems  necessary 
that  procedures  are  developed  to  assist  these 
owners  in  making  forest  fertilization  decisions. 

In  evaluating  fertilizer  response  data, 
Dippon  and  Shelton  (1983)  point  out  that  volume 
growth  alone  doesn't  tell  the  whole  story.  More 
importantly  is  the  change  in  diameter  class 
distribution  within  a  stand,  since  the  relative 
value  of  a  unit  of  wood  increases  with  tree 
diameter.  To  improve  the  sensitivity  of  response 
data  analysis,  Mollitor  et  al.  (1985,  these 
proceedings)  have  developed  a  mathematical  model 
for  use  in  evaluating  changes  in  diameter 
distribution. 

The  purpose  of  this  paper  is  to  merge  the 
model  developed  by  Mollitor  et  al.  (1985)  with 
economic  variables  pertinent  to  the  NIPF  owner, 
and  illustrate  the  influence  these  economic 
components  exert  on  profitability  of  forest 
fertilization. 


APPROACH 

Fertilizer  response  data  used  in  this 
analysis  were  obtained  from  trials  established 
in  semimature  (15  to  18  years  of  age)  slash  pine 
as  described  in  detail  by  Mollitor  et  al.  (1985, 
these  proceedings).  One  representative  trial 
from  each  of  six  CRIFF  soil  groups  will  be  used 
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in  the  analysis  (Table  1).  A  brief  summary  of 
the  CRIFF  soil  groups  is  presented  in  Table  2; 
more  detail  can  be  found  in  Kushla  and  Fisher 
(1980).  Modeling  of  growth  response  by  change 
in  diameter  class  distribution  was  accomplished 
using  a  three-parameter  Weibull  probability 
function  described  by  Mollitor  et  al.  (1985, 
these  proceedings). 


Table  1. — CRIFF  fertilization  trials  used  for  the 
economic  evaluation  of  growth  response  in 
semimature  slash  pine. 


CRIFF 

AGE 

SOIL 

AT 

DATE 

TEST 

LOCATION 

GROUP 

ESTAB. 

FERT. 

B150 

Chatham  Co.,  GA 

B 

15 

6/73 

B202 

Wayne  Co.,  GA 

D 

16 

74 

B219 

Baldwin  Co. ,  AL 

E 

15 

4/74 

B22A 

Hamilton  Co. ,  FL 

C 

9 

4/74 

B227 

Gulf  Co.,  FL 

A 

13 

4/74 

B230 

Madison  Co. ,  FL 

G 

13 

6/74 

Table  2. — Brief  CRIFF  soil  group  definitions. 


SOIL    MAJOR 
GROUP  LAND  AREA 

A   Savannas 


B   Savannas 


DRAINAGE  IMPORTANT  FEATURES 


Very  Poor 
To  Poor 


Very  Poor 
To  Poor 


C   Flatwoods   Poor 


D   Flatwoods 


E   Uplands 


F   Uplands 


Poor  to 
Moderate 


Moderate 
to  Well 


Moderate 
to  Well 


G   Sandhills   Excessive 


H   Depressions  Very  Poor 


Sandy  surface  horizon 

less  than  20  inches 

deep  with  clayey  soil 

below. 

Sandy  surface  horizon 

greater  than  20 

inches  deep  with 

clayey  soil  below. 

Spodic  horizon  below 

the  surface  horizon, 

clayey  soil  below  the 

spodic. 

Spodic  horizon  below 

the  surface  horizon, 

sandy  soil  below  the 

spodic. 

Sandy  surface  horizon 

less  than  20  inches 

deep,  with  clayey 

soil  below. 

Sandy  surface  horizon 

greater  than  20 

inches  deep,  with 

clayey  soil  below. 

Sandy  surface  horizon 

at  least  60  inches 

deep. 

High  in  decomposing 

plant  residues. 


Economic  analysis  of  the  growth  response, 
expressed  in  terms  of  Present  Value  (PV),  wa 
performed  using  the  following  assumptions: 

Regeneration  Costs  -   $100/acre 
Taxes  and  Administration  -   $5/acre 
Nitrogen  =  $0.35/lb.* 
Phosphorus  =  $0.70/lb.* 
Uninflated  Discount  Rate  =  0.05 

♦(Material  plus  application  cost) 


Product  Class  DBH  Range  (in)*  Price/C(  i» 


Pulpwood 

Chip-n-saw 

Sawtimber 


4.51  -  6.5 

6.51  -  10.5 
10.51+ 


$32 
$53 
$65 


*  (Merchantable  volume  inside  bark,  2  i 

top) 
**  (From  mid-1984  issue  of  Timber  Mart 
South,  Florida  area) 


Present  Value  calculation  is  for  the  aci ; t 
the  year  of  fertilization; 

Assume  all  tests  were  treated  in  the  sanr ; 
calendar  year. 


These  assumptions  are  used  in  the  Results  sec . 
of  this  paper;  variations  of  several  componen 
are  used  in  the  Sensitivity  Analysis  section. 
Also,  the  analysis  does  not  consider  land 
acquisition  costs. 

The  principal  shortcoming  of  this  proced i 
is  that  the  growth  response  predictions  are  b ;: 
on  only  three  data  points:  3,  5,  and  8  years 
after  treatment.  A  more  confident  estimate  o 
duration  and  magnitude  of  response  would  be 
possible  with  annual  measurements  for  10  to  1 
years  after  treatment.  As  it  is  though,  we  c(i 
still  examine  how  time  affects  the  fertilizer) 
investment  realizing  that  extrapolations  beyorti 
the  8th  year  results  are  somewhat  risky. 


i 


RESULTS 


m 


The  real  issue  here  is  not  simply  whethe:< 
forest  fertilization  pays,  but  rather  how  we 
should  analyze  this  activity  so  as  to  maximizti 
profits.  The  response  of  a  stand  to 
fertilization  depends  on  site,  stand  age  and  ' 
density,  fertilizer  material  applied  and  time* 
From  an  economic  standpoint  it  is  necessary  ttl 
evaluate  the  magnitude  and  duration  of  increas* 
growth  and  the  nature  of  that  growth  (i.e.,  irt 
which  product  classes  the  growth  occurs)  relald 
to  regeneration  and  annual  management  costs,  c 
of  fertilization,  interest  rates,  stumpage  prJ! 
and  tax  treatments.  The  assumptions  used  in  1 
section  of  the  paper  were  presented  earlier. 
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Of  the  biological  factors  mentioned  above, 
te  type  is  the  most  important  component 
;f acting  growth  response  (assuming  an  adequately 
locked  stand  exists  on  the  site).  For  this 
iason  the  results  of  our  analysis  will  be 
tegorized  according  to  the  CRIFF  soil  groups. 
r  each  group,  with  the  exception  of  F  and  H, 
;|ree  figures  will  be  presented  from  a  single 
:J5t  within  each  soil  group.  The  first  figure 
ill  compare  the  total  volume  per  acre  for  four 
ijSatments:  control  (non-fertilized),  200  lbs 
>i3cre,  200  lbs  P/acre,  and  200  lbs  N  +  100  lbs 
•iacre.  The  second  figure  compares  the  present 
/|Lue/acre  of  each  treatment  up  to  10  years  after 
;;atment.  The  third  figure  shows  the  change  in 
/lume  by  product  class  for  the  control  and  N  +  P 
:;atment  in  the  third,  fifth  and  eighth  year 
i'ler  treatment. 

The  analysis  for  soil  group  A  is  presented 
.  Figures  1-A,  B  and  C.  The  addition  of  N 
;jsed  a  slight  linear  increase  in  growth, 
/;reas  P  resulted  in  the  primary,  non-linear 
jowth  response.  The  profitability  of  fertili- 
v.ion  in  this  case  is  clear:  no  fertilizer  or 
;f  addition  of  N  alone  did  not  produce  a 
rchantable  stand.  In  contrast,  addition  of  N  + 
^)T  P   alone  resulted  in  an  increase  in  PV  above 
:ifo,  although  this  did  not  occur  until  7-8  years 
iier  treatment.  The  PV  of  the  latter  two 
^i'atments  is  still  increasing  after  10  years. 
n;  value  increase  is  due  to  greater  volume  in 
;lj  pulp  and  chip-n-saw  product.  The  non- 
'([tilized  treatment  had  no  volume  in  diameter 
;;jsses  greater  than  6  inches.  Obviously, 
Vtilization  with  N  +  P  or  P  is  essential  to 
induction  of  a  merchantable  stand  on  these  soils. 

The  evaluation  for  soil  group  B  is  presented 
LffFigures  2-A,  B  and  C.  The  volume  peak  at  age 
r.{Zh   is  presumably  an  artifact  of  having  only 
:\^e   real  data  points  at  2,  5  and  8  years  after 
:]atment.  One  would  expect  that,  on  these  soils 
3r  with  the  given  treatments,  volume  growth 
5huld  still  be  increasing  but  at  a  slower  rate 
:l'n  the  first  5-6  years  after  treatment.  Taking 
:h  model  predictions  at  face  value,  however, 
sigests  that  the  maximum  PV  was  attained  by  N  or 
•i    P   7-8  years  after  treatment.  No  treatment 
va  more  profitable  than  the  control  until  after 
3  ears  following  treatment.  The  profitability 
va  due  to  a  gradual  increase  in  chip-n-saw  and 
sotimber  products. 

i  The  analysis  of  soil  group  C  is  presented  in 
"i'jres  3-A,  B  and  C.  Total  volume/acre 
Lrf eased  linearly  for  all  treatments,  with  N 
shaving  greater  importance  than  P.  All 
^-reatments  were  profitable  by  4-5  years  after 
aplication,  with  the  rate  of  increase  decreasing 
||i^   time.  Although  volume  growth  was  greatest 
ni[}   N  +  P  together,  the  most  profitable 
tratment  was  N  alone.  The  increase  in  value  was 
lajely  a  result  of  volume  growth  in  the 
:h)-n-saw  product  class.  Considering  the  risk 
in)lved,  fertilizing  C-group  soils  with  P  alone 
tio.d   not  be  a  good  investment  decision. 


TOTAL  VOLUME  PER  ACRE 

TEST  8227 


t5 


PRESENT  VALUE/AGE   OF  TREATMENT 


t5 


1.7 
1.6 
1.5 
1.4 
1.3 
1.2 


0.9 
0.8 
0.7 
0.6 
0.5 
0.4 
0.3 
0.2 
0.1 


VOLUME    BY   PRODUCT   CUVSS 

TEST  B227   -   CONTROL  VS.   TREATED  200/100 


r>xTi 


^ 


^ 


//. 


16C  16T 

tTV]    PULP 


STAND  AGE 

rr^    CNS  ^2    SAWTIMBER 


Figure  l.~(A)  Total  volume  per  acre,  (B)  present 
value,  and  (C)  volume  by  product  class  for  Test 
B227,  CRIFF  soil  group  A. 
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TOTAL  VOLUME    PER   ACRE 

TEST  81  50 


ti5 


TOTAL   VOLUME    PER   ACRE 

TEST  B224 


ON/OP 


200/0 


STAND  AGE 

•   0/100 


200/100 


200/100 


PRESENT  VALUE/AGE  OF  TREATMENT 

TEST  B150 


PRESENT  VALUE/AGE   OF  TREATME 

TEST  8224 


ON/OP 


STAND  ACE 

•        0/100 


200/100 


ON/OP 


STAND  ACE 
200/0  •        0/100 


VOLUME  BY  PRODUCT  CLASS 

TEST   B150   -   CONTROL  VS.  TREATED   200/100 


20C  20T 


23C  23T 


VOLUME  BY  PRODUCT  CLASS 

TEST  B224     ■   CONTROL  VS.   TREATED   200/100 


STAND  ACE 

1771     PULP  IV^     CNS  U7A     SAWTIMBER 


STAND  AGE 

[771     PULP  IV^     CNS  ^777X     SAWTIMBER 


Figure  2. — (A)  Total  volume  per  acre,  (B)  present 
value,  and  (C)  volume  by  product  class  for  Test 
B150,  CRIFF  soil  group  B, 


Figure  3. — (A)  Total  volume  per  acre,  (B)  prese  i 
value,  and  (C)  volume  by  product  class  for  Te  , 
B224,  CRIFF  soil  group  C, 
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The  evaluation  of  soil  group  D  is 
ilustrated  in  Figures  4-A,  B  and  C.  Volume 
rowth  increased  similarly  for  the  N  and  P 
Ireatments,  but  slightly  more  than  doubled  for 
Ihe  N  +  P  treatment  relative  to  the  control.  The 
ombined  increase  in  both  volume  and  product 
alue  made  the  N  +  P  treatment  the  most 
Irofitable  at  an  earlier  age  as  well  as  in 
jDsolute  value.  In  this  case  it  appears  that 
srtilization  with  N  +  P  is  the  only  treatment 
ith  prospects  for  a  good  payoff. 

The  soil  group  E  analysis  is  presented  in 
Lgures  5-A,  B  and  C.  The  N  and  N  +  P  treatment 
lowed  a  positive  and  more  or  less  linear  volume 
,;sponse  relative  to  the  control  and  P-only 
'jdition.  Despite  this  positive  growth  response, 
le  fertilizer  treatments  were  not  as  profitable 
:;  the  control  as  of  the  8th-year  measurement. 
18  model  suggests  (as  shown  in  5-B),  fiowever, 
lat  the  value  of  the  N  +  P  treatment  is 
hcreasing  at  a  greater  rate  than  the  other 
ireatments.  The  slight  increase  in  value  is  due 
(clusively  to  growth  in  the  chip-n-saw  product 
i.ass.  In  any  event,  an  investment  in  fertilizer 
)r  this  example  would  be  a  gamble;  certainly 
th  P  only  it  would  be  a  losing  proposition. 

The  model  projections  for  soil  group  G 
igures  6-A,  B  and  C)  show  a  positive, 
iiin-linear  response  to  all  fertilizer  treatments 
ijmpared  to  the  control.  Based  on  growth 
iisponse  alone,  one  might  initially  speculate 
jat  any  fertilizer  addition  to  these  soils  is  a 
liod  investment.  The  PV  comparison,  however, 
ills  a  different  story.  In  this  example,  the 
■'lue  of  a  22-year  old  stand  of  slash  pine  is 
•iiro  and  any  further  capital  input  only  lowers 
ije  PV.  The  obvious  conclusion  is  that  slash 
me  is  off-site  on  G-group  soils. 


TOTAL  VOLUME  PER  ACRE 


200/0 


200/100 


PRESENT  VALUE/AGE   OF  TREATMENT 

TEST  8202 


■       ON/OP 


♦        200/0 


STAND  ACE 

•       0/100 


200/100 


These  results  illustrate  the  variation  in 
ilume  growth  and  PV  for  fertilized  and  non- 
lirtilized  stands  on  six  different  site  types. 
[^  further  interest  is  the  sensitivity  of  an 
ebnomic  analysis  to  changes  in  some  basic 
e'onomic  assumptions.  This  will  be  the  topic  of 
tfi  following  section. 


SENSITIVITY  ANALYSIS 

Any  forest  fertilization  investment  has 
rsk.  For  the  A  and  B  group  soils  (wet 
Jvannas),  a  decision  to  fertilize  has  relatively 
Ittle  risk  relative  to  increased  value  over  a 
rp-fertilized  stand.  Similarly,  a  decision  not 
tj  fertilize  a  G  group  soil  (dry  sandhills)  has  a 
1*  risk  factor  since  few  studies  on  these  sites 
^ve  reported  significant  growth  responses.  The 
callenge  lies  in  predicting  the  profitability  of 
frtilizer  additions  to  the  C,  D,  E  and  F  soil 
cDups  where  relative  volume  response  to 
frtilizer  application  is  more  variable  than  for 
t?5  other  soil  groups. 


VOLUME  BY  PRODUCT  CLASS 

TEST  B202   -   CONTROL  VS.   TREATED   200/100 


STAND  AGE 
\Z7\     PULP  ES    CNS  ^2    SAWTIMBER 


Figure  A.— (A)  Total  volume  per  acre,  (B)  present 
value,  and  (C)  volume  by  product  class  for  Test 
B202,  CRIFF  soil  group  D. 
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TOTAL  VOLUME    PER  ACRE 

TEST  B230 


8  19 

ON/OP 


200/0 


STAND  ACE 

•        0/100 


200/100 


PRESENT  VALUE/AGE   OF  TREATMENT 

TEST  B219 


ON/OP 


200/0 


STAND  AGE 

•        0/100 


VOLUME    BY    PRODUCT   CLASS 

TEST  B219    -   CONTROL  VS.   TREATED   200/100 


1 


STAND  AGE 
CNS  Z^TTX     SAWTIM8ER 


Figure  5. — (A)  Total  volume  per  acre,  (B)  present 
value,  and  (C)  volume  by  product  class  for  Test 
B219,'CRIFF  soil  group  E. 


q:  • 

bJ-D 
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PRESENT  VALUE/AGE   OF  TREATMBf 

TEST  B230 


ON/OP 


VOLUME    BY    PRODUCT   CLASS 

TEST  B230   -   CONTROL  VS.  TREATED   200/100 


STAND  AGE 

[771     PULP  KS     CNS  ^a     SAWHMBER 


Figure  6. — (A)  Total  volume  per  acre,  (B)  presi ' 
value,  and  (C)  volume  by  product  class  for  T ? 
B230,  CRIFF  soil  group  G. 
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As  mentioned  earlier,  growth  response  must 
e  evaluated  along  with  various  economic 
omponents  in  order  to  assess  the  potential 
rofitability  of  fertilization.  Forest  industry 
as  financial  considerations  quite  different  than 
hose  of  the  NIPF  owner.  The  purpose  of  this 
ensitivity  analysis  is  to  illustrate  the 
influence  that  regeneration  and  management  costs, 
Interest  rates,  tax  treatment  and  product  type 
lave  on  the  value  of  a  fertilized  and 
jon-fertilized  stand.  Data  from  the  B202  Test 
iTable  1),  which  is  in  soil  group  D,  will  be  used 
in  this  analysis. 

The  first  step  is  to  consider  the  difference 
p  volume  growth  between  the  control  and  the 
Ihree  fertilizer  treatments  (N,  P,  N  +  P) . 
igure  7  shows  that  at,  for  example,  age  24  the  N 
nd  P  treatments  increased  volume  nearly  200 
jbic  feet,  while  N  +  P  produced  roughly  500 
Libic  feet  more  than  the  control. 


DIFFERENCE    IN   VOL/ACRE  ACCUMULATION 

TEST  B202 


DIFFERENCE   IN 


STAND  ACt 
0/0  &  0/100 


24  25  26 

•        0/0  ic   200/100 


iLgure  7. — Difference  in  volume  per  acre 
j  accumulation  between  the  control  and  fertilized 
« stand.  0/0  =  control,  0/100  =  100  lbs  P/acre, 
I  200/0  =  200  lbs  N/acre,  200/100  =  200  lbs  N  + 
: 100  lbs  P/acre. 


The  next  step  is  to  estimate  the  difference 
PV  between  the  control  and  treated  condition, 
make  this  comparison  we  used  the  cost  and 
tice  assumptions  presented  earlier.  Figure  8 
llustrates  that  either  of  the  three  fertilizer 
ceatments  increased  PV,  but  that  N  +  P  was 
fiperior  for  two  reasons.  First,  a  positive  PV 
'?  achieved  at  an  earlier  age  and,  second,  the 
flue   is  increasing  at  a  faster  rate  than  either 
le  P  or  N  treatments. 

Since  regeneration  and  annual  management 
)Sts  vary,  it  is  informative  to  consider  the 
ensitivity  of  a  PV  estimate  to  changes  in  these 
psts.  For  this  purpose  we  have  selected  three 
?alistic  regeneration/annual  management  cost 
:enarios  of  $120/$6,  $100/$5  and  $80/$4. 


PNW/ACRE   ACCUMULATION 

TEST  B202 


0/0  ic   200/0 


STAND  ACE 
0/0  tc  0/100 


0/0   &   200/100 


Figure  8. — Difference  in  present  value  between 
the  control  and  fertilized  stand.  Symbols 
refer  to  treatments  as  in  Figure  7. 


Figure  9-A  shows  the  change  in  PV  of  a  non- 
fertilized  stand  under  the  three  cost 
assumptions.  Important  to  note  is  that  the  PV 
curves  are  parallel'  and  peak  near  the  24th  year. 
Figure  9-B  shows  the  PV  change  if  the  stand  were 
fertilized  with  200  lbs  N  and  100  lbs  P.  The 
curves  are  also  parallel,  but  still  climbing  10 
years  after  treatment.  In  this  case,  fertili- 
zation enhanced  and  lengthened  the  economic  life 
of  the  stand.  This  also  illustrates  the  time 
value  of  money;  reducing  regeneration  costs  by 
$20/acre  can  yield  increased  profits  of  $75+  at 
harvest. 

The  influence  of  interest  rate,  or  discount 
factor,  on  the  PV  of  a  non-fertilized  (Figure 
10-A)  and  fertilized  stand  (Figure  10-B)  further 
illustrates  the  time  value  of  money.  There  are 
several  points  of  interest  in  common  to  both 
figures.  First,  the  curves  are  diverging  with 
the  PV  differential  increasing  with  time. 
Second,  as  the  discount  factor  increases,  the 
curves  peak  at  an  earlier  age.  Third,  there  is  a 
substantial  difference  in  PV  depending  on  the 
discount  factor  selected  for  the  analysis.  A 
comparison  of  Figures  10-A  and  B  shows  that 
fertilization  moves  the  peak  of  the  curve  roughly 
2  years  later.  Additionally,  the  change  in  PV 
due  to  fertilization  was  inversely  related  to  the 
discount  factor. 

Figure  10-B  indicates  that  the  interval 
between  fertilizer  application  and  harvest  age  is 
shortened  as  the  discount  factor  increases.  This 
is  an  important  consideration  when  deciding  on  a 
time  to  fertilize  relative  to  a  predetermined 
harvest  age.  This  analysis  shows  that  a  PV 
calculation  is  quite  sensitive  to  the  discount 
factor  assumption. 
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CHANGES    IN    COST  ASSUMPTIONS 


EFFECT  OF   INTEREST  RATES-! 


TEST  B202    -   CONTROL 


$120/$6 


STAND  AGE 
$100/$5 


900  -1 

TEST  B202  -  CONTPOL 

i 

800- 

A 

700  - 

Jl 

600  - 

^^^ 

500  J 

4O0  - 

300  - 

200- 

— 

■^ 

100- 

0  - 

19       20 

21       22       23 

24 

1—  -H 

25    2 

STAND  ACE 
■   2X      -f   SX 

• 

ax 

CHANGES    IN    COST  ASSUMPTIONS 
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Figure  9. — Influence  of  cost  assumptions  on  the 
present  value  of  an  (A)  non-fertilized  stand 
and  (B)  fertilized  stand  treated  with  200  lbs  N 
and  100  lbs  P  per  acre.  Cost  figures  indicate 
regeneration/annual  administration  assumptions. 


The  effect  of  taxation  on  a  fertilizer 
investment  is  shown  in  Figure  11.  In  this 
example,  taxes  were  paid  on  40%  of  the  profit 
(capital  gains)  and  a  50  percent  tax  bracket  was 
assumed.  The  four  curves  represent  the  control 
and  fertilized  (200  lbs  N  +  100  lbs  P)  before-tax 
values  and  the  after-tax  value  of  the  fertilized 
stand  with  the  fertilizer  capitalized  or 
expensed.  Three  years  after  fertilization  (stand 
age  16)  the  control  was  the  most  profitable 
investment.  By  age  21,  the  fertilized  stand, 
regardless  of  tax  treatment,  was  more  valuable 
and  peaked  at  a  later  age  relative  to  the 
control.  Ignoring  the  control,  the  before-tax 
curve  converges  with  the  after-tax  capitalized 
curve  at  age  24.  Thus,  the  benefit  of 
capitalizing  the  fertilizer  is  diminishing  with 
time.  The  after-tax  expensed  curve  is 
significantly  higher  (greater  PV)  and  later 
peaking  than  the  latter  two  curves.  Therefore, 


Figure  10. — Effect  of  interest  rates  on  the 
present  value  of  an  (A)  non-fertilized  stani 
and  (B)  fertilizeo  stand  treated  with  150  li : 
and  100  lbs  P  per  acre.  Symbols  refer  to 
interest  rates  (2,  5  and  8%). 


expensing  fertilizer  costs  has  the  clear 
advantage  over  capitalization. 

Of  key  interest  in  this  analysis  is  the 
sensitivity  of  PV  to  changes  in  product  type  cl 
associated  values.  No  attempt  is  made  to  var^ 
product  prices  per  se,  but  rather  to  show  the 
importance  of  merchandising  the  products.  Fie  J 
12  illustrates  the  change  in  PV  for  a  fertiliJ 
and  non-fertilized  stand  under  the  two  market!  i 
strategies.  Two  important  interpretations  car 
made.  First,  fertilizing  this  stand  and  valuii! 
the  volume  as  pulpwood  would  be  less  profitabl; 
than  not  fertilizing  at  all.  Second,  if  the 
stand  is  fertilized,  the  products  must  be 
merchandized  in  order  to  take  full  advantage  o 
the  profit  potential.  Thus,  if  an  NIPF  owner 
chooses  to  practice  forest  fertilization,  then 
plans  should  also  be  made  for  knowledgeable 
marketing  of  the  wood  products. 
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EFFECT   OF  TAXATION 

TEST  B202   -   CONTROL  VS.   TREATED   200/100 


BTV16 
Control 


Lijire  11. — Effect  of  tax  treatment  on  the 
('esent  value  of  a  non-fertilized  and 
irtilized  (200  lbs  N  and  100  lbs  P  per  acre) 
land.  BTV16  =  before  tax  value  at  age  16, 
/CV16  =  after  tax  value  at  age  16  with 
trtilizer  capitalized,  ATEV16  =  after  tax 
'lue  at  age  16  with  fertilizer  expensed. 


FFECT  OF   CHANGES    IN    PRODUCT  TYPES 

TEST  B202   -   CONTROL  VS.   TREATED   200/100 


Fertilized 


Lcre  12. — Effect  of  merchandising  on  the 
fesent  value  of  a  non-fertilized  and 
lirtilized  (200  lbs  N  and  100  lbs  P  per  acre) 
:^and.  All  Prod  =  all  products  merchandised, 
flp  =  volume  priced  as  pulpwood. 


CONCLUSION 

A  decision  to  engage  in  forest  fertilization 
is  a  dynamic  process.  It  should  incorporate  the 
best  biological  information  available  along  with 
practical  economic  assumptions  particular  to  an 
individual  landowner.  Forest  industry  is  driven 
by  unique  economic  conditions  quite  unlike  those 
of  an  NIPF  owner.  For  this  reason,  NIPF  owners 
must  be  informed  of  the  biological  and  economic 
factors  which  influence  the  profitability  of  a 
forest  fertilization  investment. 

^t  the  present  time,  we  must  rely  on  the 
biological  data  we  have  in  hand.  One  component 
of  this  paper  is  to  use  the  mathematical  model 
described  by  Mollitor  et  al.  (1985,  these 
proceedings)  to  better  describe  changes  in  tree 
diameter  class  in  response  to  fertilizer 
addition.  The  primary  thrust  of  this  paper  is  to 
illustrate  how  the  present  value  of  a  stand  can 
be  influenced  by  fertilization  as  well  as  some 
key  economic  components. 

When  predicting  present  value,  it  appears 
that  the  discount  factor  assumption  has  the 
greatest  influence  on  the  PV  estimate.  Based  on 
the  example  in  this  paper,  the  bottom  line  on 
profitability  lies  with  merchandising  of  the 
products.  While  many  individuals  already  have  an 
understanding  of  this  critical  point,  we  suspect 
that  many  do  not.  For  this  reason  it  is 
necessary  that  NIPF  owner  education  efforts 
emphasize  the  value  of  sound  forest  management 
and  marketing  strategies.  Increasing  NIPF  owner 
profits  may  well  provide  an  incentive  to  reinvest 
in  forestry. 
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FERTILIZER  PLACEMENT  IN  YOUNG  SLASH  PINE  PLANTATIONS  - 
A.  V.  Monitor  and  N. 


1/ 


2/ 
Comerford  — 


Abstract.  —  In  1971  and  1973  the  Cooperative  Research  in 
Forest  Fertilization  (CRIFF)  program  established  one  experi- 
ment in  Wayne  County,  Georgia  and  one  in  Franklin  County, 
Florida  to  compare  five  fertilizer  application  techniques  for 
newly  planted  slash  pine.  Placement  techniques  were:  (1) 
broadcast  after  planting,  (2)  broadcast  before  bedding,  (3) 
band  before  bedding,  (4)  band  after  planting,  and  (5)  spot 
treatment  of  individual  seedlings.  Fertilizers  used  were  (1) 
control,  (2)  concentrated  super  phosphate,  and  (3)  diaminonium 
phosphate.  After  ten  years,  both  sites  had  demonstrated 
phosphorus  responses  but  little  difference  in  response  due  to 
fertilizer  placement  or  material.  These  studies  suggest  that 
foresters  have  many  options  available  when  developing  a  phos- 
phorus fertilization  program  for  young  slash  pine  planta- 
tions . 


INTRODUCTION 


Dramatic  response  of  young  slash  pine  (Pinus 


elliottil  var.  elliottli)  plantations  to  phosphor- 
us (P)  fertilization  was  observed  on  wet  flats  in 
western  Florida  in  the  late  1950's  and  early 
1960's.  The  magnitude  of  these  responses  stimu- 
lated much  interest  in  the  use  of  P  fertilization 
as  a  standard  silvicultural  treatment.  It  was 
soon  determined  that  although  many  sites  respond 
favorably  to  P,  the  resonse  was  not  always  as  dra- 
matic as  on  the  coastal  savannas.  Aiming  to  de- 
velop forest  fertilization  technology  to  the  point 
that  it  would  enhance  fiber  production  on  a  wide 
variety  of  sites,  the  Cooperative  Research  in  For- 
est Fertilization  (CRIFF)  program  at  the  Univer- 
sity of  Florida  Initiated  several  series  of  exper- 
iments designed  to  examine  various  aspects  of 
young  stand  fertilization.  Including: 

-Application  rates  for  N  and  P, 
-Micronutrient  fertilization, 
-Potassium  fertilization, 
-Site  preparation  interactions, 
-N  and  P  sources, 
-Species  Interactions,  and 
-Application  timing. 


—  Paper  presented  at  Southern  Silvicultural 
Research  Conference,  Atlanta,  GA,  November  7-8, 
1984. 

2/ 

—  Corresponding  author:    A.   V.   Mollitor, 

Dept.  of  Forestry,  University  of  Florida,  Gaines- 
ville, FL  32611 


One  other  question  about  tlme-of-plantlng  fei(( 
zation  concerned  application  technique.  Wh«lii 
the  best  place  to  apply  fertilizers  in  a  newn 
pine  plantation?  Should  the  material  be  broict 
or  banded,  or  should  It  be  applied  to  indiili 
seedlings?  Should  it  be  applied  to  the  surfct 
Incorporated  into  beds? 

METHODS 


Two  experiments  were  installed  to  study  i 
lllzer  placement  in  young  slash  pine  plantatlD 


Test 


Location 


Soil  Subgroup 


Plft 


KOOl   Wayne  Co.  GA      Arenic  Paleaquult   0! 
K003  Franklin  Co.  FL   Arenic  Haplohumod   1 

At  each  location,  placement  and  fertilizer  t 
ments  were  applied  in  a  split-plot  design 
four  randomized  blocks.  Five  placement  treat  ii 
were  applied  to  main  plots  as  follows: 

A.  Fertilizers  broadcast  soon  after 
planting, 

B.  Fertilizers  broadcast  just  prior  to 
bedding, 

C.  Apply  in  4-foot  bands  just  prior  to 
bedding, 

D.  Apply  in  4-foot  bands  soon  after 
planting, 

E.  Spot-treat  individual  seedlings. 


I 
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Georgia  site  (KOOl),  was  bedded  in  September, 
At  the  Florida  site  (K003),  the  initial 
lization  was  conducted  in  October,  1972  and 
econd  fertiliziation  in  January,  1973.  Three 
lizer  treatments  were  applied  to  subplots: 

1.  Control, 

2.  Concentrated   superphosphate    (CSP) ,    and 

3.  Diammonium  phosphate    (DAP). 

were  adjusted  to  equalize  total  per-acre 
cation  rates  for  all  treatments.  Both  CSP 
OAP  treatments  supplied  40  lb.  P  per  acre. 
Iso  supplied  36  lb.  N  per  acre. 

;Tree  heights  and  diameters  were  measured  8 
[o  years  after  treatment.  Total  outside-bark 
ijvolumes  to  a  3-inch  top  were  calculated  using 
lormula  of  Bennett  et  al .  (1959).  Treatment 
{Its  were  determined  by  analysis  of  variance 
luncan's  multiple  range  test  (Freund  and  Lit- 
]1981). 


RESULTS 

Analyses  of  variance  showed  that,  for  both 
eiments,  there  were  no  significant  interac- 
ts between  placement  and  fertilizer  treatments, 
therefore  appropriate  to  examine  these  two 
ejts  independently. 

Fertilization  Effects 

fertilization  had  significant  effects  on  both 
nitree  height  (Fig.  1)  and  total  stand  volume 
g  2)  in  both  tests.  There  were  no  significant 
irences  between  responses  to  CSP  and  DAP. 
Tie  height  response  after  10  years  was  about  2 
tat  the  Georgia  site,  and  about  7  feet  at  the 
rla  site.  Volume  response  was  about  250  cubic 
tper  acre  (22%),  and  about  325  cubic  feet  per 
e'(360%)  at  the  Georgia  and  Florida  sites,  re- 
CLvely. 

,  Placement  Effects 


FERTILIZATION    EFFECTS    -    HEIGHT 

KOOl  K003 


FERTILIZATION   TREATMENT 

I7~7\     B  YEARS  rr^     10  YEARS 


Figure  1. — Effect  of  fertilizer  tretament  on  mean 
tree  height  at  the  Georgia  (KOOl)  and  Florida 
(K003)  sites.  Bars  with  different  letters  are 
significantly  different  at  the  0.1  level  for 
tenth-year  measurements. 


FERTILIZATION    EFFECTS    -   VOLUME 

KOOl  K003 


FERTILIZATION  TREATMENT 

t7~7\     B  YEARS  IV^      10   YEARS 


jSffects  of  fertilizer  placement  were  minimal. 
;e|  10  years,  the  Florida  site  showed  no  signif- 
inj  placement  effects  on  either  height  or  vol- 


\t  the  Georgia  site,  trees  on  plots  where 
■t.izers  were  broadcast  after  planting  were 
;n  icantly  taller  than  trees  on  other  plots  by 
fot  (Fig.  3).  In  the  same  experiment,  tenth- 
ir:otal  volume  on  plots  where  fertilizers  were 
ia>.ast  after  planting,  banded  before  bedding, 
bided  after  planting  averaged  1370  cubic  feet 
■  ire,  while  volume  on  plots  where  fertilizers 
"ejroadcst  before  bedding  or  spot-placed  aver- 
!di247  cubic  feet  per  acre  (Fig.  4).  Stocking 
;e  was  fairly  consistent  for  all  placement 
ia  lents  with  an  average  of  525  stems  per  acre. 


Figure  2. — Effect  of  fertilizer  treatments  on 
total  stand  volume  at  the  Georgia  (KOOl)  and 
Florida  (K003)  sites.  Bars  with  different  let- 
ters are  significantly  different  at  the  0.1 
level  for  tenth-year  measurements. 

DISCUSSION 

It  has  often  been  suggested  that  by  placing 
fertilizer  close  to  young  seedlings,  either  by 
banding  or  spot  placement,  they  will  benefit  from 
the  ready  availability  of  higher  nutrient  concen- 
trations and  gain  an  early  advantage  over  compe- 
ting vegetation.  It  has  also  been  suggested  that 
these  effects  may  be  enhanced  by  incorporating 
fertilizers  into  beds  rather  than  broadcasting 
them  on  the  soil  surface.   These  studies  indicate 
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PLACEMENT    EFFECTS    -    HEIGHT 
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b  b  b  b 
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BR_A    BR_B    BN_B    BN_A    SPOT 


BR    A    BR    B    BN    B    BN    A    SPOT 
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Figure  3. — Effect  of  fertilizer  placement  on  mean 
tree  height  at  the  Georgia  (KOOl)  and  Florida 
(K003)  sites.  Bars  with  different  lettes  are 
significantly  different  at  the  0.1  level  for 
tenth-year  measurements.  BR  A  =  broadcast 
after  planting,  BR_B  =  broadcast  before  bed- 
ding, BN_B  =  band  before  bedding,  BN_A  =  band 
after  planting,  SPOT  =  spot  placement. 


that  fertilizer  placement  is  of  little  impu  nt, 
when  fertilizing  young  slash  pine  plant,  tijs,' 
One  study  (the  Florida  site)  showed  no  sign  iaji 
growth  differences  among  placement  techniquijanj 
while  the  other  (Georgia)  site  had  sign:  1 
differences  among  placement  treatments,  the  : 
tude  of  these  differences  was  only  about  12: 
feet  per  acre  at  ten  years.   It  appears  ti  ; 
young,   mechanically   site-prepared,   slasl  im 
plantations,  either  only  low  quantities  of  ;id|i 
are  needed  for  early  response,  or  that  younj  Bil- 
ling root  systems  exploit  larger  soil  voIuhk  :tiji 
generally  realized. 

Many  experiments  have  been  conducted  tios- 
pare  response  to  P-only  with  response  to  N-jl-?. 
Results  have  been  variable,  but  most  often,  i- 
the  studies  reported  here,  response  to  t  lUo 
treatment  types  have  been  about  equal.  It  of- 
ten thought  that  competing  vegetation  reinds 
more  rapidly  to  added  N  than  do  the  pines.  \;li- 
er  hypothesis  is  that  N  released  from  deconjisj 
logging  slash  and  forest  floor  material  incc  ra- 
ted into  beds  is  adequate  for  the  needs  of  jbj 
slash  pine.  Results  from  a  series  of  CRI  ix- 
periments  (N  series)  show  that  the  timing  of  :t- 
ilizer  application  is  critical  for  N  re;  pse 
(GRIFF  1983).  Responses  to  N  added  with  ^re 
observed  only  for  applications  conducted  b  ei 
planting  time  and  mid- June  of  the  first  ye  i 
in  earlier  applications  may  be  lost  by  lea  ,5, 
and  N  in  later  applications  may  be  lost  to  cit- 
ing vegetation. 
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Figure  4. — Effect  of  fertilizer  placement  on  total 
stand  volume  at  the  Georgia  (KOOl)  and  Florida 
(K003)  sites.  Bars  with  different  letters  are 
significantly  different  at  the  0.1  level  for 
tenth-year  measurements.  BR  A  =  broadcast  af- 
ter planting,  BR_B  =  broadcast  before  bedding, 
BN_B  =  band  before  bedding,  BN_A  =  band  after 
planting,  SPOT  =  spot  placement. 


This  timing  effect  is  important  in  the  1  gi 
and  interpretation  of  fertilizer  placement  nd-  < 
ies.   Fertilizers  incorporated  into  beds  m  s  be 
applied  before  fertilizers  applied  after  bin? 
or  after  planting.   N  applied  too  soon  befo « n  7 
too  late  after  planting  may  not  be  used  effi  t- 
ly  by  the  target  crop  trees.   In  the  studiss- 
ported  here,  the  application  before  beddiija) 
have  been  too  soor.  (September  and  October]  ,;Ut  ; 
the  applications  after  planting  (February  an  "■ 
uary)  should  have  been  ideal  for  N  response  li* 
lack  of  placement-by-fertilizer  interactions  ;  i- 
cate  that  leaching  was  probably  not  a  probEO',; 
these  sites.   Because  the  latest  applicatii  r  3S 
conducted  well  before  weeds  were  active,  theo- 
periments  do  little  to  elucidate  interactioi  t  ' 
tween  placement  and  weed  competition. 
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SERICFA  INFLUENCES  EARLY  SURVIVAL,  GROWTH, 

AND  NUTRITIOM  OF  SAND  PINE^ 

Jacques  R.  Jorgeiisen^ 


Abstract. — Sericea  established  with  seedling  sand  pine 
on  a  droughty  sand  significantly  reduced  tree  height  growth 
through  the  third  growing  season.  Sericea  stands  that  deve- 
loped with  nine  or  more  plants  per  squa<re  foot  reduced  tree 
survival,  but  stands  with  six  plants  had  no  significant 
effect.   The  use  of  both  sericea  and  P  fertilizer  signifi- 
cantly increased  the  N  and  P  contents  of  foliage  of 
3-year-old  sand  pine.   Increases  due  to  sericea  were  related 
to  an  Increase  of  N  in  understory  blomass,  and  those  due  to 
fertilizer  related  to  Increased  soil  P.   Plots  with  sericea 
had  about  140  more  pounds  of  N  per  acre  in  the  understory 
blomass  and  0-8  inch  soil  layer  than  did  controls. 


INTRODUCTION 

About  8  (aillion  acres  of  sandhills  in  the 
theast  extend  from  central  Florida  to  North 
olina.   This  area  Is  sometimes  referred  to  as  a 
n  desert.   In  many  areas  annual  rainfall 
jiroaches  or  exceeds  50  inches,  but  due  to  the 
L''   moisture-holding  capacity  of  the  soil,  vegeta- 
uin  is  often  sparse. 

I  Much  of  the  sandhill  area  was  originally 
:fered  with  open,  low-volume  stands  of  longleaf 
pie  (Pinus  palustrls  Mill.) — a  species  not  only 
i'ipted  to  poor  droughty  soils  but  also  resistant 
t'^the  repeated  fires  that  may  have  eliminated 
l))se   species  with  higher  growth  potentials.   It 
Llthis  land  that  presents  some  of  the  greatest 
:|llenges  to  forest  management  in  the  South. 

I  On  deep  sand  sites,  longleaf  pine  is  often 
Ifflcult  to  establish;  its  initial  growth  may  be 
Jtw  and  influenced  by  competition  and  disease. 
)some  sites,  sand  pine  (_P.  clausa  (Chapra.  ex 
S'selm.)  Vasey  ex  Sarg.)  may  be  an  alternative  to 
Ligleaf.   Although  sand  pine  does  not  have  the 
Lig-term  growth  potential  and  the  many  desirable 
citures  of  long-rotation  longleaf,  it  can  be 
::abllshed  more  easily  and  will  produce  pulp  and 
J,ill  timber  within  a  reasonable  time. 


OBJECTIVES 

The  objectives  of  this  study  were  to  measure 
the  effects  of  disking,  P  fertilization,  and  seri- 
cea (Lespedeza  cuneata  (Dum.-Cours. )  G.  Don)  on  the 
early  survival,  growth,  and  foliar  nutrient  con- 
centrations of  sand  pine.   Secondary  objectives 
were  to  determine  how  seedbed  preparation,  form  of 
phosphorus  fertilizer,  and  seed  Inoculum  and 
coating  affect  sericea  establishment  and  growth, 
and  how  sericea  affects  site  nutrients  and 
understory  blomass. 


METHODS 

Study  Site 

The  experimental  area  was  south 
S.C.,  near  the  Savannah  River  Project 
site  was  a  member  of  the  Lakeland  ser 
coated  family  of  Typic  Quartzlpsammen 
in  the  typical  profile  exceeds  80  inc 
and  the  site  had  been  covered  with  a 
stand  of  longleaf  and  scrub  hardwood, 
tlon  for  planting,  merchantable  tirabe 
remaining  trees  sheared,  and  residues 
wlndrowed. 


of  Aiken, 
.   Soil  on  the 
les  (thermic, 
ts).   The  sand 
hes  In  depth 
scattered 

In  prepara- 
r  was  removed, 
root raked  and 
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Treatments  and  Plot  Layout 

There  were  three  basic  treatments:  phosphorus 
fertilization,  sericea  seeding,  and  disking. 
Phosphorus  (P)  was  applied  at  rates  of  0  and  100 
pounds  of  P/acre  with  P  as  triple  superphosphate 
(TSP)  and  ground  rock  phosphate  (GRP).   Sericea  was 
sowed  at  0  and  20  pounds  of  actual  seed/acre  with 
seed  Inoculated  Immediately  before  sowing  and  with 
preinoculated  seed  coated  with  lime.   Half  of  the 
plots  were  prepared  with  a  light  farm  disk,  and 
half  were  not  disked. 
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Plots  v/ere  established  In  Tanuary-March  of 
1981  in  a  split-split  design  with  three  cepllca- 
tloas.   The  Initial  split  was  based  upon  disking, 
riach  of  the  three  disked  or  undlskad  plots  had  an 
area  of  0.58  acre.   Kach  of  the  12  fertlll^.ed  x 
serlcea  plots  In  a  replication  had  an  area  of 
0.058  acre  and  each  of  the  6  unfertilised  x  serl- 
cea plots  were  0.077  acre  In  stze. 

Year-old  seedlings  of  Choctawhatchee  sand 
pine  (P.  clausa  var.  Immuglnata  D.  B.  Ward), 
obtained  from  a  private  nursery  In  north  Florida, 
were  planted  on  February  23,  1981.   Seedlings  were 
planted  In  rows  10  feet  apart  with  a  6-foot 
wlthln-row  spacing. 

Following  fertlll7.er  distribution  and  tree 
planting,  designated  plots  were  disked  lightly  to 
Incorporate  fertilizer  Into  the  soil  and  to  pre- 
pare a  seedbed  for  the  serlcea.   Serlcea  seed  were 
sowed  with  a  cyclone  seeder  Immediately  after 
disking.   Seed  sowed  on  disked  plots  tended  to 
roll  to  the  bottom  of  furrows  and  become  covereil 
with  soil. 


Study  Measurements 

Measurements  of  serlcea  stocking  In  the  first 
and  second  growing  seasons  were  made  In  July  and 
August  of  1981  and  1982.   Four  1-ft^  measurement 
areas  were  located  In  the  central  portion  of  each 
plot.   Up  to  10  serlcea  plants  were  counted  and 
their  heights  to  the  nearest  Inch  measured.   If 
there  were  more  than  10  plants/ff^,  this  was  noted 
without  further  counting. 

In  the  fall  of  1983,  the  third  growing 
season,  all  vegetation  In  each  of  the  four  square- 
foot  areas  on  each  plot  was  clipped,  collected, 
and  separated  Into  living  serlcea  and  nonserlcea 
vegetation.   Dead  material,  litter,  and  organic 
residues  to  the  mineral  soil  depth  from  each  of 
the  four  areas  per  plot  were  composited.   Soil 
from  the  0-4  and  4-8  Inch  depths  were  sampled 
after  litter  was  removed.   Vegetation  and  organic 
residues  were  ovendrled  at  158°F  for  24  to  48 
hours,  and  then  ground  Ln  preparation  for  chemical 
analysis.   Soils  were  air  dried. 

After  the  third  growing  season  In  the  winter 
of  1983-84,  tree  survival  and  height  were  measured 
and  foliage  sampled.   Foliar  samples  were  obtained 
from  trees  In  the  central  area  of  each  plot  by 
removing  10  needle  fascicles  from  each  of  two 
first-flush  branches  of  the  current  year's  growth. 
Soil  samples  were  analysed  for  total  nitrogen  (N), 
double  add  extractable  P,  potassium  (K) ,  calcium 
(Ca),  and  magnesium  (Mg).   Total  N,  P,  K,  Ca,  and 
Mg  contents  of  vegetation  and  organic  residues  are 
reported.   Due  to  varying  amounts  of  mineral  con- 
tamination present  In  litter  and  organic  residues, 
their  weights  and  nutrient  concentrations  are 
reported  on  an  ash-free  equivalent  basis  calcu- 
lated from  loss  on  ignition. 


Analysis  of  variance  with  a  spllt-spll  iil 
model  and  Duncan's  multiple  range  test  were  il; 
determine  significance  of  treatments  and  dt|ryi 
between  means. 


In  the  summer  of  the  Fourth  growing  sa  |;i 
the  percentage  of  each  plot  dominated  by  se 
weeds,  or  bare  soil  was  estimated. 


RESULTS  AND  UISGiISStOS 


Serlcaa  Stand  Development 

All  treatment-combination  plots  l\    /i!.; 'i^jri-j 
:n   was  planted  .^ece  successfully  stocked  w1.[j  I 
legumes  (Table  1).   One-  and  2-year-old  star  T 
derived  from  coated,  prelnoculated  seed  were  ic 
more  dense  than  data  Indicate  because  only  '- i)  lU 
plants/ft^  are  reported.   In  the  First  growij;  I 
season,  78  percent  of  the  plots  sowed  with  coied  j 
seed  had  more  than  10  plants/ ft'.   None  of  t  «1  I 
plots  sowed  to  uncoated  seed  had  this  high  d  ■.  It-, 
During  the  second  growing  season,  average  pi  i  dei- 
sity  based  upon  a  maximum  of  10  plants/f  t^  r  ■An'I 
unchanged  but  the  proportion  of  plots  that  hraoe 
than  10  plants/ff^  was  reduced  by  over  half  ']] 
percent.   Again,  no  plots  sowed  with  uncoate 
contained  more  than  10  plants/ft^.   The  redu 
In  stand  density  over  the  2-year  period  was 
bably  related  to  a  late  first-season  drought 
damaged  the  young  serlcea  plants,  and  to  ser  ci 
attrition  from  competition.   By  the  middle  o  le 
fourth  growing  season,  serlcea  was  dominant  ' 
weeds  made  up  only  a  small  portion  of  the  11' i 
understory.   Both  seed-inoculation  treatment: 
resulted  In  serlcea  dominating  88  percent  of  t 
plots  with  less  than  5  percent  of  the  area  hc\^;g  j 
no  plant  or  litter  cover.   On  plots  which  wet^^ot  • 
sowed  to  serlcea,  bare  soil  without  vegetaticir 
litter  protection  made  up  25  percent  of  the  £:. 
Grasses  or  grasslike  plants  dominated  nonserl; 
plots. 


Disking  had  no  Important  Influence  on  serlcei 
density  at  any  of  the  three  measurement  perlol 
This  lack  of  measurable  effect  was  probably  r  ted 
to  the  Intensive  site  preparation  carried  out 
anticipation  of  tree  planting,  which  had  ellni!  Ceil 
most  ground  cover  and  bared  the  mineral  soil,  'tte 
end  of  the  fourth  growing  season,  sowed  serlc  ■ 
occupied  89  percent  of  the  area  on  disked  plo  mi 
86  percent  on  the  undlsked  plots. 


Serlcea  density  Increased  slightly  as  a  '  £ilt 
of  fertilization  with  P.  A  tally  the  first  yi  s| 
showed  seven  plants/ft^  on  nonfertillzed  plots 
pared  with  eight  In  fertilized  areas.  In  the 
second  year,  comparable  results  were  6.5  and  !• 
At  the  end  of  the  fourth  growing  season,  serlc J 
occupied  78  percent  of  unfertilized  plots,  95  3 
cent  of  plots  fertilized  with  GRP,  and  89  perc  i 
of  plots  treated  with  TSP.  Although  density  di 
were  not  analysed  statistically,  differences  p 
bably  did  exist  between  fertilized  and  unfertl 
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Table  I. — Plot  cover,  by  serlcea  treatment  aad  growing  seasoa 


1st 


2d 


Sericea 

treat:iei\C 


4th 


oerlcaa 

-NoV/Yt^- 


Serlcea 


Bare 


n 


ercent 


Nona 

Uncoated  seed 
Coated  seed 


6.3 
9.2 


6.5 
9.0 


25 

88 

<5 

88 

<5 

'  ots   but    not    betiveaa   plots    treated   with    the    two 
cms   of   P. 

Sand  Pine  Survival  Orowth 

Height  oP  3-year-old  sand  pine  was  slgnlfl- 
aCly  reduced  by  stands  of  sericea  regardless  of 
ricea  density  (Table  2).   Trees  grown  without 
rlcea  were  4.1  feat  tall,  significantly  taller 
lan  the  3.6-foot  height  of  trees  grown  in  serl- 
a.   Survival  was  significantly  influenced  by  the 
rlcea  but  only  in  the  dense  stands  produced  by 
wing  coated  seed.   Survival  In  these  latter 
ands  was  about  half  that  of  plots  without 
rlcea. 

Fertilization  had  no  significant  influence  on 
ight  or  on  survival:  3.7-foot  height  for  trees 

P  treated  plots  compared  with  3.8  on  control 
ots,  and  67  percent  survival  for  trees  on  fer- 
llzed  areas  corapared  with  60  perc.jnt  for  trees 
own  without  fertilizer.   It  Is  not  known  If  or 
len  tri^..is  will  resnond  to  the  addition  of  P. 

Disking  in  addition  to  rootrakiag  ami 
ndrowlng  produced  no  significant  Increase  In 
irvival  or  height  growt>i  of  the  pines.   On  disked 
ots,  across  all  sericea  and  fertilizer  treat- 
nts,  survival  was  11  percentage  points  higher 


than  the  50  percent  obtained  on  the  undlsked  plots. 

The  0.5-foot  reduction  in  height  In  the 
3-yaar-old  stand  as  a  result  of  sand  plne-serlcea 
competion,  although  significant.  Is  of  little  con- 
sequence,  Jorgensen  (1981)  found  no  negative 
effects  of  sericea  on  loblolly  pine  growth  on  a 
site  with  a  site  Index  of  90  (age  50) — much  better 
than  the  60  for  longleaf  on  the  present  site. 
Jorgetisen  also  reported  no  growth  response  to 
treatments  until  4  years  after  application;  at  that 
time,  the  response  to  sericea  could  still  not  be 
separated  from  that  of  P. 

The  reduction  In  pine  survival  due  to  sericea 
competition  Is,  however,  a  serious  porblem.   There 
may  be  two  approaches  to  Its  solution  If  sericea  Is 
to  be  used  for  long-term  site  Improvement.   Sowing 
of  sericea  can  be  delayed  until  the  young  pines  are 
established,  usually  the  beginning  of  the  second 
growing  season,  or  the  sowing  rate  can  be  reduced 
to  permit  a  grailual  Increase  In  sericea  stand  den- 
sity by  self-saadlng. 

Sand  Pine  Nutrition 

Although  sericea  had  a  negative  influence  on 
growth  and  survival  of  sand  pine.  Its  effect  on 
foliar  nutrient  content  was  positive  (Table  3). 


Table  2. --Influence  of  sericea  lespedeza  on  survival  and  height 
of  3-year-old  sand  pine 


Sericea 
t  re  a  t  me  n  t 


None 

Uncoated  seed 
Coated  seat! 


Survival 

Height 

— Percent  — 

^__^^_-.  „ 

80b 

4.1b 

72b 

3.6a 

39a 

3.6a 

Means  within  a  column  followed  by  the  same  letter  do  not  significantly 
differ  at  the  5  oercant  level. 
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Table    3. — Inflaerice    of    serlcea   lespedeza   on   autrleaCs    la   sand    pine    foliage 


Treatinent 


Ca 


Mg 


No  serlc^a 
Serlo^-a 


-Percent 

I.  30a 

0.l2a    0.41    0.25 

0.087 

1.4lb 

.I3b     .42     .23 

.086 

Means  within  a  coluinn  followed  by  the  same  letter  do  riot  significantly 
differ  at  the  5  percent  level. 


Both  N  and  P  were  significantly  Increased.   The 
other  elements  were  unaffected  by  treatment. 
Phosphorus  application  also  Increased  foliar  N  and 
?  uptake  but  lid  i^t  Influence  K,  Ca,  or  Hg    (Table 
4).   Disking  had  no  Influnce  on  uptake  of  any  of 
the  five  nutrients. 

Foliar  nutrient  concentrations  of  both  fer- 
tilised and  unfertilised  trees  are  In  the  general 
ranges  found  In  pine  growlrig  In  the  Florida 
sandhills  (Brenderauelil  1973).   Overall,  nutrition 
does  not  appear  to  limit  sand  pine  growth  on  the 
present  site. 


Site  Rlomav 


and  Nutrients 


Seeding  serlcea  produced  50  percent  more 
blomass — the  sum  of  ash-free  organic  residues, 
weeds,  and  serlcea — than  was  produced  on  control 
plots  (Table  5).  This  Increase  was  not,  however, 
significant.   The  lack  of  significance  can  be 
attributed  to  spotty  growth,  a  late  summer  drought 
that  preceded  the  sampling,  and  a  small  sample 
size  with  high  variability. 

Although  site  blomass  was  not  significantly 
Increased  due  to  treatment.  Its  N  and  Ca  contents 
were.   Nitrogen  more  than  doubled  from  43  to  99 
pounds  per  acre  and  concentration  Increased  from 


0.92  to  1.41  percent.  Calcium  content  was  .li 
doubled  and  concentration  Increased  from  O.i ; 
0.84  percent.  Phosphorus,  K,  and  Mg  conteni  ■ 
not  significantly  affected  by  growing  serlc< - 

Fertilisation  had  no  significant  Influs- 
understory  blomass  or  the  amount  of  blomass 
nutrients.  There  was,  however,  an  Increase  1 
concentration.  Where  no  fertilizer  was  app]  1 
there  was  an  average  of  6,546  pounds  of  bloijaji 
acre  which  contained  4.8  pounds  of  P  or  a  cc  i' 
centratlon  of  0.073  percent.  Fertilization  : 
produced  an  average  of  6,182  pounds  of  blomj  ; 
which  contained  5.2  pounds  of  P  or  a  concent: 
of  0.084  percent.  T^ack  of  response  to  P  fei  • 
tlllzatlon  through  Increased  blomass  or  P  u[ ; 
Indicates  that  P  Is  not  a  major  factor  limits 
growth  on  these  sandy  soils  with  low  molstui; 
holding  capacity. 


« 


Disking  had  no  significant  effect  on 
understory  blomass  but  undlsked  plots  averag 
5,685  and  disked  6,9  32  pounds  of  blomass  per 
These  variations  in  blomass  were  accompanied 
proportional  chang'S  in  N,  P,  K,  Ca,  and  Mg 
contents. 

Soil  nutrient  concentrations  were  not  s  .jlfi 
cantly  Influenced  by  serlcea  (Table  6)  or  di 


Table  4. — Influence  of  phosphorus  fertilization  on  nutrients 
In  sand  pine  foliage 


Treatment 


No  P 

TSP  or  GRP 


Ca 


ercent 


I. 34a   0.l2a   0.41    0.23 
1.39b    .13b    .42     .24 


Mg 


0.086 
.085 


TSP  =  triple  superphosphate;  GRP  =  ground  rock  phosphate. 

Means  within  a  column  followed  by  the  same  letter  do  not  significantly  differ 
at  the  5  percent  level. 
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Table  5. — Influence  of  serlcea  lespedeza  on  blooiass  a-id  nutrients  In 
understory  vegetation  and  forest  floor 


Serlcea 
treatment 


BloinasG 


K       Ca 
-lb/acre 


Mr 


None 

Uncoated  seed 
Coated  seed 


4693 
6893 
7150 


43a 

96b 

102b 


3.6 
5. 6 
5.8 


16 
17 
16 


29a 

58ab 

61b 


Means  within  a  columii  followed  by  the  same  letters  do  not  significantly 
differ  at  the  5  percent  level. 


Table  6. — Influence  of  serlC'^a  lespedeza  on  autrlent  coricentrat  Ions  In  soil 


Serlcea 
treatment 


-ppm- 


Ca 


Mg 


None 

Uncoated  seed 
Coated  seed 


None 

Uncoated  seed 
Coated  seed 


0-4 

INC:1  DEPTH 

461 

18.8 

21 

165 

478 

17.2 

23 

151 

475 

12.9 

21 

143 

4-8 

INCH  DEPTH 

269 

5.3 

8.4 

57 

331 

5.3 

9.8 

69 

316 

5.4 

8.5 

71 

25 
27 

27 


13 
15 
17 


There  is  no  sl^ulf leant  difference  between  means  In  a  column  and  depth. 


a  were  influenced  by  fertilization  (Table  7). 
p:,ylng  GRP,  a  Ca-contalnlng  amend  v.nt,  slgnlfl- 
ai  ly  Increased  Ca  In  the  0-4  inch  layer  but 
e.lted  In  a  decrease  In  Mg  concrfntcatlon.   The 
eiease  In  Mg  //as  probably  due  to  competition  for 
o:  exchange  sites  from  the  added  Ca.   Decreased 

I  ncentratlon  in  the  4-8  inch  layer  was  pro- 
aly  also  related  to  the  Increased  Ca  from  the 
Rl  fert  i. lL/,er.   Phosphorus  increases  were  related 
0  additions  by  fertilizers.   The  decreased  N  in 
hf4-8  inch  depth  on  plots  where  GRP  was  applied 
a<lot  be  explained.   When  N  In  ch.=>  0-4  and  4-8 
ni\   soil  layers  is  su^amed,  however,  there  Is  no 
iRlEtcant  difference  due  to  fertilizer  treat- 
eij. 

Serlcea  was  associated  with  a  nonsignificant 
ic'ease  of  90  pounds  of  N  in  the  surface  8  Inches 
f  oil.   This  was  similar  to  the  94  pound 
n<ease  reported  by  Jorgensen  (1981)  where  P- 
silllzed  serlcea  had  been  grown  on  a  much  better 


site  for  4  years.   In  that  study,  however,  there 
was  a  large  Increase  of  blomass,  with  biomass  N  + 
soil  N  augmenting  site  N  by  more  than  400  pounds 
per  acre,  compared  with  only  about  140  pounds  at 
the  end  of  a  3-year  p^^rlod  In  the  pres<iat  study. 


SUMMARY  AND  CONCLUSIONS 

Serlcea  established  on  a  droughty  sand  the 
same  year  as  sand  pine  significantly  reduced  tree 
height  growth  by  the  end  of  the  third  growing 
season.   Dens"!  jerlcea  stands  also  reduced  tree 
survival  to  about  half  that  of  control  plots,  but 
stands  of  moderate  density  had  no  significant 
effect  on  survival.  \t    the  end  of  the  third 
growing  season,  important  differences  in  serlcea 
stand  density,  as  measure!  by  blomass,  were  no 
longer  evident.   Both  serlcea  and  P  fertilizer 
significantly  increased  the  N  and  P  contents  of 
foliage  of  3-year-old  sand  pine.  The  N  Increase 
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Table  7. --Influence  of  fert  i.  1  i.z  ai:  lot  oh  autrieat  conceatratloa  In  soil 


Treat:ri.?ni,  N       ?       K       Ca       Ms 


No  fertllir.er 

GRP 

TSP 


No  fertiliser 

GRP 

TSH 




-  -ppm 

0-4 

INCH  DEPCH 

484 

2.3a 

23      138a 

29b 

491 

26.8b 

20      208b 

21a 

438 

19.9b 

21      108a 

2  Sab 

-3  INCH  UfiPTH 


317b 

2.1a 

9.3b 

64ab 

16 

281b 

5.4ab 

8.1a 

7  5b 

15 

325b 

8.8b 

9.4b 

61a 

15 

GRP  =  gru'iil  C'-f:\   phosphate;  TSP  =  triple  superphosphate. 
Means  wit'iiu  a  soll-iepth  columa  follo-^ed  by  the  sarne  lett.-!r  do  not 
signl r icantly  differ  al  the  5  percent  level. 
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EFFECT  OF  OVERBURDEN  TYPE  AND  ORGANIC  AMENDMENTS  ON  THE 


GROWTH  OF  PINES  ON  A  RECLAIMED  SURFACE  MINE- 


1/ 


2/ 


J.  L.  Torbert,  J,  A.  Burger,  and  W.  L.  Daniels- 


Abstract. — A  Rock  Mix  Study  and  a  Surface  Treatment 
Study  were  designed  to  evaluate  the  effects  of  various  sand- 
stone (SS) /siltstone  (SiS)  overburden  mixtures,  several  sur- 
face treatments  (topsoil,  sawdust,  and  municipal  sludge), 
and  infection  with  Pisolithus  tinctorius  on  the  growth  and 
survival  of  loblolly  pine  (Pinus  taeda  L.)  and  pitch  X  lob- 
lolly pine  hybrids  (Pinus  xrigitaeda)  on  a  reclaimed  surface 
mine  in  Southwestern  Virginia.   After  two  years,  the  best 
growth  in  the  Rock  Mix  Study  occurred  in  the  pure  sandstone 
plots  and  the  worst  growth  was  in  the  pure  siltstone  plots. 
In  the  Surface  Treatment  Study,  seedlings  planted  in  12 
inches  of  topsoil  showed  no  growth  differences  from  those 
planted  in  an  unamended  2:1  SS:SiS  spoil.   Seedling  growth 
was  increased  by  application  of  municipal  sewage  sludge  at 
rates  of  up  to  25  t/acre,  but  higher  applications  of  sludge 
had  detrimental  effects.   The  best  surface  treatment  was 
sawdust  (25  t/acre).   Mycorrhizae  improved  seedling  growth 
in  the  Surface  Treatment  Study  where  fertilizer  pellets  were 
not  applied.   Pitch  X  loblolly  pine  hybrids  survived  better 
and  began  growth  earlier  in  the  Spring  than  loblolly  pine. 


INTRODUCTION 


jReclamation  managers,  who  want  to  establish 
p  e  plantations  on  strip-mined  lands,  have  many 
oiortunities  that  are  not  available  to  most 
fi  esters.  Selective  overburden  placement  (Chang 
ai  Kelly,  1982)  during  the  reclamation  phase 
ci  create  a  deep,  uncompacted  spoil  with 
diirable  chemical  and  physical  properties, 
^llicaticn  of  surface  amendments,  seedling 
iiculation  with  mycorrhizal  fungi,  and  the  use 
o:  fertilizer  pellets  are  additional  options 
tit  can  aid  seedling  establishment  and  growth. 
iJi  ike  most  reforestation  efforts  where 
ssensive   site  preparation  and  planting   costs 

j_ 


—  Paper  presented  at  the  Third  Biennial 
o^hern  Silvicultural  Research  Conference, 
itjknta.  Georgia,  November  7-8,  1984. 
"   —  Research  Assistant  and  Assistant  Pro- 


'Gpor,  Department  of  Forestry,  and  Research 
isbciate.  Department  of  Agronomy,  Virginia  Poly- 
einic  Institute  and  State  University,  Blacksburg, 
'Al  24061. 


must  be  capatilized  through  the  rotation, 
reforestation  costs  on  strip-mined  land  can 
usually  be  deducted  in  the  year  they  occur  as 
expenses  i (quired  for  reclamation  (Zipper, 
1983). 

Coal  seams  in  Southwestern  Virginia  and 
surrounding  areas  of  Kentucky  and  West  Virginia 
are  generally  overlain  by  strata  of  sandstone 
and  siltstone.  These  layers  are  blasted  and 
removed  during  the  mining  phase  and  must  be 
moved  back  into  position  during  reclamation. 
Sandstone  and  siltstone  spoil  differ  in  their 
physical  and  chemical  characteristics,  and  can 
have  an  effect  on  revegetation  success.  Preve 
and  co-workers  (1984)  found  that  sandstone 
overburden  was  a  better  growth  medium  than 
siltstone  spoil  for  Pinus  spp.  seedlings.  The 
sandstore  spoil  had  fewer  coarse  fragments, 
better  aeration  porosity,  and  lower  levels  of 
soluble  salts. 

Reclamation  law  requires  topsoil  replacement, 
unless  a  topsoil  substitute  will  be  at  least  as 
productive  as  the  original  soil.  All  hard  rock 
overburden  materials  are  very  low  in  organic 
matter  and  plant  available  nitrogen.  Some 
organic  amendments,  such  as  municipal  sewage 
sludge,  can  improve  soil  moisture  retention, 
increase  CEC,  and  depending  on  the  nature  of  the 
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Table    1. — Summary  of    treatments    in    the   Rock-Mix  and    Surface  Treatment    Studie 


Treatment 


Overburden  Type 


Other  Additions^ 


Pure  Sandstone  (SS) 

2:1  SS:SiS 

1:1  SS:SIS 

1:2  SS:S1S 

Pure  Slltstone  (SIS) 

Control 

2/ 
Topsoil—  (12  in) 

Sawdust  (25  t/acre) 

Sewage  Sludge  (10  t/acre) 

Sewage  Sludge  (25  t/acre) 

Sewage  Sludge  (50  t/acre) 

Sewage  Sludge  (100  t/acre) 


Rock-Hix  Study 
100%  Sandstone 
67%  SS:  33%  SIS 
50%  SS:  50%  SIS 
33%  SS:  67%  SIS 
100%  Slltstone 

Surface  Treatment  Study 

67%  SS:  33%  SIS 

67%  SS:  33%  SIS 

67%  SS:  33%  SiS 

67%  SS:  33%  SIS 

67%  SS:  33%  SiS 

67%  SS:  33%  SiS 

67%  SS:  33%  SiS 


N,  P,  K 

N,  P,  K 

N,  P,  K 

N,  P,  K 

N,  P,  K 

N,  P,  K 

N,  P,  K  +  3.5  c/acre  Ag  lime 

N,  P,  K  +  300  lbs/acre  Slow-N 

None 

None 

None 

None 


lift 


1/. 


...  P,  K  fertilized  plots  all  received  1000  lbs/acre  of  15-30-15  fertilizer.   All  plots  were 
straw  mulched  and  hydroseeded  to  Kentuckv-31  tall  fescue  on  May  13,  1982. 

2/ 

-  The  Topsoil"  material  used  in  this  experiment  is  a  mixture  of  A,  E,  B,  C  and  CR  soil 

horizons. 


maitiicj,    suppj)    futuif   rutiienis    (Ha]dei&cii   ami 
Zeuz,    1978). 


Ectom>coribizae  have  been  found  to  irciease 
•  .irest  tree  survival  and  growth  under  many 
different  site  conditions  (Ruehle  and  Marx, 
1979).  Pisolithus  tinctorius  (Pers.)  Coker  and 
Couch,  has  been  used  succesfully  for  improving 
the  performance  of  pints  on  reclaimed  surface 
mines  (Marx  and  Artman,  1979).  Early  pine 
growth  can  also  be  stimulated  by  application  of 
3  fertilizer  pellet  in  the  planting  slit  (Berry, 
1979).  Controlled  placement  of  nutrients  with 
fertilizer  pellets  can  reduce  the  overtopping  of 
seedlings  by  surrounding  vegetation,  which  ofter 
occurs  when  fertilizer  is  broadcast  applied. 

The  objective  of  this  study  was  to  compare 
the  effects  of  various  sandstone/siltstone 
overburden  mixtures,  organic  surface  amendments, 
and  Pisolithus  tinctorius  ectomycorrhizae  on  the 
growth  of  loblolly  pine  (Pinus  taeda  L.)  and 
pitch  X  loblolly  pine  hybrid  (Pinus  xrigitaeda) 
seedlings  after  two  years  on  a  reclaimed 
surface  inine  in  Southwestern  Virginia. 

METHODS 

The  field  layout  consisted  of  two  subtrials; 
a  Rock  Mix   Study  and  a  Surface  Treatment  Study 


'!■ 


''Table  1).   The  Rock  Mix  Study  consisted  of 
replications   of   five  overburden  mixes; 
sandstone   (SS),   2:1   SS:Siltstone  (SiS),   1 
SS:SiS,  1:2  SS:SiS,   and  pure  SiS.   The  Surf 
Treatment  Study  consisted  of   four  replicatici 
of   seven  surface  amendments  applied   to  a  J 
SS:SiS   rock  mix.   The  amendments   included 
control,   12  inches  of  topsoil  (A  +  E  +  B  +( 
CR  horizons),   25  t/acre  of  sawdust,   and  f  1 1| 
rates  of  municipal  sewage   sludge  (10,   25,  !  >! 
100  t/acre).  | 

I 

The  study  plots  were  constructed   during  US 
winter  of  1982  on  a  flat  bench   in  Wise  Couniyi 
Virginia,    that  was   surface  mined   in  19i'i| 
Overburden  material  for  the  study  was  col  led! 
from  a  mining  operation  adjacent  to   the  sit - 
Sandstone  and   siltstone  overburden  were  loac 
and   dumped   into  separate   piles.   Once 
sufficient  amount   of  spoil  was   collected,  M 
spoils   were  mixed   in  the  required  ratios  <i 
placed  in  the  center  of  each  10  X  20  ft  pl(  ■ 
spoil  mixtures  were  in  place,  ei : 
graded   flat  with  a   small  (5- ♦ 
taking   extreme  care  to  minim  t 
.   Once  grading  was  completed,  the  ai  J 
was  essentially  flat,  with  a  spoil  depth  of  4  t 
over  a  highly  compacted  underlying  bench 


After  all 
pile  was 
bulldozer , 
compaction. 


The   twenty     plots   of   the      Rock  Mix      Study 
the   control   plots   of   the   Surface  Treatment  Sti  ^ 
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;h  received  1000  lbs/acre  of  15-30-15  (N-P-K) 

nular   fertilizer,    consisting   of  amrronium 

rate,   diamrioniuni  phosphate,   and   potassium 

|loride.  The  topsoil  was  limed  with  3.5  t/scre 

agricultural  lime   to  bring   the  native   pH 

,5)  up  to  that  of  the  2:1  SS:SiS  rock  mix,  and 

tjlized  the  same  as  the  control  and  Rock  Mix 

jits.   Sawdust  plots   (25  t/acre)  were  also 

'•tilized  and   received  an  additional  300   lbs 

.ere  as   urea  to  compensate  for  anticipated  N 

i|iobilization.  No  fertilizer  was  applied  to  the 

'dge  treatments.   During  May,    1982,  all  plots 

ire  mulched  with   80    lbs/acre   straw,    and 

^|roseeded  with  a  water  slurry  containing  150 

li/acre  Kentucky-31   fescue  and   750   lbs/acre 

■id  fiber  mulch. 


ncn-mycorrhi zal  trees.  The  plot  layout  provided 
two  planting  spots  for  each  spec ies/mycorrhizae 
combination.  All  herbaceous  vegetation  was 
eliminated  with  several  applications  of 
glyphopsphate.  After  the  second  growing  season, 
survival  was  assessed  and  heights  and  diameters 
v»ere  measured. 

The  Rock  Mix  and  Surface  Treatment  Study  were 
analyzed  separately  as  split-plot  designs. 
Duncan's  Multiple  Range  Test  was  used  to 
separate  means  for  each  treatment  effect  in  each 
of  the  two  studies. 


RESIHTS  AND  DISCUSSION 


In  April,  1983,  pine  seedlings  were  planted 
half  of  each  plot  on  a  2.5  X  2.5  ft  spacing, 
dlings  in  the  Rock  Mix  Study  were  planted 
h  an  Agriform  21  g  fertilizer  pellet, 
tainerized  loblolly  pines  and  three  families 
pitch  X  loblolly  pine  hybrids  were  grown  in 
ncer-Lamaire   root  trainers   (Hillson  model, 

cc/cavity)  for  16  wk  prior  to  outplanting. 
f  of  the  seedlings  were  infected  with 
olithus  t inctorius  by  mixing  basidiospores 
h  the  growth  media  (vermiculite  and  peat;  1:1 
)   Each  of  the  three   families  of  hybrids  and 

loblolly  pines  were  :andotrly  assigned  to  one 
four  rows  with  four  planting  spots  in  each 
Each  plot  was  split  such  that  one  side 
tained  mycorrhizal   trees  and  the  other  side 


Overburden  rock  type  had  no  effect  on 
survival  but  greatly  affected  seedling  growth 
after  two  years  (Table  2).  Growth  was  lowest  on 
the  pure  SiS  plots  and  improved  as  the  SS 
component  increased.  Average  volume  index  on 
pure  SS  plots  was  almost  300%  greater  than  on 
SiS  plots.  According  to  Daniels  and  co-workers 
(1983),  the  pH  and  soluble  salt  levels  of 
subsurface  soil  samples  (10-12  in  )  collected  in 
October,  1982,  were  much  higher  on  the  SiS  plots 
(8.1  and  202  ppm,  respectively,  versus  6.0  and 
64  ppm  on  SS).  This  may  have  caused  the  poor 
growth  and  chlorotic  banding  observed  en  needles 
of  some  trees  in  the  pure  SiS  plots. 


Table  2. — Treatment  effects  on  tree  survival,  height,  diameter,  and  volume  on  the  Rock-Mix  Study. 


Treatments 

Seedling 

; 

Survival 
% 

Height 
cm 

Diameter 
mm 

„  ,    2/ 
Volume- 

cm^ 

Rock-Mix  Effect 

Pure  Sandstone  (SS) 

95  ai^ 

55.9  a 

12.9  a 

107  a 

2:1  SS:SiS 

89  a 

52.0  ab 

11.6  b 

93  a 

1:1  SS:SiS 

88  a 

48.3  be 

10.4  c 

61  b 

1:2  SS:SiS 

88  a 

46.9  cd 

9.8  cd 

54  b 

Pure  Siltstone  (SIS) 

94  a 

43.6  d 

8.7  d 

39  b 

Mycorrhizae  Effect 

Control 

88  a 

49.8  a 

10.7  a 

74  a 

Plsolithus  tinctorlus 

93  a 

49.0  a 

10.7  a 

68  a 

Species  Effect 

71x22  Hybrid 

89  ab 

49.5  a 

10.8  a 

72  b 

78x22  Hybrid 

92  ab 

48.3  a 

10.9  a 

71  b 

78x26  Hybrid 

98  a 

51.3  a 

11.8  a 

92  a 

Loblolly  pine 

84  b 

48.3  a 

9.2  b 

50  c 

-''Por  each  effect,  values  within  a  column  followed  by  the  same  letter  are  not  significantly 
different  (a  -  0.05). 

2/  2 

-Volume  =    (Diameter)      x   Height. 
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Table  3. —Treatment  effect  on  tree  survival,  height,  diameter,  and  volume  on  the  Surface  Treatment  Study. 


Treatments 


Survival 


Height 


Amendment  Effect 


Control 

88^/ 

35.4  d 

6.8  cd 

21  cd 

Topsoll 

(12  In) 

92  a 

36.0  cd 

5.8  d 

16  d 

Sawdust 

(25  t/acre) 

97  a 

'42.3  a 

10.4  a 

59  a 

Sludge 

(10  t/acre) 

95  a 

38.4  be 

8.0  b 

32  b 

Sludge 

(25  t/acre) 

89  a 

41.1  ab 

8.2  b 

35  b 

Sludge 

(50  t/acre) 

70  b 

39.9  ab 

7.3  be 

30  be 

Sludge 

(100  t/acre) 

56  c 

39.5  ab 

6.3  d 

17  d 

Mycorrhizae  Effect 

Control 

82  a 

38.2  a 

7.0  a 

25  b 

Plsolltl 

us  tinctorius 

86  a 

39.8  a 

8.2  a 

36  a 

Species 

Effect 

71x22  Hybrid 

96  a 

37.4  b 

7.7  a 

32  a 

78x22  Hybrid 

88  a 

38.7  ab 

7.9  a 

32  a 

78x26  Hybrid 

86  a 

39. 1  ab 

7.8  a 

29  a 

Loblolly 

pine 

66  b 

41.2  a 

7.0  a 

29  a 

—  For  each  effect,  values  within  a  column  followed  by  the  same  letter  are  not  significantly 
different  (a  =  0.05). 

2/  2 

—  Volume  +  (Diameter)   x  Height. 


There  was  no  significant  volume  difference 
between  trees  on  the  pure  SS  and  the  2:1  SS:SiS 
mix.  We  believe  that  the  2:1  mix  will  eventually 
develop  into  the  most  desirable  soil  after 
additional  years  of  weathering.  Other  research 
indicates  that  some  of  the  most  productive  post- 
mining  sites  have  formed  on  a  2:1  SS:SiS  mixture 
(Howard,  1979). 

In  the  Surface  Treatment  Study,  a  2:1  SS:SiS 
mix  served  as  the  control.  The  topsoil 
treatment  is  similar  to  "normal"  operational 
reclamation  procedures;  native  surface  soil  is 
replaced  and  then  limed  and  fertilized  to 
support  a  ground  cover.  In  this  study,  the 
topsoil  treatment  was  one  of  the  poorest  with 
respect  to  pine  seedling  performance  (Table  3). 
There  was  no  difference  in  growth  between  trees 
planted  in  topsoil  and  those  planted  in  the 
unamended  overburden.  The  best  growth  occurred 
in  the  sawdust  plots,  where  volume  index 
averaged  almost  300%  higher  than  the  control  and 
topsoil  treatments. 

Municipal  sewage  sludge  benefited  seedlings 
at  the  lower  application  rates  (10  &  25  t/acre), 


but  had  a  detrimental  effect  at  the  highest 
rates  (50  &  100  t/acre;.  Seedling  volume  at  the 
two  lowest  rates  was  significantly  greater  thar 
that  on  control  and  topsoil  plots.  There  was  no 
difference  in  survival  between  the  low  rate 
sludge  treatments  and  the  non-sludge  treatments; 
but  as  sludge  rate  increased  to  50  t/acre,  s 
significant  decline  in  survival  (70%)  and  growth 
occurred.  At  100  t/acre,  survival  declined  tc 
56%  and  the  average  volume  index  was  equivilent 
to  the  control  and  topsoil  plots. 

An  application  rate  of  100  t/acre  included 
A225  lbs  N/acre.  We  believe  that  mineralizatior 
of  this  large  quantity  of  N  resulted  in  high 
levels  of  nitrates  which  were  toxic  to  the  pine 
seedlings.  If  only  10%  of  the  applied  N  was 
available  during  the  first  year,  there  would 
have  been  approximately  425  lbs  N/acre  in 
solution.  A  toxicity  problem  could  have  been 
aggravated  by  the  elimination  of  all  herbaceous 
vegetation  which  would  have  absorbed  some  of  the 
nitrates  as  they  were  released  from  the  sludge. 

The  effect  of  the  fertilizer  pellet  on 
seedling  growth  was  apparent  when  comparing  the 


erage  tree  volumes  of  2:1  SS:SiS  plots  of  the 
ck  Mix  Study  (93  cm  )  with  the  control  plots 
:'  the  Surface  Treatment  Study  (21  cm  ).  These 
eatments  were  idertical  except  that  the  trees 
i|  the  Rock  Mix  Study  were  planted  with  a 
[irtilizer  pellet.  The  fertilizer  pellet 
ijcreased  tree  height  by  50%,  diameter  by  70%, 
ijd  volume  index  by  350%.  Marx  and  Artman 
[i979)  found  that  fertilizer  pellets  stimulated 
Ijblolly  pine  growth  for  several  years  on  an 
lid  coal  spoil  in  Kentucky,  but  once  nutrients 
:bm  the  pellet  were  depleted,  growth  increments 
icreased  and  N  deficiency  symptoms  appeared  in 
.=  foliage.  Fertilizer  pellets  enhance  early 
;Dwth,  allowing  the  seedlings  to  compete  with 
;=  surrounding  vegetation;  however,  additional 
>l:rients  will  have  to  be  added  or  otherwise 
i|>plied  by  the  site. 

Mycorrhizae  have  been  found  to  aid  survival 
ijl  growth  of  pines  on  reclaimed  surfaces  in 
iliy  instances;  however,  they  did  not  have  an 
;!:ect  on  seedling  growth  in  the  Rock  Mix  Study. 
l|)ts  growing  rapidly  due  to  high  soil  fertility 
1^  not  susceptable  to  infection  (Marx,  1977); 
■j-thermore,  seedlings  would  not  be  expected  to 
(iiefit  nutritionally  from  mycorrhizae  when  a 
lidily  available  source  of  nutrients  are 
>2sent.  Mycorrhizal  trees  not  planted  with  s 
[[-tilizer  pellet  had  significantly  greater 
;|.umes  due  to  enhanced  diameter  growth; 
li^ever,  fertilized  non-mycorrhizal  seedlings  in 
:e  Rock  Mix  Study  had  greater  heights, 
^meters,  and  twice  the  volume  of  non- 
rbtilized  infected  trees  in  the  Surface 
rfeatment  Study. 

I  .  . 

There  is   some  concern  about   the  feasabiljty 

3  planting  loblolly  pine  in  the  cold  climate  of 

jithwestem  Virginia.    In  other  studies,  pitch 

Moblolly  pine  hybrids  have  shown  potential  to 

jjw  as  rapidly  as  loblolly  pine  and  retain  the 

:id  hardiness   of  pitch  pine  (Little   and  Trew, 

l|9).   This  study  indicates  that  the  hybrid  may 

>>: -perform  loblolly  pine  during  establishment. 

rp  hybrids  were  more   successful  in   surviving 

t'i  winter  and  began  growth  earlier   in   the 

;,!-ing.    In   the  Rock  Mix  Study,   all  of   the 

i»;;irid  families  had  greater  diameter  growth  and 

i^i'.ume   indices   than   loblolly   pine.    One 

Jilticular  family  (76  X  26)  had  a  greater  volume 

tlln   the    other   families    and   survived 

3  nificantly  better  than  the  loblolly  pines. 

is-  hout  the  fertilizer  pellet,   the  differences 

51'ween  loblolly  pine  and  the  hybrids   were  not 

ai  great.    The  hybrids  tended  to  have  greater 

i  meters,   but  the  loblolly  pines  were  taller. 

?.  hough  loblolly   pine  survival  in   the  Surface 

riatment  Study   (66%)   was   significantly  lower 

tin  the  average  of  all  the  hybrids  (90%),  there 

wije  no  significant  volume  differences. 
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YOUNG  LOBLOLLY  PINK  ON  ERODED  PIFPNONT  SI'n-;S- 
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L.  E.  Nix- 
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Abstract. — After  six  proving  seasons ,  "interplanting  a 
hardy  perennial  legume  Csericea  leppedeza')  bac  reduced  the 
height  and  diameter  growth  of  young  loblolly  pines  on  eroded, 
upland  sites  by  Q.2%  and  1?.?°',  respectively.   Control  pine 
seedlings  averaged  °.8  ft  (300  cm)  height,  win' .1  e  the  best 
treatment  seedlings  (legume  and  fertilization)  averaged  9.2  ft 
(282  cm)  height.   Fertilization  with  50  Ibr/acre  <'56  kg/ha) 
NPK  partially  offset  the  inhibiting  effects  of  the  strip-sown 
sericea,  but  foliage  analysis  of  pine  needles  showed  no 
difference  in  elemental  nutrient  content  am.ong  treatments. 
Quantity  and  composition  of  competing  aboveground  biomass 
differed  significantly  among  treatments  with  legumes  compris- 
ing 50  to  80%  of  plot  differences,  indicating  that  legumee  may 
have  provided  significant  competition  for  soil  moisture  and 
nutrients.   Soil  moisture  and  compaction  measurements  showed 
no  significant  improvement  of  those  features  due  to  the  legume 
plantings. 


INTRODUCTION 

'he  Piedmont  Region  of  the  southeastern 
'.■I   States  includes  substantial  acreage  of 
r)rked ,  abandoned  farmland  that  is  charac- 
Li'd  by  shallow  or  no  topsoil,  low  fertility, 
||or  soil  physical  properties.   Many  such 
iff   exhibit  poor  forest  productivity  and 
>'|ms  of  littleleaf  disease  (Phytophthora 
lilomi)  where  old-field  short  leaf  pine  (Pinus 
Li  ta)  has  become  established.   Subsequent 
Lijting  of  these  eroded  old  fields  with 
L(  ly  pine  (P.  taeda)  has  not  alleviated  the 
)t|ms  caused  by  the  poor  soils  (Goebel  et  al. 
t]      Increasing  demands  for  forest  products 

te  diminishing  land  base  for  forest 
iiition  argue  for  increasing  productivity  of 
Sftneglected  forest  lands. 

n  1975,  when  this  study  began,  evidence 
Lcted  that  fertilization  could  alleviate 
rdnt  deficiency  on  most  of  the  marginal 
2£in  the  Piedmont  (Bengston  1968);  but  poor 
3ial  properties,  e.g.  soil  compaction,  poor 
aton,  and  poor  moisture  relations,  would 
i-tthe  effectiveness  of  such  fertilization 
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(Froehlich  1973).   Ir  addition,  the  rising  cost 
and  world-wide  shortage  of  commercial  fertilizer 
suggested  that  -increased  cost  would  make  artifi- 
cial fertilization  economically  questionable  for 
widespread  use  on  the  marginal  Piedmont  sites, 
i.e.  the  cost  of  nitrogen  fertilizer  had  risen 
600  percent  from  1971  to  1975  (Douglas  1^75). 
As  a  rerult  of  these  considerations,  a  less 
expensive,  biological  method  of  increasing  soil 
fertility  and  ameliorating  poor  soil  physical 
properties  seemed  desirable  for  improving  forest 
productivity  on  the  marginal  Piedmont  sites. 

A  review  of  the  literature  indicated  that 
deep-rooted,  nitrogen-fixing  perennials  might 
Increase  soil  fertility  while  ameliorating  the 
adverse  physical  properties  of  poor  soils 
(Kittredge  1948,  Chapman  and  Lane  1951,  Lull 
1959,  Pimentel  et  al.  1973').   In  addition,  obser- 
vations of  the  beneficial  effects  of  planting 
nitrogen-fixing  legumes,  such  as  lupines,  along 
with  forest  tree  species  on  poor  sites  in  Europe 
indicated  that  considerable  gain  in  forest  produc- 
tivity could  be  achieved  over  several  decades 
(Baule  and  Fricker  1970).   Earlier  literature 
reviews  suggested  that  agriculturally  important 
N-fixing  legumes  offered  much  in  the  way  of  soil 
improvement  and  that  the  Lespedeza  species  might 
be  suitable  for  the  eroded,  low  pP ,  somewhat 
droughty  heavy  clays  of  the  Piedmont  (Whyte  et  al. 
1953,  Lull  1959).   Shortleaf  pine  in  North 
Carolina  appeared  to  greatly  benefit  from  associ- 
ation with  sericea  lespedeza  (Lespedeza  cuneata)  , 
which  continued  to  grow  well  under  the  trees  for  a 
number  of  vears  (Kittredge  1948).   Vogel  (1973) 
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reported  that  serice?.  Icspedeza  stininlated  rhu 
growth  of  loblolly  pine  cp  coal  mine,  spoils  in 
Kentucky.   Casual  observation  by  the  author  of 
various  erosion  control  jilartings  of  sericea  and 
pine  in  the  Piedmont  of  South  Carolina  indicated 
that  loblolly  pine  benefitted  from  tlie  ameliora- 
tive effects  ot  the  legume. 

The  ourtent  study  v?s  initiated  in  order  to 
qu^Ttify  the  potential  benefits  of  interplanting 
hardv,  deep-rooted  nitrogen-fixing  legume,  such 
as  sericea,  with  loblolly  pine,  a  desirable 
comjT.ercial  timber  ppecies  well-suited  for 
reforesting  eroded  Piedmont  sites. 


METHODS 

The  study  area  consists  of  tv;o  eroded  , 
heavy  clay  upland  forest  sites  on  the  Clemson 
University  Experimental  Forest  in  the  upper 
Piedmont  of  South  Carolina.   Both  sites  were 
formerly  abandoned  agricultural  land  which  had 
60  tc  70-year-old.  iriixed-upland  hardwoods  and 
shortleaf  pine  growing  on  them.   Much  of  the 
shortleaf  pine  exhibited  symptoms  of  littlclepf 
disease,  indicating  the  poorness  of  the  soil,  an 
eroded  clay-loam  of  the  Cecil-Madison  associ- 
ation.  The  study  sites  were  clearcut,  sheared 
and  disked,  and  hand-planted  along  the  contour 
witli  1,0  bare-root  loblolly  pine  seedlings  at 
7x8  feet  spacing  in  late  Spring  of  1975.   A 
randomized  complete  block  experimental  design 
was  imposed  on  the  study  arcr.s  with  4  blocks, 
three  on  one  site  and  one  on  the  other  to 
account  for  possible  minor  site  quality  changes. 
Four  experimental  treatment?  were  randomly 
installed  in  each  block.   Treatments  were 
installed  on  one-eighth  acre  rectangular  plots 
with  one-half  chain  buffer  strips.   Treatment 
conditions  consisted  cif  (1)  a  control  with  no 
treatment,  (2)  broadcast  fertilization  with 
50  lbs  per  acre  (56    kg/ha)  of  NPK  in  comjnercial 
forn,  C3)  strip-sowing  inncrulated  sericea 
lespedeza  seed  at  25  lbs  per  acre  (28  kg/ha) 
between  rows  of  planted  pines,  and  ("4)  fertili- 
zation and  strip-sowing  sericea  at  the  preceding 
rates. 

Survival  and  height  of  all  seedlings  and 
basal  diairioter  of  every  fifth  seedling  were 
measured  at  i.  3,  5,  and  6  yrs.   After  5  growing 
seasons,  pine  seedling  abovegrcund  biom.ass  was 
determined  from  5  seedlings  harvested  at  random 
from  each  treatm.cnt  plot  (20    seedlings  per 
treatment).   Seedling  biomass  was  separated  into 
total,  stem,  limb,  and  needle  components  and 
dried  at  105°C  for  77  hrs  in  a  forced  air  oven 
before  weighing.   Pine  foliage  was  subsampled 
for  macro-nutrient  analysis  according  to 
suggestions  of  Veils  (1969).   Sericea,  other 
herbaceous,  and  non-pine  woody  aboveground 
biomass  was  determined  at  age  5  years  by 
clipping  and  weighing  20  randomly-selected, 
one-half  meter  square  plots  CO.  25  m^)  from  each 
one-eigbth  acre  treatm.ent  plot.   During  the 
summer  of  the  tl'ird  growing  season  soil  moisture 
measurements  were  taken  weekly  from  Bouyoucos 


blocks  buried  at  6  and  IP  inches  depth  at  four 
locations  in  each  treatment  plot;  soil  compact  c 
was  measured  monthly'  at  five  randomly  selected 
locations  in  each  plot  with  a  proving  ring 
penetrometer;  and  soil  organic  matter  was 
determined  by  the  Walkley-Black  method  from 
5  composite  soil  samples  taken  at  4-6  inches 
depth  in  each  plot.   The  significance  of 
treatment  mean  differences  was  tested  at  the 
.05  level  with  analysis  of  variance  procedure 
and  treatment  means  were  individually  compared 
vjith  Duncan's  New  Multiple  Range  Test. 


PESULTS  AND  DISCUSSION 


P 


Pine  height  and  diameter  at  age  six  were 
reduced  by  9.3  percent  and  13.2  percent, 
respectively ,  after  interplanting  on  an  eroded 
Piedmont  site  with  strip-sown  sericea  lespedez,- 
(Table  1).   Addition  of  NPK  fertilizer  at  the  f! 
of  strip-sowing  the  legume  improved  growth  of 
legumes  and  the  pines,  but  pine  heights  were  si 
significantly  less  than  those  on  the  control 
plots.   Survival,  which  was  below  normal  on  al! 
plots,  was  unaffected  bv  site  treatm.ents.   The 
reduced  survival  was  probably  due  to  an  extend; 
dry  period  that  occurred  following  the  tree 
planting  in  early  May. 

Table  1.  Mean  Height,  Diameter  and  Survival  oi 
Loblolly  Pine  Seedlings  Six  Years  After  Intel 
planting  with  Sericea  Lespedeza  on  an  Eroded 
Piedmont  Site. 


Height- 

Basal 

Treatment 

Diameter 

Survi  ■ 

(cm> 

(mm) 

Ci 

Control 

300a 

68a 

5':  I 

Fertilizer 

278bc 

63bc 

5<i 

Sericea 

272c 

59c 

5=1 

Sericea  -f 

Fertilizer 

282b 

65ab 

5: 

—  Means  within  columns  followed  by  same  letter 
not  significantly  different  at  the  .05  level. 
Mean  heights  are  based  on  an  average  of  221 
seedlings  per  treatment,  mean  diameters  on  an 
average  of  42  seedlings. 


Aboveground  biomass  of  sericea,  other  herb -^ 
ceous ,  and  non-pine  woody  plants  was  greatest   ! 
after  five  growing  seasons  on  the  plots  which  w 
fertilized  and  strip-sown  with  sericea  (Table  2 
Total  non-pine  aboveground  biomass  was  52  perce  i 
greater  on  fertilized  and  sericea-sown  plots  th  ' 
that  on  the  control  plots.   Sericea  comprised 
63  percent  of  the  treatment  biomass  differences 
The  strip-sown  sericea  was,  thus,  additive  to 
total  aboveground  biomass  rather  than  substitut  ' 
for  other  herbaceous  biomass  which  was,  in  fact 
increased  21  percent  by  the  fertilizer  and  serl  ■ 
treatment.   Except  for  the  addition  of  the  serl  f 
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he  strip-sown  plots,  the  other  treatnepts 
not  differ  in  total  non-pine  hiomass. 

e  2.   Mean  Oven  Dry  Weight  of  Sericea,  Other 
rbaceous,  and  Non-pine  Woody  Plants  Five 
ars  After  Interpl anting  Loblolly  Pine 
edlings  and  Sericea  Lespedeza  on  an  Eroded 
edmont  Site. 


itment 


All- 


1/ 


Woody     Other 
Sericea   Stems   Herbaceous 


-   -   -   - 

-     O.D. 

gm 

s/n.25 

rr^ 

-  -  -  - 

rol 

53.7a 

O.Oa 

8.0a 

A5.6a 

llizer 

53.5a 

0.3a 

6.5a 

46,7a 

cea 

57.1a 

A.  9b 

7.9a 

4A.2a 

cea  + 

rtilizer 

81.6b 

17.7c 

8.8a 

55.1b 

lumn  means  adjacent  to  same  letter  are  not 
Jificantly  different  at  the  .05  level.   Means 
ibased  on  clippings  from  80-0.25  m^  plots  per 
;tment . 


Mean  dry  weight  of 
slnexplicably  greate 
Lots  which  had  been 
than  that  on  plots 
r  (Table  3) ,  in  sp 
height  growth  was 

(Table  1).   The  n 
.ne  mean  dry  weight 
riea-sown  plots  was 
le  increased  dry  we 
T  les . 


planted  pine  se 
r  after  5  growin 

fertilized  and 

treated  in  any 
ite  of  the  fact 
greatest  on  the 
early  15  percent 

on  the  fertiliz 
comprised  almost 
ight  of  needles 


edlings 
g  seasons 
sericea- 
other 
that  six 
control 

increase 
ed  and 

equally 
and  stem 


plot  populations  (20  seedlings  versus  221 
seedlings  per  treatment},  the  mpan  heights  and 
diameters  of  the  set'dlings  samp''ed  for  dr^'  weight 
determinations  vrere  statistically  compared. 
Results  of  these  comparisons  showed  that,  rlthough 
the  biomass  sample  seedling  heights  did  not  dif^'er 
among  treatments,  seedling  basal  diameter  was 
significantly  greater  on  fertilized  and  sericea- 
sown  plots  than  on  fertilizer  treated  or  sericea- 
sown  plots.   However,  tree  diameter  was  not 
greater  than  that  on  the  control  plots.   Closer 
examination  of  the  data  in  Table  1  indicates  a 
very  similar  result  in  comparing  6-year  pine  basal 
diameters  among  treatments,  hut  seedling  height  is 
obviously  greatest  on  control  plots. 

Five-year  pine  stem  mean  dry  weight  was 
definitely  greater  on  plots  that  were  fertlMzed 
and  sericea-sown  than  on  plots  with  the  other 
treatments.   These  results  indicate  that  in  seme 
manner  the  sericea  is  causing  conditions  under 
which  the  pine  seedlings  develop  more  foliage 
and  heavier  stems  after  five  years,  yet  are 
shorter  than  control  seedlings  after  6  years. 
The  reduced  height  is  symptomatic  of  early 
height  growth  inhibition  through  soil  moisture 
competition,  which  remains  p'V'ident  even  after  six 
years.   The  increased  seedling  foliage  and  stem 
dry  weight  on  fertilized  and  serlcea-sown  plots 
may  be  due  to  an  improving  nutritional  status  of 
the  pine  seedlings.   However,  measurements  of  soil 
moisture,  organic  matter  and  soil  compaction  after 
3  years  failed  to  detect  any  treatment  effects  on 
these  soil  parameters.   Foliar  nutrient  analysis 
indicated  no  difference  in  foliage  nitrogen  con- 
tent among  treatments  after  five  growing  seasons. 
Pine  foliage  from  all  treatments  averaged 
1.1-1.2  percent  nitrogen  content,  dry  weight 
basis. 


si  3.   Mean  Oven  Dry  Weight  of  Needles, 
!.:ibs.  Stems,  and  Total  Seedlings  of  Loblolly 
?;|es  Five  Years  After  Interplanting  with 
Si'icea  Lespedeza  on  an  Eroded  Piedmont  Site. 


Total 


1/ 


dement     Seedling--   Needles    Limbs    Stem 


i 

-   gms 

O.D. 

wt    - 

-   - 



itol 

1171 

3a 

440 

lab 

247 

7a 

483 

4a 

rtlizer 

1099 

la 

411 

8a 

238 

Oa 

449 

3a 

riea 

1054 

5a 

402 

la 

215 

5a 

436 

9a 

rlsa   + 

Fejtilizer 

1345 

2b 

511 

6b 

265 

la 

568 

5b 

-o'jmn  means  adjacent  to  same  letter  are  not 
?nFicantly  different  at  the  .05  level.   Means 
J  ised  on  20  seedlings  per  treatment. 


ks  these  results  were  difficult  to  reconcile 
thjhe  six  year  pine  height  and  diameter  com- 
riiins  and  because  the  biomass  determinations 
pri  anted  a  small  subsample  of  the  treatment 


Fesults  similar  to  those  of  the  present  study 
have  been  reported  earlier.   Vogel  (1973)  reported 
that  sericea  lespedeza  inhibited  the  growth  of 
young  loblolly  pine  for  the  first  three  years 
after  planting  on  mine  spoils  in  F.entucky;  but, 
thereafter,  the  pines  planted  with  the  sericea 
have  grown  significantly  taller  than  those  planted 
with  grasses  alone.   Jorgenson  and  Craig  (1983) 
reported  that  after  seven  years  loblolly  pine 
trees  fertilized  with  ground  rock  phosphate  and 
sown  with  sericea  lespedeza  were  significantly 
greater  in  mean  cubic  volume  than  those  fertilized 
only  or  not  treated.   In  that  study,  tree  diameter 
increase  due  to  the  treatment  was  more  important 
than  height  increase  in  contributing  to  mean  tree 
volume  differences.   Results  of  the  present  study 
confirm  this  finding  as  the  increase  in  total  tree 
dry  weight  caused  by  fertilizer  and  sericea  was 
due  to  an  increase  in  stem  and  foliage  dry  weight 
but  not  to  an  increase  in  stem  height,  which  was 
in  fact  inhibited  by  the  treatment, 

Jorgenson  (1978)  reported  that  the  addition 
of  low  rates  of  fertilizer,  particularly  phosphorus, 
was  essential  for  establishment  of  most  legumes. 
Results  of  the  present  study  confirm  the  need  for 
an  initial  "starter"  fertilization  to  firmly 
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establish  lespede?;?.  on  eroderi  niarginal  sites  as 
sericea  biomass  was  increaECci  360  percent  by  NPK 
fertilization.   Soil  nutrient  analysis  indicated 
the  sites  were  lov"  in  phosphorus. 

Jorgenson  (1981)  mentions  that  sericea  can 
compete  vigorously  with  planted  trees  if  not 
managed  properly.   In  the  present  study,  although 
the  sericea  was  carefully  strip-sown  between 
rows  of  pine  seedlings,  it  was  seeded  at  the 
saire  time  the  pines  were  planted  and  in  2  few 
years  had  seeded  itself  densely  around  the 
pines,  thus,  becoming  a  strong  competitor  in 
addition  to  the  native  herbaceous  vegetation. 
Although  Jorgenson  (1981)  reported  that  at  no 
tine  in  a  similar  live-year  s»"udy  did  dense 
stands  of  sericea  have  a  negative  influence  on 
tree  growth,  the  present  study  clearly  shows  an 
inhibitory  effect,  at  least  on  height  growth, 
that  persisted  even  after  six  years  on  the 
eroded  Piedmont  soils.   It  is  hoped,  however, 
that  the  enhanced  tree  stem  and  foliage  biorass, 
apparently  resulting  from  the  fertiliser  and 
sericea  treatment,  will  mani<"est  itself  in  a 
growth  acceleration  over  the  next  several  years 
as  crown  closure  occurs  and  herbaceous  vegeta- 
tion is  shaded  out.   The  plantings  v/ill  be 
followed  for  another  5-10  yecrs  to  ascertain  the 
long  term  benefits  of  sowing  the  legume  and  to 
assess  the  econoinic  implications  of  the 
biological  site  airelioration. 
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FERTILIZATION,  IRRIGATION,  AND  SITE  FACTORS  CONTINUE  TO  AFFECT 

TREE  GROWTH  AFTER  18  GROWING  SEASONS- 

2/ 
by  J. P.  Groton  Jr.  and  E.R.  Bucknei^ 


Abstract. — At  the  end  of  18  growing  seasons,  significant 
growth  differences  were  still  apparent  from  fertilizer  applied 
at  planting  time  and/or  irrigation  treatments  applied  the 
first  seven  years  following  planting.   Two  south  facing  slope 
positions  were  planted  with  loblolly  pine  (Pinus  taeda  L.), 
sweetgum  (Liquidambar  styracif lua  L.),  and  yellow-poplar 
(Liriodendron  tulipif era  L. ) .   The  upper  slope  position  was 
originally  a  relatively  undisturbed  oak-hickory  forest;  the 
lower  slope  site  was  an  eroded  old  field  with  a  20-year-old 
stand  of  shortleaf  and  Virginia  pine.   Soils  in  the  area  are 
Typic  Paleudults. 

Loblolly  pine  was  the  least  responsive  species  to 
treatments.   However,  it  outgrew  all  species  under  all  condi- 
tions tested  except  for  yellow-poplar  on  the  fertilized  and 
irrigated  upper  slope  position.   Irrigation  appeared  to 
retard  its  growth  on  the  lower  slope  position. 

Sweetgum  appeared  to  be  somewhat  more  responsive  to 
treatments.   While  there  were  no  apparent  treatment 
influences  on  the  upper  slope  position;  this  was  not  the 
case  on  the  lower  slope.   There  the  tallest  trees  were  in 
fertilized  plots  while  irrigation  appeared  to  have  a  negative 
influence  on  growth. 

Yellow-poplar  appeared  to  be  highly  sensitive  to  treat- 
ments on  both  slope  positions.   On  the  lower  slope  tree 
height  was  significantly  greater  in  fertilized  plots,  both 
with  and  without  irrigation,  while  tree  height  appeared  to  be 
reduced  in  lower  slope  plots  receiving  only  irrigation.   The 
tallest  trees  in  the  study  were  in  fertilized  and  irrigated 
plots  on  the  upper  slope  position.   Their  relative  advantage 
was  much  less  after  18  years  than  was  the  case  after  seven 
years . 

Analysis  of  growth  rates  since  1971  shows  that  the 
growth  advantage  (for  all  species)  has  shifted  from  the 
undisturbed  forest  soil  on  the  upper  slope  to  the  old  field 
soil  on  the  lower  slope.   This  indicates  the  lower  slope 
soils  are  recovering  from  the  old  field  condition.   If 
present  trends  continue  within  ten  years  all  growth  differ- 
ences between  treatments  will  disappear  and  trees  on  lower 
slope  plots  will  outgrow  trees  on  the  upper  slope  site. 
This  is  already  true  for  loblolly  pine  and  sweetgum.   Any 
treatment  effects  evident  today  are  apparently  the  result 
of  a  carry  over  effect  from  the  early  treatments  and  are 
not  due  to  a  continued  treatment  response. 


—  Paper  presented  at  Southern  Silvicultural 
sarch  Conference,  Atlanta,  Georgia,  November 
81  1984. 

2/ 

]—  Graduate  Assistant  and  Professor  of  Forestry 

sjctively,  The  University  of  Tennessee,  Dept. of 
rstry.  Wildlife  &  Fisheries;  Knoxville,  TN  37901 
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INTRODUCTION 

Alternate  uses  combined  with  the  high  value 
of  forest  land  encourage  the  forest  manager  to 
reduce  rotation  length  and  increase  wood  volume 
production.   Shortages  of  soil  moisture  and 
nutrients  frequently  limit  plant  growth.   Irriga- 
tion and  fertilization  have  been  used  successfully 
and  increase  crop  yields.   The  use  of  these  prac- 
tices in  forestry  have  been  primarily  confined  to 
specialty  crops  such  as  seedling  nurseries  and  seed, 
orchards  (Pritchett,  1979). 

Buckner  and  Maki  (1977)  demonstrated  signi- 
ficant increases  in  tree  growth  when  irrigation 
and/or  fertilization  treatments  were  applied  at 
the  time. of  stand  establishment  and  during  the 
early  growth  period  in  a  forest  plantation  in 
east  Tennessee.   Long-term  effects  and  economic 
feasibility  of  such  practices  in  forest  plantations 
are  largely  unknown.   The  present  study  was  initia- 
ted to  re-evaluate  tree  growth  18  years  after 
planting  and  to  identify  changes  in  growth  patterns 
that  have  occurred  in  the  11  years  since  the  last 
measurement . 


SITE  DESCRIPTION 

Buckner  and  Maki  (1977)  established  an  experi- 
ment to  evaluate  the  extent  to  which  deficiencies 
of  soil  moisture  and  nutrients  limit  the  early 
growth  of  four  widely  distributed  forest  species: 
loblolly  pine  (Pinus  taeda  L.),  sweetgum 
(Liquidambar  styraclf lua  L.),  yellow-poplar 
(Liriodendron  tulipifera  L. ) ,  and  northern  red  oak 
(Quercus  rubra  L.).   The  study  was  conducted  on 
the  south-facing  slope  of  an  east-west  oriented 
ridge  in  the  Ridge  and  Valley  Province  of  east 
Tennessee.   Two  slope  positions  were  cleared  for 
planting,  an  upper  slope  site  near  the  ridge  crest 
and  a  lower  slope  site  on  the  toeslope  and  valley 
floor.   Prior  to  clearing, the  upper-slope  position 
supported  a  mature  mixed  oak-hickory  stand  that 
indicated  a  relatively  undisturbed  forest  condi- 
tion over  the  past  century. 

In  contrast  the  lower  slope  site  was  an  old 
field  that  supported  a  20-year  old  mixed  shortleaf 
and  Virginia  pine  stand.   While  this  was  the 
potentially  better  of  the  two  sites,  past  agricul- 
tural practices  had  caused  significant  site 
degradation.   Sheet  erosion  had  been  the  primary 
agent  responsible  for  the  removal  of  most  of  the 
original  A  soil  horizon.   These  differences  in  the 
two  sites  attributable  to  previous  land-use,  were 
confounded  with  differences  due  to  slope  position. 

The  predominant  soil  on  the  upper  slope  was 
Claiborne  silt  loam  (Typic  Paleudult,  fine-loamy, 
siliceous,  mesic) ,  a  well-drained  forest  soil 
formed  in  the  residuum  of  dolomite.   It  has  a 
thick  A  horizon,  rich  in  organic  matter,  and  has  a 
silt  loam  texture  allowing  for  rapid  infiltration. 
The  thick  B  horizon  is  also  highly  permeable. 


Lower  slope  soils  were  Fullerton  and  Minva ( 
cherty  silt  loam  (Typic  Paleudult,  clayey,  kaol  i 
tic,  thermic  and  fine-loamy,  siliceous,  thermic 
respectively) .   These  soils  are  characterized  b 
thin  A  horizon  overlying  a  moderately  thick  E 
horizon.   The  Fullerton  soil  has  a  thick  clayey  1 
horizon  which  is  correspondingly  less  permeable 
than  the  Claiborne  soil.   While  the  Fullerton  s  i 
has  a  higher  CEC  than  the  Claiborne  soil,  the 
physical  properties  are  not  as  good.   This  is 
aggravated  when  most  of  the  A  horizon  has  been 
eroded.   The  Minvale  soil  had  a  lower  clay  cent' r 
then  the  Fullerton.   The  chert  content  of  both 
soils  was  so  high  that  it  interfered  greatly  w  t 
soil  moisture  storage  and  rooting  volume. 


PROCEDURE 


& 


m 


All  four  species  were  represented  in  each 
treatment  plot  as  25-tree  "species"  subplots  wii  i 
five  rows  of  five  trees  each;  spacing  was  7  ft.  t 
7  ft.   A  randomized  complete  block  design  was  ui  3 
with  four  replications  on  both  slope  positions.- 
Treatments  were:   1)  fertilization,  2)  irrigatifil '■' 
3)  fertilization  and  irrigation  in  combination,   " 
and  4)  controls.   The  fertilizer  treatment,  app] 
only  at  planting,  consisted  of  N  at  33  pounds  ptJ,'-' 
acre,  45  pounds  per  acre  of  P,  and  4  pounds  peiiP' 
acre  of  Mg  placed  in  the  closing  hole.   Irriga- aj '•'! 
tion  treatments  were  applied  for  the  first  seveivp' 
years  during  the  summer  months  as  needed  to  mairi'p'' 
tain  soil  moisture  tension  below  two  atmospheresrij" 
(Buckner  and  Maki,  1977).  f*' 


Figures  lA  and  B  show  the  height  of  the  foi 
species  after  seven  growing  seasons.   The  talles 
trees  in  the  study  at  seven  years  were  yellow- 
poplar  growing  where  irrigation  and  fertilizer 
treatments  were  applied  to  the  undisturbed  fores ' 
soil  (upper  slope  position).   Yellow-poplar 
generally  performed  better  on  the  upper  slope  si» 
than  on  the  eroded  lowr  slope  old  field  soil. 


ih 


Figure  lA. — Total  height  after  seven  growing 
seasons  for  all  species-lower  slope  site. 
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|re  IB. — Total  height  after  seven  growing  seasons 
for  all  species-upper  slope  site, 
-  for  all  figures  -  TRT=treatinents ,  C=control, 
tilized,  l=irrigated,  IF=irrigated  and  ferti- 
!i|l,  SPEC=species,  LP=loblolly  pine,  NRO=northem 
1  ak,  SG=sweetgum,  YP=yellow-poplar) 


Sweetgum  had  a  response  pattern  similar  to 
of  yellow-poplar  but  appeared  less  sensitive 
e  site/ treatment  variables  tested.   Sweetgum 
better  than  yellow-poplar  on  the  poor  sites 
ould  not  compete  with  yellow-poplar  on  the 
r  sites.   Loblolly  pine  showed  little  response 
y  of  the  site/treatment  combinations  tested, 
tgrew  all  other  species  over  the  range  of 
treatment  variables  tested  except  on  the  upper 
,  irrigated  and  fertilized  plots  where  the 
w-poplar  was  taller.   Northern  red  oak  per- 

rrjd  poorly  under  all  conditions  tested  and  was 

:  Included  in  further  analyses. 


iSince  treatments  were  apparently  stimulating 
jiificant  growth  responses  after  seven  years, 
L£|Study  was  initiated  to  determine  if  growth 
ijjnses  were  still  evident  after  18  years  and 

taluate  changes  in  relative  growth  rates, 
J6|  at  the  study  site  were  remeasured  in  the 
Mr   of  1982-1983.   Growth  was  evaluated  using 
'.c\   height  of  dominant  and  co-dominant  trees, 
Ljdominant  and  co-dominant  trees  were  used  to 
Linate  effects  of  inter-tree  competition. 


RESULTS  AND  DISCUSSION 

Growth  in  this  discussion  will  be  confined  to 
tej  tree  height  because  this  is  a  frequent 
isre  of  site  porductivity  (Husch  et  al,  1982), 
Lsalso  facilitates  the  comparison  of  growth  data 
Even  years  with  18-year  data  since  height 
3Vh  was  used  as  an  indicator  of  site  quality 
te  seven  growing  seasons  (Buckner  and  Maki, 
7/j.   Figures  2-4  present  the  comparitive  height 
)vh  for  the  three  test  species  during  the  two 
3i«h  periods  being  compared  (1965-1971  and  1971- 
i2   and  their  total  height  at  the  end  of  18 
>Vi;ng  seasons  (1982).   In  comparing  the  two 
)vri  periods,  it  should  be  recognized  that  many 
retrees  were  the  basis  for  height  averages  after 
'€  years  than  was  the  case  for  18-year  averages, 
3etially  all  of  the  planted  seedlings  that  lived 
cestui  free  to  grow  after  the  seventh  growing 


season,  while  competition  had  suppressed  or  killed 
many  stems  by  the  18th  season.   Had  only  these 
stems  free-to-grow  after  the  seventh  season  been 
used  in  the  18-year  measurement,  growth  differences 
between  the  two  periods  would  have  been  less. 

Yellow-poplar: — Figure  2A  presents  average 
height  growth  per  year  for  yellow-poplar  for  the 
period  1965  to  1971.   During  these  seven  growing 
seasons,  better  growth  occurred  on  the  undisturbed 
forest  soil,  the  upper  slope  site,  than  on  the  old 
field  soil.   Growth  was  greater  in  fertilized 
plots  on  both  slope  positions  but  growth  on  irri- 
gated plots  was  significantly  better  only  on  the 
upper  slope.   The  greatest  height  growth  for  all 
species/site/treatment  variables  tested  was 
yellow-poplar  in  irrigated  and  fertilized  plots 
on  the  upper  slope. 

The  poor  performance  of  this  species  was 
attributed  to  soil  conditions  related  to  past 
land  use.   Russell  (1977)  reported  old  fields 
were  often  poor  sites  for  yellow-poplar  usually 
due  to  erosion,  soil  compaction,  or  depletion 
of  soil  nutrients.   These  are  possible  reasons 
why  growth  of  this  species  did  not  perform  well 
on  a  land  form  where  yellow-poplar  has  typically 
performed  well  in  this  region  (Smalley  1964) . 
Better  growth  in  fertilized  plots  likely  reflects 
the  inherently  low  fertility  of  soils  in  the 
study  area  (Typic  Paleudults).   Significantly 
greater  growth  in  irrigated  plots  on  the  upper 
slope  compared  to  no  apparent  response  on  the 
lower  slope  indicates  the  influence  of  slope 
position  on  available  water  for  tree  growth. 
The  effects  of  irrigation  and  fertilization  were 
apparently  additive  when  supplied  together  on 
the  upper  slope  suggesting  their  independent 
influence  on  growth  on  this  site. 

Significant  changes  in  relative  growth  rates 
among  .treatments  were  apparent  during  the  second 
growth  period  (1971-1982)  (Figure  2B) ,   No  addi- 
tional fertilizer  applications  were  made  (ferti- 
lized only  at  planting  time)  and  irrigation  was 
discontinued  at  the  end  of  the  6th  growing  season. 
The  growth  advantage  attributed  to  the  undisturbed 
forest  soil  on  the  upper  slope  that  was  apparent 
for  the  first  growth  period  was  no  longer  present. 
The  recovery  of  the  lower  slope  may  be  due  to  the 
restorative  influence  of  trees  and  associated 
soil  micro-organisms  on  the  old  field  soil 
(Clark,  1964;  Carmean  et  al,  1976). 

Treatment  effects  were  no  longer  apparent 
during  the  second  growth  period.   The  only  signi- 
ficant change  in  growth  during  this  growth  period 
was  slow  growth  in  the  lower  slope  plots  that 
were  irrigated  during  the  first  growth  period. 
Growth  was  somewhat  better  where  fertilizer  was 
added.   Although  less  evident  this  same  pattern 
occurred  on  the  upper  slope.   If  real  it  may 
reflect  a  leaching  effect  that  carried  over  from 
the  earlier  irrigation  treatment. 

Differences  in  total  height  after  the  1982 
growing  season  are  due  largely  to  carry-over  site 
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and  treatment  differences  that  existed  at  the 
end  of  the  first  growth  period.   If  growing 
conditions  on  the  lower  slope  continue  to  improve 
over  the  next  decade  as  they  have  over  the  last 
growth  period,  these  trees  will  be  considerably 
taller  than  those  on  the  upper  slope  at  that  time. 


AVEHTVl 
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Sweet gum. — After  seven  growing  seasons, 
sweetgum  showed  a  response  to  treatments  on  b. 
sites  that  was  similar  to  that  of  yellow-popl,  i 
although  differences  were  not  as  great.   Grow  - 
was  generally  better  on  the  upper  slope,  forest 
soil.   Fertilization  and  irrigation  appeared  t: 
have  positive  influences  on  both  slope  positi<  - 
with  the  best  growth  on  the  upper  slope  where 
both  treatments  were  applied.   Additive  effect; 
where  both  treatments  were  applied  were  less 
apparent  than  for  yellow-poplar.   The  subdued 
response  of  sweetgum  to  the  site  variables  tes  . 
indicates  that  it  is  less  sensitive  to  site  cc  i 
tions  than  yellow-poplar. 
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Figure  2A. — Mean  annual  height  growth  for  yellow- 
poplar  (1965-1971). 
Note  LS  =  lower  slope,  US  =  upper  slope. 

Figure  2B.--Mean  annual  height  growth  for  yel lew- 
poplar  (1971-1982). 

Figure  2C. — Total  height  of  yellov^-poplar  after  li 
growing  seasons. 
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Figure  3A. — Mean  annual  height  growth  for  swee 
(1965-1971)  . 

Figure  3B. — Mean  annual  height  growth  for  swee  (!i 
(1971-1982). 

Figure  3C. — Total  height  of  sweetgum  after  18 
growing  seasons. 
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In  the  second  growth  period,  several  reversals 
in  performance  were  observed.   Growth  was  consider- 
ably better  on  the  lower  slope  position.   There 
were  no  significant  differences  between  treatment 
effects  with  the  best  growth  generally  occurring 
in  the  controls. 

Total  height  after  18  seasons  shows  little 
effect  of  the  site  variables  tested  with  the 
ipossible  exception  of  fertilization  on  the  lower 
Islope  position.   As  was  true  for  yellow-poplar, 
irrigation  appeared  to  have  a  negative  influence 
on  growth  on  the  lower  slope. 

Loblolly  Pine: — After  seven  growing  seasons, 
loblolly  pine  showed  little  response  to  the  site 
variables  tested.   However,  it  outgrew  all  other 
species  under  all  conditions  tested  except  yellow- 
poplar  on  the  fertilized  and  irrigated  upper  slope 
position.   Once  again,  irrigation  on  the  lower 
slope  position  appeared  to  retard  growth.   If  the 
Dther  growth  differences  observed  during  this 
Dsriod  were  related  to  the  site  variables  tested, 
the  differences  were  so  small  that  they  would  be  of 
Little  practical  significance. 
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Figure  4A. — Mean  annual  height  growth  for  loblolly 
pine  (1965-1971). 

Figure  4B. — Mean  annual  height  growth  for  loblolly 
pine  (1971-1982). 

Figure  AC. --Total  height  of  loblolly  pine  after  18 
growing  seasons. 


During  the  next  growth  period,  the  best  growth 
was  in  control  plots  on  both  slope  positions  and 
overall  growth  was  better  on  the  lower  slope.   This 
further  supports  the  recovery  of  the  lower  slope 
from  old  field  conditions  that  suppress  growth. 
As  was  true  for  sweetgum,  total  height  after  18 
seasons  was  now  greater  on  the  lower  slope.   If 
present  growth  trends  continue,  this  will  also  be 
true  for  yellow-poplar  within  the  next  few  years. 


SUMMARY  AND  CONCLUSIONS 

1)   At  the  end  of  18  growing  seasons,  growth 
differences  due  to  early  treatments  have  dissipated 
over  time. 
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Yellow-poplar  still  exhibits  greatest  sensi- 
tivity to  site/treatment  variables  tested,  sweetgum 
only  moderate  sensitivity  while  loblolly  pine  per- 
formed well  under  all  conditions,  exhibiting  little 
sensitivity  to  site  differences  and  treatments. 

2)  While  total  height  is  still  greatest  on 
the  undisturbed  upper  slope,  forest  soil  growth 
since  1971  is  now  occurring  on  the  lower  slope 
site.   This  indicates  this  old  field  site  is 
recovering  under  the  influence  of  the  forested 
condition  (Clark,  1964;  Carmean  et  al,  1976). 

3)  Height  for  trees  on  the  lower  slope  should 
be  greater  than  that  on  the  upper  slope  position 
within  the  next  few  years  as  trees  and  associated 
organisms  more  fully  occupy  and  recondition  the 
lower  slope  site. 
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PROGRESS  IM  TISSUE  ANALYSTS  TO  DETERMINE 

THE  RESPONSE  OF  LOBLOLLY  PINE  TO  NITROGEN  FERTILtZATIONi 

Coslmo  Cotrufo^ 


Abstract. — Several  tls 
pine  (Plnus  taeda  L. )  were 
that  tests  Indicating  Incre 
reflect  the  N  nutrition  of 
in  recently  fallen  needles 
xylera,  and  total  soluble  N 
were  greater  In  fertilized 
drainage  and  P  nutrition  se 
tlon  of  arglnine  N  as  an  as 


sue  methods  for  N  assay  of  loblolly 
evaluated  under  the  assumptions 
ased  tissue  N  from  fertilization 
the  trees.   Nitrogen  concentration 
sampled  In  November,  total  N  In 
and  arglnine  N  of  twigs  and  needles 
than  unfertilized  trees;  however, 
rlously  complicate  the  interpreta- 
say  for  N  nutrition. 


INTRODUCTION 

Traditionally,  total  needle  nitrogen  (N)  and 
1  N  are  used  for  the  N  assay  of  a  loblolly  pine 
iljnd.  Total  needle  N,  however,  is  not  always  a 
;(jd  indicator  of  the  N  status  of  loblolly  pine 
:i|nus  taeda  L.)  (Ballard  1980,  Wells  et  al. 
.'i6).  Obviously,  then,  to  develop  a  diagnostic 
:«jt  for  N  In  a  loblolly  pine  stand,  other  tree 
:j!sues  and  N  compounds  need  to  be  examined 
;Otrufo  1983,  Cotrufo  and  Wells  1984).  This 
:«;ort  summarizes  several  alternative  methods  for 
ifaylng  N  status:  total  N  In  needlefall,  needles, 
>gs,  and  xylem;  and  soluble  and  arglnine  N  In 
:t|  needles  and  twigs.   Soil  N  was  not  considered 
^tthls  work. 


TOTAL  N  IN  LITTERFALL 

Nitrogen  in  fallen  needles  has  been  suggested 
isa  means  of  evaluating  the  N  status  of  trees 
>ller  and  Miller  1976).   In  November  1976,  over 
t  -day  period,  we  sampled  freshly  fallen  needles 
iTiduplicate  plots  located  on  two  well-drained 
'idmont  sites — a  Whitestore  soil  located  at 
le^arch  Triangle  Park,  N.C.  (RTF),  fertilized  at 
.3  and  275  pounds  N/acre  3  years  earlier;  and  a 
:0Dlex  of  Cecil,  Appling,  and  Durham  soils 
.cited  near  Saxapahaw,  N.C,  at  the  International 
illogical  Program  (IBP)  site  fertilized  with  200 
>oids  N/acre  5  years  earlier  (Cotrufo  and  Wells 
.9'4)  (Table  1). 

Nitrogen  fertilization  Increased  the  con- 
etratlon  of  total  N  In  needlefall  at  the  IBP 


I  ^Paper  presented  at  Third  Biennial  Southern 
ilj'icultural  Research  Conference,  Atlanta, 
5e-gla,  November  7-8,  1984. 

^Plant  physiologist,  U.S.  Department  of 
•g  culture.  Forest  Service,  Southeastern  Forest 
ixirlment  Station,  Research  Triangle  Park,  N.C. 


location.   At  the  RTP  location,  needles  from  fer- 
tilized and  unfertilized  litterfall  showed  no 
significant  differences  in  their  lower  values  for  N 
concentrations  compared  with  controls.  Litterfall  N 
tended  to  be  lower  at  the  138  pound/acre  rate  and 
higher  at  the  275  pound/acre  rate  than  the  control. 
The  lower  N  concentration  for  the  138  pound/acre 
rate  possibly  can  be  attributed  to  soil  and  stand 
variability  compared  with  the  control  and  the  275 
pound  rate.   On  the  IBP  plots,  studies  in  nutrient 
cycling  showed  a  significant  effect  of  N  fer- 
tilization on  November  needlefall  N  concentration 
for  3  years  after  treatment  (Table  2),  and  no 
significant  difference  thereafter.   The  nutrient 
cycling  data  were  for  needlefall  collected  monthly, 
thus  allowing  for  some  leaching  to  take  place.   The 
significant  difference  due  to  treatment  in  the 
freshly  collected  needles  was  probably  due  to  mini- 
mal leaching  after  litterfall,  although  differences 
in  N  related  to  treatment  are  still  small  compared 
with  those  found  during  the  first  3  years. 

Results  from  the  two  locations  Indicate  the 
change  in  N  status  of  the  trees  following  fertiliza- 
tion was  reflected  In  litterfall.   The  change  could 
still  be  measured  when  recently  fallen  needles  were 
collected  In  November,  more  than  5  years  after  fer- 
tilization, but  not  In  needles  exposed  to  leaching. 

TOTAL,  SOLUBLE,  AND  ARGININE  N 

If  the  effect  of  fertilization  lasts  3  or 
possibly  5  years  In  needlefall,  then  how  long  would 
it  last  In  other  tissue?  On  these  same  IBP  plots, 
5  years  after  fertilization,  the  total  N  in  2-  to 
3-year-old  xylem,  and  current  needles  and  twigs  was 
significantly  greater  where  fertilizer  was  applied 
(Table  3).   After  9  years,  the  Increase  In  total  N 
was  significantly  greater  only  In  the  xylem,  with 
no  difference  in  N  content  of  twigs  and  current 
needles. 

Total  soluble  and  arglnine  N  were  measured  In 
needle  and  twig  samples  collected  9  years  after 
fertilization  (Table  4).  Arglnine  N  appeared  to 
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Table  1. — Concentration  of  total  N  in  fresh  needlefall  in  November  for 
fertilized  and  unfertilized  trees  at  two  locations 


Fertilizer  N  (lb/acre) 


Location  0  138  200         273 


-N%- 


RTP  0.52        0.44        —  0.59 

IBP  .52   .       —        0.58* 

Significantly  different  by  location  at  the  5  percent  level. 

RTF  =  Research  Triangle  Park,  IBF  =  International  Biological  Frogram,  N.C. 


Table  2. — Effects  of  time  on  the  total  N  in  November  needlefall  for  6  years 
after  fertilization  beginning  in  April  1971,  at  the  International 
Biological  Program  site,  N.C. 


November 

Unfertilized 

Fertilized 

Difference 

-N% 

%  change 

1971 

0.470 

0.645** 

37 

1972 

.480 

.670* 

36 

1973 

.475 

.605* 

28 

1974 

.350 

.390 

11 

1975 

.505 

.560 

11 

1976 

.525 

.520 

-1 

Significant  at  1  percent  level. 
Significant  at  5  percent  level. 


Table  3. — Total  nitrogen  in  wood,  needles,  and  twigs  5  and  9  years  after 
fertilization,  at  the  International  Biological  Program  site,  N.C. 


5 

years 

9 

years 

Tissue 

Fertili 

zer  N  (lb/acre) 

0 

200 

0 

200 

Wood,  2-3  years  old 
Needles,  current 
Twigs,  current 

0.078 

1.27 
.54 

0.102** 

1.39** 
.69** 

-N% 

0.076 
1.32 
.58 

0.103* 

1.45 
.59 

Significant  at  1  percent  level. 
Significant  at  5  percent  level. 
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Table  4. — The  concentrations  of  total  soluble  and  arglnlne  N  in  loblolly 
pine  needles  and  twigs  9  years  after  fertilization,  at  the  International 
Biological  Program  site,  N.C. 


N-f Taction 
and  tissue 


Soluble  N 

Needles 
Twigs 

Arginine  N 

Needles 
Twigs 


Fertiliser  N  (lb/acre) 
0  n"200  /,% 


0.138 
.069 


.0060 
.0050 


0.136 
.066 


.0068 
.0070 


-1 
-3 


13 

40 


ji  greater  in  the  fertilized  treatment;  however, 
ii  to  high  sample  and  analytical  variability,  the 
Li  reases  were  not  statistically  significant. 

I  In  the  evaluation  of  total  soluble  and  argi- 
i:j.e  N  9  years  after  fertilization,  only  total  N 
Li!the  2-  to  3-year-old  wood  from  the  fertilized 
3|ts  was  signiticantly  greater  than  from  the 
:i  responding  tissue  of  the  nonf ertilized  treat- 
m^ts. 

I  In  a  study  on  the  Santee  Experimental  Forest, 
5<ith  Carolina,  a  comparison  v/as  made  between  non- 
tillzed  and  loblolly  pine  fertilized  with  N,  P, 
K  and  grown  on  well-drained  and  very  poorly 
ined  sites  (Files,  Southeasterii  Forest 
eriment  Station,  Forestry  Sciences  Laboratory, 
rleston,  S.C.).  Needle  samples  were  collected 
March  from  the  first  flush  of  the  previous 
wing  season  and  from  those  of  the  current 
wing  season  in  August  and  November.   Results 
ra  means  of  the  three  sample  dates  are  sum- 
ized  in  Table  5.  Total  needle  H   was  greater  on 


pine  grown  on  the  wet  site,  although  tree  growth 
was  less.   Total  and  soluble  N  were  not  greatly 
influenced  by  fertilization  vjith  N,  P,  and  K 
although  fertilization  tended  to  increase  soluble  N 
on  the  well-drained  site  and  decrease  it  on  the 
poorly  drained  site.   Fertilization  had  no  effect 
on  the  arginine  N  co\icentration  in  needles  from  the 
well-drained  sites.   Fertilization  of  the  wet  site 
reduced  the  concentration  of  arginine  N  by  a  factor 
of  6.6,  probably  as  a  result  of  improved  P 
nutrition. 

The  addition  of  fertilizer  did  increase  needle 
P  for  both  sites;  however,  with  P  fertilization  the 
wet  site  needles  had  a  P  concentration  only 
slightly  greater  than  did  those  on  the  nonfer- 
tilized  dry  site.   Needles  on  both  sites  had  P  con- 
centrations below  0.1  percent,  which  is  considered 
essential  for  proper  growth  of  loblolly  pine. 

The  data  show  that  total  N  is  not  a  good  indi- 
cator of  the  N  status  of  trees.   While  no  data  are 
offered  here,  the  trees  on  the  wet  site  were  rather 


Table  5. — The  effects  of  fertilizer  on  N  fraction  and  on  P  in  loblolly  needles  taken 
from  well-drained  and  very  poorly  drained  sites,  Santee  Experimental  Forest,  S.C. 


Site 
condition 


Total  N 


Soluble  N 


Arginine  N 


Ferti-  No  ferti-  Ferti-  No  ferti-  Fertl-  No  ferti- 
lizer  lizer     llzer   lizer     lizer   lizer 


Total  P 


Ferti-  No  ferti- 
lizer   lizer 


Well  drained   1.115   1.082     0.164   0.144 

Very  poorly    1.283  1.306      .146    .191 
drained 


-N%- 


0.0053   0.0056 
.0104    .0684 


0.096   0.086 
.088    .065 
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scrawny  looking,  whereas  those  oa  the  drained  site 
were    fuller.   The  high  arglnlne  N  appears  to  be 
more  of  an  Indicator  of  P  deflcleacy  rather  than 
that  of  N  status. 


XYi,RM  N  th:st  on  six  fkrtilization  sitrs 


Xylem  N  as  an  assay  for 
uatad  In  an  Investigation  of 
tests  by  the  North  Carolina  S 
Fertilization  Cooperative  (Fl 
of  Forest  Resources,  N.C.  Sta 
Raleigh,  N.C).   Increoieat  co 
February,  2  years  after  fertl 
rings  were  separated  by  years 
centratlon  of  2-  and  3-year-o 
control  plots  was  related  to 
to  N  fertilization.   There  we 
replicates  per  site  in  these 
stands. 


N  status  was  eval- 
slx  fertilization 
tate  Forest 
les,  NCSfPC,  School 
te  University, 
res  were  collected  in 
lizatlon.   The  core 
,  and  the  N  con- 
Id  wood  of  the 
volume  response  due 
re  three  or  four 
11-  to  21-year-old 


Percentage  N  In  the  2-  and  3-year-old  xylem 
of  five  of  the  six  tests  was  0.060  to  0.067 
(Table  6).   Response  to  N  fertilization  increased 
volume  growth  from  13  to  206  percent,  but  there 
was  nc  relationship  of  growth  to  xylem  N  percen- 
tage.  The  site  with  0.083  percent  N  in  the  xylem 
failed  to  respond  to  N  fertilization. 


A  6-year-o 
tilizatlon  trea 
Southeastern  Fo 
Sciences  Labora 
N.C).  One-year 
and  0.109  perce 
untreated,  fert 
and  serlcea  les 
volume  response 
and  serlcea  tre 


Id  study  with  legumes  and  fer- 
tments  was  sampled  (Files, 
rest  Fxperlinent  Station,  Forestry 
tory.  Research  Triangle  Park, 
-old  xylem  contained  0.086,  0.102, 
nt  N,  respectively,  for  the 
lllzed  (150  pounds  of  N  per  acre), 
pedeza  treatments.   Significant 
s  were  obtained  for  fertilization 
atments. 


tlon  persisted  for  5  years  after  N  fertllizatl  i 
This  suggests  native  N  nutrition  is  reflected  i 
litterfall. 

(2)  Total  N  in  the  xylem  was  Increased  b 
fertilization;  however,  limited  investigations 
failed  to  show  strong  relationships  between  xy  t d 
and  a  response  to  N  fertilization. 

(3)  Total  soluble  N  in  needles  and  twigs  d 
not  show  a  response  to  N  fertilizer  applied  9  rs 
earlier  in  the  Piedmont  or  2  years  earlier  in  f 
Coastal  Plain.   The  arglnine  fraction  of  solub  ; 
appeared  sensitive  to  fertilization;  however, 
sample  and  analytical  variability  were  high. 

(4)  In  a  comparison  between  a  very  poorl; 
drained  and  a  well-drained  coastal  plain  site,  :h 
with  and  without  fertilization,  arglnine  was 
increased  in  needle  samples  low  in  P.  The  eff« : 
of  drainage  and  P  nutrition  complicate  the  inter 
pretatlon  of  arglnine  as  an  assay  for  N  nutrltl  : 
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Table  6. — Volume  growth  response  to  fertilization  and  total  N 
concentrations  in  2-  and  3-year-old  xylem 


Study 


Xylem  N 


Growth  response 


N%- 


%  change 


Chesapeake  R-9 
Continental  R-9 
Chesapeake  R-3 
Union  Camp  R-9 
Weyerhaeuser  R-9 
Westvaco  R-9 


0.083 
.060 
.067 
.061 
.063 
.064 


-30 
69 
16 

206 
19 
13 


Files  at  NCSFFC,  School  of  Forest  Resources,  N.C.  State  University, 
Raleigh,  N.C. 
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PHOSPHORUS  REQUIREMENTS  FOR  ESTABLISHMENT  OF  DUAL-CROPPED  LOBLOLLY  PINE- 

2/ 
Allan  E.  Tiarks- 


Abstract. — An  ongoing  field  experiment  was  established 
in  1982  to  find  the  potential  of  dual-cropping  pine  for 
sawtimber  and  blomass  production.   Also,  the  effect  of 
■phosphorus  fertilizer  on  early  growth  of  the  two  crops  was 
analyzed.   Genetically  superior  loblolly  pine  seedlings  were 
planted  at  a  spacing  of  2  by  3  m.   In  the  same  year,  geneti- 
cally unimproved  loblolly  pine  was  direct-seeded  in  a 
1.5-m-wide  swath  between  the  planted  rows  on  two-thirds  of 
each  plot.   The  seeded  subplots  will  be  harvested  at  two  dif- 
ferent times  to  determine  the  biomass  production  and  the 
effect  on  the  planted  trees.  Phosphorus  was  applied  at  rates 
of  0,  81,  162,  and  324  kg/ha.   The  two  laboratory  methods 
used  to  predict  the  phosphorus  requirement  were  the 
phosphorus  sorption  curves  and  the  desorption  of  added 
phosphorus  with  an  available  phosphorus  extracting  solution. 

Both  planted  and  direct-seeded  pines  responded  to 
phosphorus  in  the  first  year,  but  in  the  second  year 
phosphorus  increased  the  height  of  only  the  planted  pines. 
The  phosphorus  sorption  curve  method  accurately  predicted  the 
amount  of  phosphorus  fertilizer  required  for  the  planted 
trees.   The  desorption  method  seriously  underestimated  the 
phosphorus  requirement. 


INTRODUCTION 

As  costs  of  establishing  pine  plantations 
increase,  it  becomes  more  important  to  derive 
some  income  from  the  stands  as  soon  as  possible. 
Systems  that  have  successfully  produced  returns 
in  the  early  phase  of  a  rotation  include  range 
utilization  in  southern  pine  and  Intercropping 
with  annual  crops  in  northern  hardwoods.   Range 
utilization  is  not  always  compatible  with  manage- 
ment objectives  because  of  access  requirements, 
and  southern  pine  sites  often  will  not  support 
agronomic  crops  because  the  soils  often  have  low 
water  holding  capacity  or  low  nutrient  status. 
Koch  (1980)  proposed  a  technique  of  dual-cropping 
planted  pines  for  sawtimber  and  direct-seeding 
pines  for  energy.   The  present  availability  of 
normal  sources  of  energy  has  reduced  the  imme- 
diate interest  in  using  forest  land  to  produce 
biomass  as  an  energy  source.   However,   the  long 
lead  time  inherent  in  forest  research  requires 
that  work  continue  so  that  the  potential  of  using 


—  Paper  presented  at  Southern  Silvlcultural 
Research  Conference  held  in  Atlanta,  GA., 
November  7-8,  1984. 
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—  Sell  Scientist,  Southern  Forest  Experiment 

Station,  USDA — Forest  Service,  Pineville,  LA 
71360. 


the  forest  for  energy  will  be  known  should  the 
need  become  more  apparent.   Recently,  a  feaslbi-i 
lity  study  (McConnell  1984)  has  shown  the  dual-  • 
cropping  option  to  offer  economic  promise, 
especially  after  the  system  has  been  field  pro-  • 
ven. 

This  paper  presents  interim  results  on  the  ( 
methods  of  establishing  a  dual-cropping  system  o 
pine  for  biomass  production  and  for  sawtimber. 
The  effect  of  phosphorus  fertilizer  on  the  earlyl 
growth  of  the  two  pine  crops  is  analyzed.  Two 
methods  of  predicting  the  phosphorus  requirementu 
of  newly  established  pines  are  also  evaluated. 


METHODS 

The  site,  located  on  Beauregard  silt  loam 
(flne-silty,  siliceous,  thermic  Pllnthaquic 
Paleudult)  in  central  Louisiana,  had  been  in 
native  grasses  with  scattered  small  hardwoods. 
The  plots  were  plowed  in  the  fall  of  1980  and 
disked  three  times  in  the  summer  of  1981  to 
control  the  grasses. 

The  experimental  design  is  a  completely  raa 
domized  split  plot  with  three  replications.  Fou 
levels  of  phosphorus  were  applied  to  the  main 
plots  and  three  levels  of  direct-seeding  were 
applied  to  the  subplots.  The  main  plots  are  22  i 
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\5  m.      The   planted    tree    spacing   Is   2   by   3  m, 
:here   are   15   rows   of   11    trees   each  per  main 

The  main   plots   are   divided    into    three 
i')lots,    and    the   measurement    plots   are   comprised 
ive    trees    in   each   of    the    center    three    rows 
.    1). 
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gte  1. — Layout  of  a  typical  plot 

.Loblolly  pine  seedlings  (1-0)  were  grown  in 
n"sery  from  open-pollinated  seed  collected 
01  a  single  clone  (K-36)  at  the  Stuart  Seed 
cl^rd  in  Louisiana.   The  seedlings  were  lifted 

•muary  1982,  sorted  for  grade  1  seedlings, 
d'andoraized.   The  trees  were  planted  2  days 
t('  lifting.   To  insure  a  sufficient  number  of 
aijirement  trees,  two  trees  were  planted  10  cm 
as  in  designated  measurement  tree  spots.   The 
a^ier  tree  was  removed  during  the  age  1 
airement.   For  fusiform  rust  prevention,  the 
aied  trees  were  sprayed  with  Bayleton®  at 
w«k  intervals  during  the  spring  of  1981  and 
8i   Tipmoth  was  controlled  by  incorporating 
Tian®  around  the  base  of  each  planted  tree, 
e  eight  and  diameter  of  the  planted  trees  were 
atlred  at  ages  1  and  2. 


the  subplots  will  be  cut  for  biomass  measurements 
at  age  4  and  on  the  other  subplot  at  age  5. 
Genetically  unimproved  loblolly  seeds  were  stra- 
tified and  coated  with  Arasan  A2-S®,  endrin, 
latex  and  aluminum  powder  (Campbell  1979). 3./   In 
February  1982,  seeds  were  placed  in  spots  spaced 
25  by  50  cm  apart  in  a  1.5-m  swath  in  the  middle 
of  the  planted  tree  rows,  with  one  live  tree  per 
spot  desired.   In  an  attempt  to  get  an  even 
distribution  of  direct-seeded  pines  on  all  plots, 
a  random  pinch  of  3  to  10  seeds  was  placed  on 
each  spot.   The  spots  were  about  5  cm  in 
diameter.   The  number  of  live  trees  and  their 
heights  were  measured  on  each  of  the  6  spots  in 
10  randomly  selected  rows  in  the  24  direct-seeded 
subplots  1  and  2  years  after  seeding.   After  the 
second  measurement,  the  direct-seeded  pines  were 
thinned  to  the  tallest  tree  per  spot. 

Soil  samples  to  determine  the  phosphorus 
requirement  were  collected  in  the  spring  of  1982 
from  15  randomly  chosen  locations  within  each 
main  plot  and  grouped  by  plots.   The  phosphorus 
requirement  was  determined  by  phosphorus  sorption 
curves  (Tiarks  1982a)  in  which  the  soil  was 
equilibrated  with  phosphorus  solutions  ranging 
from  0  to  10  mg/liter.   (The  phosphorus  require- 
ment for  95%  of  optimum  growth,  as  estimated  by 
this  method,  is  the  amount  needed  to  maintain  a 
soil  solution  concentration  of  0.2  mg/liter.) 
The  amount  of  phosphorus  applied  to  the  plots  was 
0,  81,  162,  and  324  kg/ha,  which  is  0,  1/2,  1,  and 
2  times  the  estimated  phosphorus  requirement. 
The  phosphorus  was  applied  as  triple 
superphosphate  in  April  1982.   Nitrogen  as  urea 
was  also  applied  at  the  rate  of  40  kg/ha  at  the 
same  time  to  all  of  the  plots. 

For  comparison,  the  phosphorus  requirement 
was  also  determined  by  the  method  outlined  by 
McLean  et  al.  (1982).   For  this  determination, 
2.5  g   of  soil  was  placed  in  a  centrifuge  tube, 
and  0.15  mg  of  phosphorus  in  1  ml  of  water  was 
added.   After  2  hours,  phosphorus  was  extracted 
by  shaking  the  soil  in  20  ml  of  Bray  2  extractant 
for  15  minutes.   The  amount  of  phosphorus 
extracted  was  compared  with  the  amount  of 
phosphorus  extracted  by  the  Bray  2  solution  from 
a  comparable  sample  that  had  been  treated  with  1 
ml  of  distilled  water.   The  phosphorus  require- 
ment was  determined  by  multiplying  the  fraction 
of  added  phosphorus  recovered  by  the  difference 
between  the  sufficiency  level  and  the  level  in 
unfertilized  soil.   The  sufficiency  level  used 
was  10  mg/kg  based  on  unpublished  data  dealing 
with  similar  soils. 


The  three  levels  of  direct  seeding  applied 
reno  seeding  and  two   seedings  to  be  harvested 
efferent  times.   On  two  of  the  three  subplots 
€ch  main  plot,  the  middle  of  the  rows  were 
ret-seeded  with  loblolly  pine,  but  the  third 
bpDt  was  not  seeded.   Seeded  trees  on  one  of 
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—  The  Arasan-endrin-latex-aluminum  treatment 

is  labeled  by  the  Environmental  Protection  Agency 

for  pine  seed  in  direct-seeding  operations. 


Analysis  of  variance  was  used  to  test  the 
effects  of  phosphorus  and  the  direct-seeded 
pines  on  the  growth  of  the  planted  pines,  with 
significance  level  set  at  0.05.   When  the 
effects  of  phosphorus  were  significant, 
regression  was  used  to  fit  the  relationship  bet- 
ween phosphorus  applied  and  tree  growth. 

RESULTS  AND  DISCUSSION 


At  age  1,  the  quadratic 
collar  diameters  of  the  plant 
from  1.3  cm  to  1.6  cm  as  the 
phosphorus  increased  from  0  t 
1).   The  linear  component  of 
significant  but  the  quadratic 
In  the  second  year,  the  addit 
did  not  significantly  affect 
diameter. 


mean  of  the  roc  .i 
ed  trees  Increa  i} 
amount  of  | 
o  324  kg/ha  (tai 
the  regression  i 
component  was  4, 
ion  of  phosphor  i 
the  root-collaiij 


During  the  first  2  years,  the  presence  of 
direct-seeded  trees  in  the  middle  of  the  rows 
had  no  effect  on  the  growth  of  the  planted 
trees.   Therefore,  the  data  analyses  of  the 
phosphorus  on  the  planted  trees  were  done  on  the 
main  plot  averages.   The  phosphorus  signifi- 
cantly Increased  tree  height  both  years.   One 
year  after  plantation  establishment,  the  heights 
of  the  planted  pines  increased  from  0.60  m  on 
plots  receiving  no  phosphorus  to  0.85  m  on  plots 
fertilized  with  324  kg/ha  (fig.  2).   The  quadra- 
tic regression  of  the  first  year's  heights  indi- 
cates a  maximum  response  at  262  kg  of  phosphorus 
per  hectare.   After  2  years,  the  unfertilized 
trees  were  1.5  m  tall,  and  the  trees  on  plots 
receiving  324  kg  of  phosphorus  per  hectare  were 
1.9  m  tall.   The  quadratic  equation  again  maxi- 
mized at  262  kg/ha. 
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Figure  2. — The  effect  of  phosphorus  on  the  height 
of  planted  pine  1  and  2  years  after  establish- 
ment.  The  dotted  line  shows  the  quantity  of 
phosphorus  needed  for  maximum  response  (see 
text). 


Table  1. — Effect  of  phosphorus  on  the  quadra': 
mean  of  root-collar  diameters  of  planted 
loblolly  pine  2  years  after  establishment 


Root-collar  diameter 


P  applied 


Year  1 


Year  2 


-kg/ha- 

0 

81 

162 

324 


1.3 
1.4 
1.4 
1.6 


3.5 
4.2 
3.8 
4.1 


The  lack  of  response  of  the  diameters  o 
the  planted  pines  to  phosphorus  in  the  secon 
year  might  have  been  caused  by  a  nitrogen  ded 
ciency  or  by  increased  weed  competition.  OnC; 
40  kg  of  nitrogen  per  hectare  was  applied  int 
first  year,  so  little  carry  over  to  the  seco,o| 
year  would  be  expected.   However,  because 
diameter  growth  response  to  phosphorus  in  tht 
second  year  was  not  significant  while  helghtl' 
growth  response  was,  weed  competition  probabjj!  i 
caused  the  reduced  response.   Site  preparatlKj 
was  Intense,  so  the  pines  had  little  competld 
in  the  first  year.   By  the  second  year,  gras  f; 
and  other  herbaceous  competition  were 
reestablished,  especially  on  plots  that  had 
received  phosphorus  fertilizer.  I 


Data  on  the  direct-seeded  pine  were  ana 
lyzed  on  the  averages  of  the  two  direct-seed  < 
subplots  within  a  major  plot  because  they  we  i 
treated  the  same  for  the  first  2  years.  The 
average  frequency  of  spots  without  any  survi  ? 
was  24  percent  after  the  first  year.   On  spa  ^ 
that  had  live  pines,  the  number  of  trees  per 
spot  averaged  2.5.   During  the  second  growir 
season,  the  occurrence  of  spots  without  live 
trees  Increased  to  27  percent,  and  the  numbe 
trees  per  spot  declined  to  2.3.   Neither  the 
frequency  of  the  blank  spots  nor  the  number  I 
trees  per  spot  was  affected  by  the  phosphoru 
treatment.   The  frequency  of  spots  without  a) 
live  trees  ranged  from  2  to  52  percent  after  I 
first  year.  Thus,  the  attempt  to  establish  ' 
uniform  density  of  seedlings  on  all  plots  by  i 
spot  seeding  was  not  successful.   Broadcast! if 
the  seed  or  row-seeding  would  be  more  practl  ' 
and  probably  give  as  uniform  a  density  of    i 
seedlings.  «  I 


The  direct-seeded  pines  were  thinned  to  t 
tallest  tree  per  spot  at  the  beginning  of  th 
third  year  as  planned;  therefore,  only  the 
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dght  of  the  tallest  tree  per  spot  Is  reported 
!re.  After  1  year,  the  height  of  the  direct- 
■eded  pines  Increased  from  0.15  m  on  plots  not 
irtilized  with  phosphorus  to  0.24  m  on  plots 
•celving  324  kg  of  phosphorus  per  hectare 
ig.   3).   The  quadratic  equation  maximized  at 
2  kg/ha.   By  the  end  of  the  second  year,  the 
Ight  of  the  direct-seeded  pines  across  all 
ots  was  0.53  m.   The  quadratic  component  of 
lie  regression  equation  did  not  account  for  a 
ilgnlficant  portion  of  the  regression  equation, 
■id  the  linear  component  was  signiflcart  only 
:j  the  0.089  level  (fig.  3).   The  direct-seeded 
:ne  probably  did  not  respond  to  phosphorus 
xause  of  the  increased  herbaceous  competition 
l|  the  second  year.   Since  the  direct-seeded 
jpes  were  smaller  than  the  planted  pines,  they 
jjld  be  affected  more  by  the  competition,  as 
cfe  data  indicate. 
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Pifire  3. — The  effect  of  phosphorus  on  the  height 
t  the  tallest  seeded  pine  per  spot  1  and  2 
i:ars  after  establishment.   The  dotted  line 
lows  the  quantity  of  phosphorus  needed  for 
iximum  response  for  age  1  (see  text). 
Uosphorus  did  not  affect  height  at  age  2. 
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After  the  first  year,  the  direct-seeded 
s  on  unfertilized  plots  were  25  percent  as 
ta.  as  the  planted  pines.   The  highest  rate  of 
ph  phorus  (324  kg/ha)  increased  the  relative 
he:;ht  of  the  direct-seeded  pines  to  27  percent. 
By  he  end  of  the  second  year,  these  pines  were 


30  percent  as  tall  as  the  planted  pines  on  all 
plots.  Phosphorus  had  no  influence  on  the  rela- 
tive height  of  the  direct-seeded  pines  to 
planted  pines  after  2  years. 

The  success  of  using  direct-seeded  pines 
between  the  rows  of  planted  pines  requires  that 
planted-pine  growth  not  be  reduced  by  the  inter- 
seeding.   For  the  first  2  years,  this  was  the 
case  and  probably  will  remain  so  if  the  heights 
of  the  direct-seeded  pines  remain  at  less  than 
the  heights  of  the  planted  pines. 

The  relationship  between  the  estimated 
phosphorus  concentration  in  the  soil  solution  and 
the  amount  of  phosphorus  applied  is  shown  in 
figure  4.   As  previously  stated,  the  relationship 
is  determined  in  the  laboratory  by  adding  a  range 
of  phosphorus  concentrations,  and  then  after 
equilibration,  measuring  the  concentration  of 
phosphorus  in  solution  and  the  amount  of 
phosphorus  sorbed  by  the  soil.   To  estimate  the 
phosphorus  required  to  reach  a  desired  level  of 
phosphorus  in  solution,  the  phosphorus  that  needs 
to  be  applied  is  assumed  to  be  equal  to  the 
amount  of  phosphorus  sorbed.   The  relationship 
for  the  soils  from  these  plots  was  defined  by  the 
following  equation: 

P  required  =  -6.6  +  3.45 

[log  (1000  X  P  in  solution)]  . 

The  equation  accounted  for  84  percent  of  the 
variation  between  the  phosphorus  in  solution  and 
the  phosphorus  sorbed  or  required.   The 
phosphorus  in  solution  is  estimated  to  be  0.004, 
0.048,  0.20,  and  1.5  mg/liter  for  the  four  rates 
of  phosphorus  applied  in  the  field  (fig.  4). 
When  the  plots  were  established,  the  phosphorus 
required  in  solution  was  thought  to  be  0.2 
mg/liter  for  loblolly  pine  (Tiarks  1982a).   Later 
work  ^(Tiarks  1982b)  showed  that  0.1  mg/liter  is 
sufficient  for  loblolly  pine  to  grow  at  90  per- 
cent of  the  maximum.   Using  the  quadratic  rela- 
tionship between  phosphorus  applied  and  height 
after  1  year  for  the  planted  pines  to  inter- 
polate, at  117  kg/ha  or  a  solution  concentration 
of  0.1  mg/liter,  the  height  would  have  been  0.78 
m  or  90  percent  of  the  maximum.   At  this  rate, 
the  direct-seeded  pines  would  have  been  0.21  m  or 
87  percent  of  their  maximum  height  after  1  year. 
By  age  2,  the  height  of  the  planted  pines  would 
have  been  1.84  m  or  94  percent  of  their  maximum 
at  117  kg  of  phosphorus  per  hectare.   The  height 
response  of  the  direct-seeded  pines  is  not  signi- 
ficant after  2  years,  so  the  reliability  of  the 
sorption  curve  method  cannot  be  determined. 
Thus,  the  sorption  curve  method  of  determining 
the  phosphorus  requirement  has  potential  for  pre- 
dicting the  amount  of  phosphorus  to  apply  when 
the  pine  growth  is  not  limited  by  other  factors 
such  as  weed  competition. 

The  alternative  method  of  determining  the 
phosphorus  requirement  (McLean  et  al.  1982)  esti- 
mates that  25  kg  of  phosphorus  per  hectare  would 


be  sufficient.   In  the  first  year,  this  rate 
would  have  given  only  75  percent  of  the  maximum 
height  growth  of  the  planted  pines  and  68  percent 
of  the  maximum  of  the  direct-seeded  pines.   In  an 
unpublished  greenhouse  experiment,  the  simpler 
method  of  McLean  et  al.  (1982)  for  determining 
the  phosphorus  requirement  was  as  good  as  the 
sorption  curve  method.   However,  in  this  field 
experiment,  the  simpler  method  did  not  accurately 
predict  the  phosphorus  requirement,  while  the 
sorption  curve  method  did.   Both  methods  should 
be  tested  through  significant  portions  of  the 
rotation  and  in  other  field  situations.   The  pre- 
liminary results  of  this  study  indicate  that  the 
sorption  curve  method  has  good  potential  for  pre- 
dicting the  amount  of  phosphorus  required  for 
near  maximum  growth  of  loblolly  pine. 
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Figure  4. — The  relationship  between  phosphorus  in 

solution  and  the  quantity  of  phosphorus  applied. 

The  dotted  lines  show  the  4  rates  that  were 
applied  in  the  field. 
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SEEDLING  QUALITY  AND  FIELD  PERFORMANCE  OF  LONGLEAF 

PINE  SEEDLINGS  AFFECTED  BY  ECTOMYCORRHIZAE 

AND  NURSERY  CULTURAL  PRACTICEsi/ 

Glyndon  E.  Hatchell-^ 


Abstract. — Results  and  preliminary  findings  of  nursery 
and  outplanting  studies  of  longleaf  pine  {Pinus  palustris 
Mill.)  indicate  that  inoculation  of  fumigated  nursery  soil 
with  Pisolithus   tinatorius    (Pt)  during  spring  sowing  coupled 
with  optimum  cultural  practices  in  the  nursery  greatly  increase 
survival  and  early  growth  of  planted  1-0  bare-root  stock.   In 
addition  to  inoculation,  other  nursery  cultural  treatments 
being  evaluated  include:  (1)  low  seedling  density  (6  to  12 
seedlings/ft  ),  (2)  lateral-root  pruning,  and  (3)  maintenance 
of  nutrient  balance  throughout  growing  season.   Root  pruning 
increases  the  development  of  second-  and  third-order  lateral 
roots  and  of  short  roots  on  severed  lateral  roots.   These  root 
changes  increase  the  number  of  Pt  ectomycorrhizae  on  the  root 
system.   Desirable  characteristics  of  1-0  stock  for  planting 
on  deep  sandy  sites  are  root-collar  diameter  of  0.5  inch  or 
larger,  numerous  lateral  and  short  roots,  and  abundant  Pt 
ectomycorrhizae . 


INTRODUCTION 

Wakeley  (1954)  suggested  30  seedlings/ft  as 
t\   optimum  seedling  density  in  nursery  beds  for 
L'igleaf  pine  (Pinus  palustris   Mill.)  and  specified 
g.de   1  stock  with  minimum  root-collar  diameter  of 
3  5  inch.   Scarbrough  and  Allen  (1954)  found  that 
li'er  seedling  density  in  the  nursery  (<30/ft  ) 
li  reased  field  survival  of  longleaf  pine,  and 
31'ulders  (1963)  reported  that  undercutting  nursery 
ifis  also  increased  survival.   Mann  (1969)  stated 
tl:t  "At  last  longleaf  pine  can  be  planted  success- 
fily."  However,  this  was  obviously  an  overstate- 
nct  because  in  the  following  decade  average  sur- 
/:ial  of  planted  stands  was  only  about  50  percent, 
»:h  stocking  generally  below  the  acceptable  level. 

Recent  studies  on  nursery  cultural  practices 
hie   provided  useful  information  for  the  production 
aihigh-quality  longleaf  pine  planting  stock.   Marx 
(177)  reported  that  inoculation  of  seedlings  with 
'9^olithus   tinatorius    (Pers.)  Coker  &  Couch  ecto- 
n^orrhizae  (Pt)  in  forest  nurseries  offers  an 
B^ellent  opportunity  for  improving  survival  and 
giwth  of  pines  on  a  variety  of  adverse  and  rou- 
tJe  reforestation  sites.   Marx  and  Bryan  (1971) 
olerved  that  Pt  formed  more  ectomycorrhizae  on 
scithern  pines  at  higher  temperatures  than 


i.'  Paper  presented  at  Southern  Silvicultural 
Reearch  Conference,  Atlanta,  Georgia,  November 
7-,  1984. 

I  2^/  Research  Forester,  Institute  for  Mycor- 
rljcal  Research  and  Development,  Southeastern 
F(est  Experiment  Station,  Athens,  Georgia  30602 


Thelephora  terrestris   Ehrh.  ex  Fr.,  a  common 
fungus  from  natural  sources  forming  ectomycorrhizae 
on  pines  in  southern  nurseries  (Marx  et  al.    1984). 
Kais  et  al.    (1981)  found  that  abundant  Pt  ecto- 
mycorrhizae on  longleaf  pine  improved  seedling 
survival  and  early  height  growth  on  two  sites  in 
Mississippi.   Tinus  (1981)  reported  that  pruning 
lateral  roots  and  undercutting  nursery  seedlings 
increased  seedling  survival  and  initial  growth 
in  pine  plantations  in  New  Zealand.   White  (1981) 
found  that  longleaf  pine  seedlings  with  root- 
collar  diameter  "^  0.5  inch  were  required  for 
satisfactory  field  survival  when  seedlings  had 
been  in  cold  storage  for  3  weeks  before  planting. 

During  the  past  30  years,  attempts  to 
regenerate  pine  in  the  sandhills  region  of  the 
Carolinas  and  Georgia  have  generally  failed  because 
of  extensive  offsite  planting  of  slash  pine  (P. 
elliottii   var.  elliottii   Engelm.)  beyond  its 
indigenous  range,  the  use  of  wrong  seed  sources 
of  loblolly  pine  (P.  taeda   L.),  and  severe  deci- 
mation of  loblolly  and  slash  pine  stands  by 
fusiform  rust  (Cronartium  quercuum   f.  sp. 
fusiforme)    infection  (Kellison  et  al.    1977). 
Choctawhatchee  sand  pine  (P.  clausa   var.  immuginata 
D.  B.  Ward)  has  performed  well  in  the  South 
Carolina  sandhills  and  no  serious  problems  have 
been  observed  during  the  first  15  years  after 
planting  (McNab  and  Carter  1981,  Hebb  1982). 
Longleaf  pine,  however,  might  be  a  better  choice 
for  operation  planting  in  the  Carolina  sandhills 
because  of  concern  over  possible  lack  of  cold 
resistance  in  sand  pine  (Kellison  and  Jett  1978). 
Although  longleaf  pine  has  natural . resistance 
to  fusiform  rust  infection  and  is  well 
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adapted  to  deep  sandy  sites,  this  desirable  species 
is  still  not  planted  extensively  in  this  region 
because  survival  is  generally  poor  and  seedlings 
usually  remain  in  the  grass  stage  for  several 
years. 

This  paper  summarizes  preliminary  results  of 
longleaf  pine  research  conducted  by  the  Institute 
for  Mycorrhizal  Research  and  Development  during 
the  past  7  years.   The  objective  of  these  studies 
was  to  develop  nursery  cultural  practices  for 
production  of  high-quality  longleaf  pine  stock 
suitable  for  planting  on  deep  sandy  sites  and 
other  stress  sites.   The  results  of  two  out- 
planting  studies  and  one  nursery  study  are  pre- 
sented. 


FIELD  PERFORMANCE  OF  LONGLEAF  AND  SAND  PINES  WITH  PT 

Seedling  Production 

Seedlings  were  produced  at  the  Whitehall 
Experimental  Nursery,  Athens,  Georgia,  during  the 
1978  growing  season.   Nursery  beds  containing  a 
uniform  mixture  of  forest  topsoil,  sand,  and  milled 
pine  bark  (2:1:1,  volume  ratio)  were  fumigated  with 
methyl  bromide  under  clear  plastic.   Two  pairs  of 
nursery  beds  were  randomly  assigned  the  following 
ectomycorrhizal  treatments:  vegetative  inoculum  of 
Pt  (Marx  and  Bryan  1975,  Marx  and  Rowan  1981) 
applied  (0.10  Jl/ft  )  on  soil  surface  and  mixed 
with  the  upper  4  inches  of  soil,  or  natural  inoc- 
ulation (NI)  by  airborne  spores.   A  pair  of  Pt  and 
NI  nursery  beds  were  hand  sown  (in  drills  6  inches 
apart)  during  April  to  the  following  species  and 
seed  sources:  longleaf  pine,  Jackson  County, 
Florida,  and  Choctawhatchee  sand  pine,  Washington 
County,  Florida.   During  July,  nursery  beds  were 
thinned  to  uniform  densities  with  14  longleaf  pine 
seedlings/ft   and  15  sand  pine  seedlings/ft  . 

Fertilizer  (10-10-10)  was  applied  before 
sowing  to  all  nursery  beds  at  500  lb/A  and  mixed 
with  the  upper  4  inches  of  soil.   All  seedlings 
received  top  dressings  of  fertilizer:  ammonium 
nitrate  with  N  at  50  lb/A  on  July  6,  July  28, 
August  24,  and  September  14;  and  muriate  of  potash 
with  K  at  25  lb/A  on  September  20.   Observations 
in  September  indicated  that  Choctawhatchee  sand 
pine  seedlings  exhibited  pronounced  symptoms  of 
potassium  deficiency,  and  longleaf  pine  seedlings 
also  showed  some  symptoms  of  K  deficiency. 

On  February  2,  1979,  seedlings  were  lifted, 
graded  to  a  minimum  abundance  of  ectomycorrhizal 
development,  and  culled  to  minimum  root-collar 
diameter  (RCD)  of  0.31  inch  for  longleaf  pine 
and  0.12  inch  for  Choctawhatchee  sand  pine.   Five 
bundles  of  25  seedlings  of  each  species  and  treat- 
ment were  packed  in  wet  peat  moss,  sealed  in 
shipping  bags,  and  placed  in  cold  storage  for  4 
days  before  planting. 
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Study  Area  and  Experimental  Design 

The  outplanting  study  was  installed  on  .. 
hills  site  near  New  Ellenton,  South  Carolina 
Lakeland  and  Kershaw  soil  series  on  the  studj 
are  excessively  well  drained  and  infertile,  \ 
sand  extending  to  depths  of  6  to  20  feet.  Ai 
immature,  poorly  stocked  slash  pine  plantatic 
severe  fusiform  infection  was  clearcut.  Site 
preparation  consisted  of  burning  the  logging 
roller  chopping,  and  disking. 

A  factorial  experiment  with  the  two  pine 
and  two  ectomycorrhizal  treatments  was  establ 
as  a  randomized  block  design  with  five  replictx 
Forty-nine  seedlings  were  planted  per  plot  at  i 
8-  x  8-foot  spacing.   Isolation  strips,  24  f e  ■. 
wide  between  plots,  were  not  planted.   Charac  ■ 
istics  of  seedlings  at  planting  are  shown  in 
1.   The  Pt  index  was  76  for  the  Pt-longleaf  p 
treatment  and  82  for  the  Pt-sand  pine  treatme 
both  well  above  the  threshold  of  50  needed  fo 
measurable  growth  improvement . 

RESULTS  AND  DISCUSSION 

Choctowhatchee  sand  pine  performed  well 
on  the  deep  sandy  site.   Sand  pine  has  shown 
significant  growth  response  to  Pt  ectomycorrh; ; 
after  4  years;  Pt  inoculation  in  the  nursery 
increased  seedling  volume  index  54  percent  anc 
plot  volume  index  41  percent  compared  with  NI 
treatment  (table  2) .   Both  survival  and  growtl 
of  longleaf  pine  seedlings  were  significantly 
improved  by  Pt  treatment.   Longleaf  pine      s 
seedlings  with  the  Pt  treatment  showed  an  inci  =; 
survival  of  22  percentage  points  and  an  incre;  = 
seedling  volume  index  and  plot  volume  index  oJ 
and  217  percent,  respectively,  over  NI  seedlii  ^ 
(table  2) .   The  percentage  of  longleaf  pine  sa 
lings  in  active  height  growth  during  the  third' 
growing  season  was  significantly  increased  by  ' 
treatment  compared  with  NI  treatment. 

FIELD  RESPONSE  OF  LONGLEAF  PINE  TO  INOCULATI ) 
AND  OTHER  NURSERY  TREATMENTS 

Seedling  Production 


Longleaf  pine  seedlings  were  produced  at  1' 
Whitehall  Experimental  Nursery,  Athens,  Georgi  ! 
during  the  1982  growing  season  under  condition 
and  procedures  similar  to  those  described  abov  j 
with  respect  to  soil  mixture,  fumigation,  and  r  (]■ 
ulation.   Treatments  were  factorial  combinatioi 
of  two  ectomycorrhizal  treatments  (Pt  or  NI)  x  i 
nursery  bed  densities  (6,  9,  12,  or  15  seedlin] 
X  two  lateral-root  pruning  treatments  (pruned  ( 
unpruned) ;  treatment  combinations  were  randoml; 
assigned  to  plots.   Longleaf  pine  seed  (Richmoi^ 
County,  North  Carolina  source)  was  hand  sown  ii 
drills  6  inches  apart  on  March  30,  and  seedling 
were  thinned  to  assigned  densities  on  May  25. 
Lateral-root  pruning  was  done  by  severing  with 
shovel  to  an  8-inch  depth  midway  between  drills 
of  seedlings  on  August  16  and  October  8.   Seedl 
were  not  undercut  and  their  needles  were  not 
clipped. 
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Table  1. — Characteristics  of  pine  seedlings  planted  on  a  deep  sandy  site  in  the 
South  Carolina  sandhills,  by  species  and  ectomycorrhizal  treatment 


Pine  species 
and  nursery 
treatments 


Height 


Sand  -  Pt 
Sand  -  NI 
Longleaf  -  Pt 
Longleaf  -  NI 


8.0 

5.4 

<0.6 

<0.6 


-Inches- 


Root-        Percent  of  feeder  roots 
collar        ectomycorrhizal  with:      Pt 
diameter Pt All  fungi index 


0.17 
0.13 
0.41 
0.35 


50 

0 

35 

d 


60 
30 
45 
30 


82 
0 

76 
0 


Pt  =  Pisolithus   tinctorius;   NI  =  natural  inoculation. 

Table  2. — Fourth-year  survival  and  growth  of  pine  seedlings  planted  on  a 
deep  sandy  site  in  the  South  Carolina  sandhills,  by  species  and 
ectomycorrhizal  treatment 


Root- 

Seedling 

Plot 

Nur 

sery 

collar 

volume 

volume 

treatments 

Survival 

Height 

diameter 

indexji' 

index^./ 

Percent 

Feet 
Choc tawha tehee 

Inches 
Sand  Pine 

Cubic 

inches 

Pt 

76a 

5.64a 

1.54a 

207a 

3,910a 

NI 

82a 

4.82b 
Longleaf 

1.38b 
Pine 

134b 

2,780b 

Pt 

84a 

1.54a 

1.57a 

61a 

1,300a 

NI 

62b 

0.85b 

1.34b 

24b 

410b 

Pt  =  Pisolithus   tinctorius;    NI  =  natural  inoculation. 

Ectomycorrhizal  treatment  means  for  a  species  followed  by  a  common  letter  are 

not  significantly  different  at  P  =  0.05. 

i.'  Seedling  volume  index  =  (root-collar  diameter)   x  height. 

2./  Plot  volume  index  =  sum  of  seedling  volume  index  per  plot. 


Before  sowing, 10-10-10  fertilizer  was  applied 
500  lb/A  and  mixed  with  the  upper  4  inches  of 
cl.  Top  dressings  of  ammonium  nitrate  with  N 
t50  lb/A  and  muriate  of  potash  with  K  at  25  lb/A 
£2  applied  on  June  8,  June  29,  July  28,  August 
6  and  September  15.   Muriate  of  potash  was 
plied  as  side  dressings  to  avoid  K  deficiency; 
h  amount  applied  was  a  modification  of  recom- 
eded  nursery  practices  for  Choctawhatchee  sand 
p  (Brendemuehl  and  Mizell  1978). 

Seedlings  were  lifted  on  January  3,  1983, 
ungraded.   Seedlings  with  an  RCD  <0.39  inch  or 
1)1  fusiform  rust  galls  were  culled.   Average 
ecentage  of  plantable  seedlings  was  88.1,  68.4, 
8^,  and  47.5  for  nursery  bed  densities  of  6, 
,12,  and  15/ft^,  respectively.   Taproots  were 
Ui  at  10  inches,  but  needles  were  not  clipped. 
i'i  bundles  of  25  plantable  seedlings  per  treat- 
lej;  were  packed  in  shipping  bags  and  stored  at 
Oj  F  for  2  days  before  planting. 


Study  Area  and  Experimental  Design 

The  outplanting  study  was  installed  on  a  sand- 
hills site  located  on  the  Savannah  River  Forest 
Station,  Aiken,  South  Carolina.   The  soil  series 
is  Blanton;  sand  extends  to  a  depth  of  40  to  80 
inches.   An  understocked  longleaf  stand  was  clear- 
cut,  and  the  site  prepared  for  planting  by  shearing, 
rootraking  debris  into  windrows,  and  disking  twice. 

A  split-plot  experiment  with  a  randomized  block 
design  with  five  replications  was  installed.   Pt 
and  NI  ectomycorrhizal  treatments  were  assigned  to 
major  plots,  and  subplots  were  assigned  factorial 
combinations  of  the  four  nursery  bed  densities  and 
two  lateral-root  pruning  treatments.   Twenty-five 
seedlings  were  planted  on  a  single  row  at  3-foot 
spacing  on  each  subplot,  with  rows  for  subplot 
treatments  at  8-foot  spacing.   Isolation  strips, 
20  feet  wide  between  main  plots,  were  not  planted. 
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Mean  root-collar  diameter  and  Pt  index  are 
shown  in  table  3.   Pt  seedlings  receiving  the 
lateral-root  pruning  treatment  had  an  overall  Pt 
index  of  59  compared  with  32  for  unpruned  seed- 
lings.  Lateral-root  pruning  had  no  effect  on 
RCD.   As  seedling  density  increased,  RCD  decreased 
to  <0.50  inch  for  seedlings  grown  at  the  15/ft 
density.   However,  the  0.49-inch  RCD  for  the  seed- 
lings with  15/ft^  density  was  larger  in  this  study 
than  for  stock  produced  at  the  same  density  in 
the  previous  study  (table  1).   This  increase  in 
size  probably  resulted  from  additional  fertilizer 
(+50  lb  N/A  and  +  100  lb  K/A)  applied  as  side 
dressings  in  this  study. 


EFFECTS  OF  NURSERY  CULTURAL  PRACTICES  ON 
QUALITY  OF  LONGLEAF  PINE  STOCK 

The  objectives  of  this  study  were  to  dei  (jiiiiii 
promising  combinations  of  treatments  for  pro(  ihg 
high-quality  bare-root  longleaf  pine  seedlin)  sfor 
planting  on  droughty  sandy  sites. 

Materials  and  Methods 

Longleaf  pine  1-0  bare-root  seedlings  wt  t 
produced  in  the  Brunswick  Pulp  and  Land  Compj  - 
Nursery,  Jesup,  Georgia.   Longleaf  pine  seed 


Table  3. — Characteristics  of  longleaf  pine  seedlings  before  planting  on  a  sandy 
site  in  the  South  Carolina  sandhills 


Nursery 

bed  densi 

ty  and  lateral 

-root 

pr 

Lining  treatments 

Nursery 

6/ft" 

9/ft" 

12/ft" 

15/ft" 

treatments 

Pruned 

Unpruned 

Pruned 

Unpruned 

Pruned 

Unpruned 

Pruned 

Unpruned 

Root-cc 

illar  diameter 

(inches) 

Pt 

0.59 

0.57 

0.52 

0.55 

0.50 

0.52 

0.49 

0.48 

NI 

0.55 

0.55 

0.50 

0.52 
Pt  index 

0.49 

0.49 

0.50 

0.48 

Pt 

65 

25 

65 

30 

60 

40 

45 

35 

NI 

0 

0 

0 

0 

0 

0 

0 

0 

Pt  =  Pisolithus   tinatorius;   NI  =  natural  inoculation. 


RESULTS  AND  DISCUSSION 

Density  of  seedlings  in  nursery  bed,  lateral- 
root  pruning,  and  Pt  inoculation  significantly 
(P  =  0.01)  affected  survival  of  longleaf  pine 
seedlings  2  years  after  outplanting  on  the  sandy 
site.   Overall,  survival  of  seedlings  with  6,  9, 
or  12/ft  density  was  9  percentage  points  higher 
than  with  15/ft  density,  survival  of  seedlings 
with  lateral-root  pruning  was  23  percentage  points 
higher  than  for  unpruned  seedlings,  and  survival 
of  Pt  seedlings  was  13  percentage  points  higher 
than  for  NI  seedlings.   Pt-pruned  seedlings  with 
densities  of  6  to  12/ft  had  90  or  91  percent  sur- 
vival contrasted  to  42  percent  for  the  Nl-unpruned 
treatment  with  15  seedlings/ft  density  in  nursery 
beds  (table  4) . 

Root-collar  diameter  was  a  more  reliable 
measurement  of  growth  than  height  because  only 
37  percent  of  seedlings  on  all  plots  were  in  active 
height  growth  after  2  years  (table  4).   Density 
of  seedlings  in  nursery  bed  and  lateral-root  pruning 
significantly  (P  =  0.01)  affected  RCD,  whereas 
ectomycorrhizal  treatments  had  no  significant  effect 
on  RCD.   The  main  effect  of  seedling  density  on 
RCD  showed  a  linear  relationship,  and  means  for 
RCD  with  seedling  densities  of  6,  9,  12,  and  15/ft^ 
were  1.08,  1.03,  0.98,  and  0.96  inch,  respectively. 
The  overall  means  for  RCD  with  respect  to  lateral- 
root  pruning  treatments  were  1.04  inch  for  pruned 
seedlings  and  0.98  inch  for  unpruned  seedlings. 


(company  seed  orchard  source)  was  sown  on  Octo  <;  21 
1981  (fall  sowing)  or  March  8,  1982  (spring  s  m) 
in  eight  drills,  spaced  6  inches  apart,  and  m  jied 
with  fumigated  pine  straw. 


Treatment  combinations  were:  (1)  ectomyci 
rhizae-Pt  inoculation  with  vegetative  inocului' 
broadcast  at  0.075  Jl/ft  of  soil  surface  and  i 
with  the  upper  4  inches  of  soil  after  fumigatji 
with  methyl  bromide  under  clear  plastic,  natu: 
inoculation  (NI)  with  airborne  spores  of  ectoi 
rhizal  forming  fungi  after  soil  fumigation,  oi 
nonfumigated  (NF)  soil  and  naturally  occurrin] 
ectomycorrhizae;  (2)  nursery  bed  densities  of' 
12,  or  16  seedlings/ft  after  fall  sowing  and' 
thinning  on  March  24,  1982,  or  density  of  12  s 
lings/ft  after  spring  sowing  and  thinning  on 
20,  1982;  and  (3)  lateral-root  pruning  midway 
between  seed  drills  to  an  8-inch  depth  during 
July  and  late  October  1982,  or  unpruned  contrc 
Pt  and  NI  plots  were  fumigated  1  week  before  £ 
in  either  fall  or  spring.  Biological  assay  (^ 
et  at.  1984)  of  soil  samples  collected  in  Octc 
1981  and  March  1982  (pre-  and  post-fumigation 
samples)  was  made  to  determine  fumigation  effe 
ness. 


A  split-plot  experiment  with  three  major  M- 
treatments  (ectomycorrhizae,  nursery  bed  densi 
and  season  of  sowing)  was  replicated  five  timeij' 
a  randomized  block  design.   Main  plots  were  4-  j 
10-foot  sections  of  nursery  bed,  with'  4-  x  4-f '« 


398 


1^ 


Table  4. — Survival  and  growth  of  longleaf  pine  seedlings  after  2 
years  on  a  sandy  site  in  the  South  Carolina  sandhills 


Seedlings 

in  active 

Root- 

height 

collar 

Nursery  treatments 

Survival 

Height 

growthl' 

diameter 

Percent 

Feet 

Percent 

Inches 

6/ft^  -  pruned  -  Pt 

91 

0.48 

62 

1.12 

unpruned  -  Pt 

66 

0.40 

54 

1.04 

pruned  -  NI 

86 

0.46 

61 

1.12 

unpruned  -  NI 

51 

0.35 

38 

1.02 

9/ft^  -  pruned  -  Pt 

90 

0.37 

42 

1.04 

unpruned  -  Pt 

63 

0.30 

27 

1.00 

pruned  -  NI 

78 

0.33 

40 

1.07 

unpruned  -  NI 

61 

0.32 

35 

1.00 

12/ft^  -  pruned  -  Pt 

91 

0.33 

39 

1.05 

unpruned  -  Pt 

81 

0.33 

28 

0.97 

pruned  -  NI 

79 

0.27 

27 

0.97 

unpruned  -  NI 

57 

0.28 

21 

0.95 

15/ft^  -  pruned  -  Pt 

84 

0.32 

37 

1.01 

unpruned  -  Pt 

65 

0.31 

27 

0.94 

pruned  -  NI 

74 

0.31 

34 

0.96 

unpruned  -  NI 

42 

0.28 

27 

0.92 

Pt  =  Pisolithus   tinotorius;   NI  =  natural  inoculation. 

±.1   Seedlings  in  active  height  growth  have  root-collar  diameter 

>  1.0  inch  and  height  >  0.33  feet. 


iplation  strips  between  plots.   Root-pruning 
t^atments  were  installed  on  4-  x  5-foot  subplots 
' each  major  plot. 

When  nursery  beds  were  prepared  in  October 
1,  all  plots  received  20-20-20  fertilizer  at 
5)  lb/A.   Samples  of  the  0-  to  6-inch  soil  depth 
wfe  collected  from  each  plot  on  October  21,  1981, 
al  composite  samples  for  each  block  showed  little 
v^iation  in  soil  properties.   Chemical  analyses 
sWed  total  N,  340  ppm;  available  P,  65  ppm; 
ethangeable  K,  Ca,  and  Mg,  24,  220,  and  26  ppm, 
ri;pectively;  pH  was  5.1;  and  organic  matter  was 
Ij  percent  (analyses  by  A&L  Agricultural  Labor- 
aiiries,  Inc.,  Memphis  Tennessee).   During  the 
giwing  season  of  1982  all  seedlings  received  top 
dijssings  of  fertilizer:  in  June,  10-10-10  at 
I?  lb/A;  in  July,  18-46-0  at  100  lb/A;  and  in 
Aiust,  ammonium  nitrate  with  N  at  33  lb /A.   Needles 
wte  mowed  to  a  4-  to  6-inch  length  in  July  and 
irSeptember  1982,  and  seedlings  were  undercut  at 
ai]8-inch  depth  in  August  1982. 

In  December  1982,  24  seedlings  were  collected 
trn  each  subplot  (3  seedlings  lifted  together  from 
ra'iom  points  within  each  of  the  eight  drills)  . 
Ro,:-collar  diameter  and  weight  of  shoots  and  roots 
wej  measured,  shoot/root  ratio  was  determined, 
an  the  abundance  of  ectomycorrhizae  was  assessed 
viially. 


Analysis  of  variance  was  conducted  on  all 
data,  and  Duncan's  multiple  range  test  was  used 
to  compare  means  of  main-plot  treatments. 

RESULTS  AND  DISCUSSION 

Both  seedling  density  in  nursery  bed  and  ecto- 
mycorrhizal  treatments  had  significant  effects  on 
RCD  of  1-0  longleaf  pine  seedlings,  whereas  lateral- 
root  pruning  did  not.   Means  for  RCD  by  treatment 
combinations  (sowing  season,  nursery  bed  density, 
and  ectomycorrhizal  treatments)  are  presented  in 
table  5.   Overall,  significantly  larger  RCD  resulted 
with  nursery  bed  density  of  8/ft   than  with  12  or 
16/ft^  densities,  and  with  Pt  or  NI  ectomycorrhizal 
treatments  than  with  the  NF  treatment.   The  Pt  and 
NI  treatments  produced  a  greater  quantity  of  plant- 
able  seedlings  with  minimum  size  of  0.35  or  0.47 
inch  than  NF  seedlings  produced  at  the  same  density 
and  sowing  season;  the  greatest  number  of  seedlings 
with  RCD  ■^^  0.47  inch  resulted  from  fall-sown  Pt  or 
NI  treatments  at  nursery  bed  density  of  8/ft  . 
Comparison  of  fall  versus  spring  sowing  with  12/ft 
density  showed  that  sowing  season  did  not  affect 
RCD. 

Shoot  and  root  fresh  weights  and  shoot/root 
ratio,  as  influenced  by  sowing  season,  nursery  bed 
density,  ectomycorrhizal  treatment,  and  lateral- 
root  pruning  are  presented  in  table  6.   Pt  and  NI 
seedlings  produced  at  the  same  density  and  sowing 
season  showed  significantly  heavier  weights  of 
shoots  or  roots  than  did  the  NF  seedlings.   Roots 
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Table  5. — Effects  of  season  of  sowing,  nursery  bed 
density,  and  ectomycorrhizal  treatment  on  root- 
collar  diameter  and  quantity  of  plantable  1-0 
longleaf  pine  seedlings  in  an  industrial  forest 
nursery 


Root- 

Plantable 

seedlings 

Nursery 

collar 

by  minimum 

RCD 

treatments 

diameter 

0.35   (inc 

h) 

0.47 

Inch 

No.  seedl 

in 

gs/ft^ 

Fall 

Pt 

0.49a 

7.9d 

5.1a  . 

sown. 

NI 

0.48a 

7.9d 

4.7ab 

8/ft^   - 

NF 

0.43bc 

7. 2d 

2.7d 

Fall 

Pt 

0.44b 

10.2bc 

4.4abc 

sown. 

NI 

0.43bc 

10. Bab 

3.7bcd 

12/ft^  - 

NF 

0.40de 

9.2c 

1.2d 

Spring  - 

Pt 

0.43bc 

9.7bc 

3.0d 

sown,   - 

NI 

0.43bc 

9.8bc 

3.4cd 

12/ft^  - 

NF 

0.40de 

6.6d 

l.Oe 

Fall 

Pt 

0.43bc 

11.5a 

3. Id 

sown. 

NI 

0.42cd 

11.9a 

3. Id 

16/ft'  - 

NF 

0.39e 

6.9d 

0.6e 

Pt  =  Pisolithus   tinotorius;   NI  =  natural 

inoculation  after  soil  fumigation;  NF  =  nonfumigated 

soil. 

Treatment  means  in  a  column  followed  by  a  common 

letter  are  not  significantly  different  at  P  =  0.05. 


\ 

I 

i 
f 


of  NF  seedlings  exhibited  severe  feeder-root 
necrosis,  but  soil  fumigation  a  week  before  i 
fall  or  spring  sowing  effectively  controlled 
Pythiaceous  fungi  and  plant  parasitic  nemato< 
thus  reducing  the  incidence  of  the  feeder-ro( 
disease.  Mean  separation  (P  =  0.05)  of  fresl 
shoot  weight  of  Pt  and  NI  seedlings  by  sowinj 
season  and  nursery  bed  density  showed  fall-8, 
density  >  fall-12/ft^  density  >  fall-16/ft^  d- 
sity  >  spring-12/ft  density;  and  mean  separjton 
of  fresh  root  weight  showed  fall-8/ft^  densil  )j> 
fall-12/ft^  density  >  spring-12/f  t^  density  ( ii 
fall-16/ft  density.  Lateral-root  pruning  s:fi 
nificantly  increased  the  fresh  weight  of  root;! 
and  significantly  decreased  shoot/root  ratio, 
The  lowest  shoot/root  ratios  were  for  Pt  and 
seedlings  sown  in  spring  at  12/ft  density. 

Lateral-root  pruning  significantly  incre£s|l 
the  percentage  of  feeder  roots  with  ectomycoDri 
rhizae  but  had  no  significant  effect  on  Pt  iuiJj: 
(table  7)  .   Seedlings  in  spring-sown  plots  hii\ 
33  percent  total  ectomycorrhizal  development i: 
Pt  seedlings  compared  with  24  percent  on  NI  ccIF 
seedlings.   The  lowest  (16%)  ectomycorrhizal 1 
development  was  observed  on  fall-sown  NI  seetligs 
grown  at  the  8/ft  density.   Pt  index  of  fal]Hjm 
seedlings  with  Pt  ectomycorrhizal  treatments  ^'u 
low  due  to  natural  competition  from  airborne  tirei 
of  other  fungi,  which  produced  abundant  fruiti. 
bodies  in  the  nursery,  and  to  slow  growth  of  rid- 
lings  during  fall  and  winter.   Pt  index  was  £  L" 
nificantly  higher  on  seedlings  in  spring-sowr  ot: 


Table  6. — Effects  of  season  of  sowing,  nursery  bed  density,  ectomycorrhizal  treatment,  and  lateral-root 
pruning  on  fresh  weight  of  shoots  and  roots  and  shoot/root  ratio  of  1-0  longleaf  pine  seedlings 


Nursery  treatments 


Shoot/root  ratio 


Fresh  weight  of  shoots  (g)    Fresh  weight  of  roots  (g)  _ 
Pruned   Control   Means    Pruned   Control   Means    Pruned   Control   Means 


Fall  sown,  -  Pt 
8/ft^      -  NI 

-  NF 

Fall  sown,  -  Pt 
12/ft^     -  NI 

-  NF 

Spring  sown,  -  Pt 
12/ft^       -  NI 

-  NF 


Fall  sown,  -  Pt 
16/ft^     -  NI 

-  NF 


Means  for  root  pruning  24. lA 


38.4 

39.8 

34.0 

38.6 

24.8 

24.8 

28.7 

29.0 

26.0 

28.1 

19.4 

20.0 

20.2 

20.3 

22.8 

20.4 

13.8 

15.7 

24.0 

22.5 

21.9 

24.4 

15.1 

14.3 

24.  9A 


39.1a 

13.2 

11.9 

36.3b 

11.8 

12.1 

24.8de 

8.2 

6.8 

28.8c 

9.2 

8.7 

27. led 

8.7 

8.5 

19. 7g 

5.7 

5.3 

20. 2g 

7.4 

7.2 

21. 6g 

8.6 

6.7 

14. 8h 

4.6 

4.7 

23.3ef 

7.3 

6.3 

23.1ef 

6.9 

6.8 

14. 7h 

4.6 

4.0 

8.0A 


7.4B 


12.6a 

2.93 

3.36 

12.0a 

2.88 

3.24 

7.5c 

3.02 

3.69 

9.0b 

3.13 

3.36 

8.6b 

3.01 

3.37 

5.5d 

3.37 

3.85 

7.3c 

2.71 

2.85 

7.7c 

2.66 

3.04 

4.6de 

3.00 

3.37 

6.8c 

3.27 

3.59 

6.9c 

3.15 

3.58 

4.3e 

3.32 

3.65 

3.04B 


3.41A 


3.14cd  { 
3.06de  I 
3.35ab.:i 


3.25bcl 
3.19bcl 
3.61a 

2.78f 
2.85ef  j 
3.18bcl! 

3.43ab 
3.36ab 
3.48ab 


Pt  =  Pisolithus   tinotorius;   NI  =  natural  inoculation  after  soil  fumigation;  NF  =  nonfumigated  soil. 
Treatment  means  in  a  column  followed  by  a  common  lowercase  letter  are  not  significantly  different  at  P  = 
0.05;  means  for  root-pruning  treatments  followed  by  a  common  uppercase  letter  are  not  significantly  diff  i'' 
at  P  =  0.01. 


Table  7. — Effects  of  season  of  sowing,  nursery  bed  density,  ectomycorrhizal 
treatment,  and  lateral-root  pruning  on  ectomycorrhizal  abundance  of  1-0 
longleaf  pine  seedlings 


Percent 

of  feeder 

roots 

Nursery 

with  ec 
Pruned 

tomycorrhizae 
Control   Means 

Pt 

index 

treatments 

Pruned 

Control 

Means 

Fall  sown,  - 

Pt 

21 

14 

18def 

34 

27 

31b 

8/ft^ 

NI 

18 

13 

16f 

0 

0 

Oc 

- 

NF 

25 

16 

21cd  ^ 

3 

0 

2c 

Fall  sown,  - 

Pt 

19 

15 

17ef 

37 

25 

31b 

12/ft^ 

NI 

18 

15 

17ef 

0 

0 

Oc 

- 

NF 

24 

15 

20de 

3 

1 

2c 

Spring  sown. 

-  Pt 

35 

31 

33a 

56 

54 

55a 

12/ft^ 

-  NI 

26 

21 

24bc 

0 

0 

Oc 

-  NF 

29 

20 

25b 

10 

2 

6c 

Fall  sown,  - 

Pt 

21 

16 

ISdef 

24 

26 

25b 

16/ft^ 

NI 

18 

16 

17ef 

0 

0 

Oc 

NF 

21 

20 

20de 

3 

0 

2c 

Means  for 

root  pruning 

23A 

18B 

14A 

llA 

natural  inoculation  after  soil  fumigation; 


Pt  =  Pisolithus   tinotorius;   NI 

NF  -  nonfumigated  soil. 

Treatment  means  in  a  column  followed  by  a  common  lowercase  letter  are  not 

significantly  different  at  P  =  0.05;  means  for  root  pruning  treatments 

followed  by  a  common  uppercase  letter  are  not  significantly  different  at 

P   =  0.01. 


cpared  with  the  other  Pt  inoculation  treatments, 
r  the  Pt  index  of  55  for  spring-sown  seedlings 
xaeded  the  acceptable  minimum  (>50) ;  these  seed- 
igs  should  exhibit  improved  performance  on 
restation  sites. 


Lateral-root  pruning  significantly  increased 
ot  weight  and  ectomycorrhizal  development  and 
e'lced  shoot/root  ratio,  attributes  that  are 
IHy  to  benefit  survival  of  longleaf  pine  on 
r'pghty  sandy  soils.   Lateral-root  pruning  greatly 
nfeased  the  number  of  second-  and  third-order 
asral  roots,  which  produced  feeder  roots  and 
c^mycorrhizae  in  abundance.   Brown  (1964)  ob- 
eyed that  longleaf  pine  produced  at  nursery  bed 
evity  <16/ft  have  a  high  percentage  of  "carrot- 
oi'ied"  seedlings  or  other  seedlings  with  deeply 
eijtrating  fibrous  roots.   He  stated  that  lateral- 
od;  pruning  during  the  growing  season  induces 
oil  abundant  fibrous  roots  that  remain  attached 
0  jeedlings  during  the  lifting  operation.   When 
atlral  roots  are  not  pruned,  up  to  80  percent  of 
htfibrous  roots  remain  in  the  soil  after  seed- 
irs  are  lifted.   This  study  confirmed  Brown's 
bstvation  that  lateral-root  pruning  causes  a 
onact,  fibrous  root  system  and  showed  that  it 
rcpted  ectomycorrhizal  development  on  roots 
ikly  to  withstand  the  lifting  operation. 


CONCLUSIONS 

Although  these  findings  are  preliminary,  they 
ndi;ate  that  optimum  density  of  seedlings  in 


nursery  beds  for  producing  high-quality  longleaf 
pine  stock  is  within  the  range  of  6  to  12/ft  . 
Pruning  lateral  roots  increases  root  weight  and 
ectomycorrhizae  and  reduces  shoot/root  ratio, 
attributes  desired  on  high-quality  seedlings. 
Row  seeding  of  longleaf  pine  to  obtain  uniform 
seed  distribution  will  be  needed  to  permit  pruning 
of  lateral  roots.   Application  of  Pt  vegetative 
inoculum  in  fumigated  soil  at  spring  sowing  will 
improve  seedling  quality,  but  careful  nursery 
management  is  required  for  maximum  effectiveness 
of  this  treatment.   Application  of  Pt  inoculum 
during  fall  sowing  is  not  likely  to  be  effective 
because  of  competition  with  airborne  spores  of 
other  ectomycorrhizal  fungi  which  fruit  abundantly 
in  the  fall.   Seedlings  produced  in  nonfumigated 
soil  may  suffer  from  feeder-root  necrosis  or  other 
root  diseases  and  become  stunted.   Production  of 
large  (RCD  ^  0.5  inch),  high-quality  seedlings 
requires  effective  disease  control  and  maintenance 
of  optimum  soil  fertility.   Pt  inoculation  at 
spring  sowing,  6  to  12  seedlings/ft   in  nursery 
bed,  and  lateral-root  pruning  result  in  greatest 
survival  and  growth  of  longleaf  pine  seedlings 
in  field  studies. 

Effective  soil  fumigation  and  inoculation 
with  Pt  during  spring  sowing,  nursery  bed  densities 
of  6  to  12/ft  ,  lateral-root  pruning,  and  optimum 
soil  fertility  should  result  in  production  of  high- 
quality  longleaf  pine  seedlings,  thus  eliminating 
the  need  for  fall  sowing.   A  better  understanding 
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of  longleaf  pine  seedling  quality  should  result 
from  outplanting  studies  with  morphological  and 
physiological  characteristics  of  stock  assessed. 
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INFLUENCE  OF  PISOLITHUS  TINCTORIUS  AND  FERTILIZATION  ON  THE 


DEVELOPMENT  OF  CONTAINER  GROWN  RED  OAK  SEEDLINGS 
P.  E.  Pope  and  W.  R.  Chaney^ 


1/ 


Abstract. — Stratified  Quercus  rubra  L.  seed  were  sown 
In  polyethylene-coated  paper  bands  (4  x  4  x  10  1/2")  filled 
with  coarse  silica  sand  previously  Inoculated  witb 
Pisolithus  tinctorlus  (0,  100,  200  or  300  ml/2,500  cm 
sand).  Modified  Hoagland's  solution  was  added  weekly  after 
shoot  emergence  to  provide  nitrogen  levels  of  0,  100  and  200 
ppm  and  phosphorus  levels  of  0,  50  and  100  ppm.  After  17 
weeks,  percent  colonization  was  erratic  and  was  not 
correlated  with  the  rate  of  Inoculation.  Height  growth, 
stem  diameter  and  dry  weight  of  the  various  tissue 
components  were  significantly  Increased  by  either  nitrogen, 
phosphorus  or  the  amount  of  inoculum  added.  All  parameters 
investigated  showed  significant  interaction  between  nitrogen 
and  rate  of  inoculation.  The  greatest  growth  response  and 
stem  caliper  were  achieved  with  300  ml  of  Pt  Inoculum  at 
moderate  fertility. 


INTRODUCTION 

Containerized  oak  seedlings  may  be  an 
aternative  to  bare-rooted  seedlings, 
P'ticularly  to  rectify  the  problems  of  poor 
s-v1val  and  slow  initial  growth  following 
o:plant1ng  (Forbes  and  Barnett  1974;  Johnson 
V9;  Dixon  et  al.  1981).  Garrett  et  al .  (1979) 
pstulated  that  the  growth  potential  of 
citainerized  oak  seedlings  after  outpl anting 
cild  be  greatly  improved  with  well-developed 
in:orrh1zal  root  systems.  Preliminary 
i'estigations  with  red  oak  (Quercus  rubra  L.) 
Ilicate  that  this  species  is  a  host  for  the 
e.omycorrhizal  fungus  Pisolithus  tinctorlus 
(lirs)  Coker  and  Couch  (Marx  1979;  Pope  and 
Ciney  1980).  Subsequent  studies  have 
dionstrated  the  superior  survival  and  growth  of 
otainer  grown  red  oak  seedlings  inoculated  with 
E  tinctorlus  (Pope  1981;  Anderson  et  al.  1983). 


Cultural   practices   used   in   producing 
talnerized  seedlings  (e.g.,  use  of  artificial 


,  Paper  prepared  for  the  Third  Biennial 
Sithern  Silvicultural  Research  Conference, 
A'janta,  Georgia,  November  7-8,  1984. 

1  Associate  Professor  and  Professor, 
Dtartment  of  Forestry  and  Natural  Resources, 
Pidue  University,  West  Lafayette,  Indiana  47907. 


growth  media,  frequent  applications  of 
concentrated  inorganic  fertilizers,  and  a 
greenhouse  environment)  often  restrict  the 
development  of  normal  mycorrhizal  root  systems 
and/or  cause  a  high  degree  of  variability  in  the 
extent  of  mycorrhizae  formed.  Information  is 
needed  on  the  culture  techniques  for 
containerized  seedlings  to  insure  consistency  in 
seedling  size  and  development,  and  extent  of 
mycorrhizae  formed. 

This  study  concentrated  on  two  of  the 
factors  which  Influence  seedling  development  — 

(1)  rates  of  mycorrhizal  fungal  Inoculation  and 

(2)  varying  concentrations  of  nitrogen  and 
phosphorus  In  the  growing  media.  The  purpose  of 
the  study  was  to  determine  the  interactive  roles 
of  rooting  media  inoculation  with  E.  tinctorlus 
at  various  rates  and  variable  concentrations  of 
elemental  nitrogen  and  phosphorus  on  the 
development  of  red  oak  seedlings  grown  in  sand 
culture. 


MATERIAL  AND  METHODS 

Seed  and  Rooting  Media  Preparation 

Red  oak  (Quercus  rubra  L.)  seed  were 
collected  from  five  parent  trees  located  In  West 
Lafayette,  Indiana  In  early  November  and  screened 
for  potentially  sound  seed  by  the  flotation 
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method.  To  kill  insect  larvae,  all  acorns  which 
sank  were  submersed  for  40  minutes  In  water 
maintained  at  a  temperature  of  46-48  C  (Olson 
1974).  Following  soaking  the  seeds  were 
stratified  in  moist  sand  for  50  days  at  a 
temperature  of  2  C. 

The  rooting  media  was  a  very  coarse  (1  mm) 
quartz  sand.  The  sand  was  acid  washed  with  0.5  M 
HCl  and  rinsed  with  distilled  water  until  the  pH 
of  the  rinse  water  was  equal  to  the  pH  of  the 
distilled  water  prior  to  its  addition  to  the 
sand.  The  acid  washed  sand  was  double  autoclaved 
and  stored  in  sealed  containers  until  used. 


Mycorrhizal 
System 


Fungal   Inoculation  and  Container 


The  Pisolithus  tinctorius  (Pers)  Coker  and 
Couch  fungal  inoculum  was  obtained  from  Abbott 
Research  Laboratories,  North  Chicago,  Illinois 
and  consisted  of  fungal  mycelium  cultured  in  a 
vermiculite  medium.  At  the  time  of  inoculation 
the  moisture  content  was  23%.  The  P.  tinctorius 
(Pt)  inoculum  was  incorporated  throughout  a 
voAume  of  quartz  sand  (10  x  10  x  25  cm  =  2,500 
cm  )  cit  rates  of  0,  100,  200  or  300  ml.  The 
uninoculated  control  treatment  was  "inoculated" 
with  200  ml  of  sterilized  inoculum  per  2,500  cm 
volume.  Each  2,500  cm  of  quartz  sand/inoculum 
was  placed  in  a  10  x  10  x  27  cm  open  bottomed, 
plastic  coated  paper  container  obtained  from 
Monarch  Manufacturing  Company,  Denver,  Colorado. 
Previous  research  on  root  growth  of  red  oak  grown 
in  containers  indicated  no  obstruction  of  root 
growth  for  this  size  container  (Douglass  and  Pope 
1979) . 

Seeding  and  Nutrient  Amendments 

Three  red  oak  seeds  were  planted  in  each 
container  and  covered  with  1.5  cm  of  the  sand 
inoculum.  Following  a  three  week  germination 
period,  two  seedlings  were  removed  from  each 
container  leaving  one  seedling  which  most  nearly 
represented  the  average  seedling. 

Following  seedling  thinning,  500  ml  of  a 
modified  Hoaglands  nutrient  solution  (Arnon 
1950),  adjusted  to  pH  5.8  with  0.05  N  NaOH  or 
0.05  N  HCl,  was  added  to  each  container. 
Nutrient  treatments  consisted  of  all  possible 
combinations  of  N  and  P  at  0,  100  and  200  mg/kg, 
N  and  0,  50  and  100  mg/kg,  P.  Nutrient  additions 
were  made  every  3-7  days  to  maintain  the  original 
nutrient  concentration  of  the  quartz  sand  medium. 
Immediately  prior  to  nutrient  applications  the 
sand  was  leached  with  1000  ml  of  distilled  H^O  to 
remove  any  nutrients.  Seedlings  were  grown  in  a 
greenhouse  for  17  weeks  at  a  photoperlod  of  16  h 
and  maximum  and  minimum  temperatures  of  34  and 
21  C,  respectively. 


Experimental  Design  and  Seedling  Measurements 

The  study  was  arranged  in  a  randomized  bl  ji 
factorial  design  with  4  replications  of  eii 
treatment  combination,  144  individual  seedllij 
In  total.  The  treatments  consisted  of  4  rates  ! 
fungal  inoculation  (0,  100,  200,  and  300  ml 
vermiculite  inoculum  per  2500  cm   of  qua 
sand),  3  nitrogen  concentrations  (0,  100  and  ! 
mg/kg)  and  3  phosphorus  concentrations  (0»  50 
100  mg/kg).    The  data  were  analyzed  by 
analysis  of  variance  (ANOVA)  and  means  w«] 
separated  by  Duncan's  new  multiple  range  test.; 

At  the  termination  of  the  study,  seedHij 
were  evaluated  for  chemical  and  physl  ,' 
characteristics  and  the  extent  of  mycorrhi  . 
formed.  Chemical  characteristics  measu,.( 
included  the  N  (Wilde  et  al .  1972)  and  P  (W1'*( 
et  al .  1972)  concentrations  and  metha  ( 
extractable  carbohydrates  (Priestly  1965) 
stems,  foliage,  taproot  and  lateral  roo»! 
Physical  characteristics  quantified  included  S"  i 
height  and  diameter  (1  cm  above  root  colla  '. 
number  of  leaves  and  dry  weight  of  stem  fol1a(; 
taproot  and  lateral  roots  following  oven  dryjt 
at  80  C  to  a  constant  weight.  The  mycorrh1;fi 
colonization  was  assessed  following  the  meth(h; 
of  Grand  and  Harvey  (1982). 


RESULTS  AND  DISCUSSION 

Seedling  physical  and  chemlC: 
characteristics  were  significantly  influenced  ; 
nutrient  concentrations  and  rates  of 
tinctorius  Inoculation.  To  simplify  1 
discussion,  only  the  physical  characteristics 
the  seedlings  associated  with  the  balanc 
nitrogen  (N)  and  phosphorus  (P)  nutrie 
treatments  will  be  discussed  (I.e.,  N-0,  P- 
N-100  mg/kg,  P-50  ir^/kg;  N-200  mg/kg,  P-1- 
mg/kg).  Stem  height,  caliper  and  total  d 
weight  of  seedlings  were  significantly  effect, 
by  nutrient  availability  and  rate  of 
Inoculation  (Table  1).  For  each  inoculatl^ 
treatment,  stem  height  and  total  plant  dry  weig 
tended  to  Increase  with  increases  In  N  andi 
available  for  seedling  uptake.  Increases 
rates  of  Pt  Inoculation  stimulated  seedll 
height  growth  and  total  dry  weight  for  the  N- 
P-0  treatment.  The  largest  seedlings  (height  a 
dry  weight)  were  associated  with  the  N-lOO,  P- 
nutrient  treatment  and  an  inoculation  rate  of  3 
ml/2,500  cm  quartz  sand.  The  responses  of  st' 
caliper  to  variation  in  available  nutrients  a 
rates  of  Pt  Inoculation  are  less  clear.  For  eai 
inoculation  rate,  when  compared  to  the  contro 
stem  caliper  significantly  Increased  at  tl 
N-lOO,  P-50  nutrient  treatment  but  showed  i 
additional  Increases  at  the  highest  (N-20( 
P-100)  nutrient  treatment.  Increasing  rates  ( 
Pt  Inoculation  stimulated  stem  caliper  grow 
only  for  the  N-lOO,  P-50  nutrient  treatment. 
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Table  1. — Influence  of  nitrogen  and  phosphorus  fertilization  and  mycorrhizal  fungal  inoculation  with 
E.  tlnctorius  on  selected  growth  parameters  of  red  oak  seedlings  after  17  weeks. 


N  and  P 

Fertilization 

(mg/kg) 


M-0,  P-0 
^-100,  P-50 
J-200,  P-100 


Physical  Characteristics 


Stem  Height  (cm) 


I 


1/ 


^100     -^200     ^300 


15a^     18ab     23b       20ab 
50cd       38c       49cd     75e 
52cd       48cd     58d       40c 


Stem  Caliper  (mm) 


0 


100 


'200 


300 


2.9a  3.4ab  4.2b   3.2ab 
4.8b  5.2bc  5.3bc  6.3c 
5.0b  5.3bc  5.2bc  5.4bc 


Total  Dry  Weight  (g) 


'0 


100 


200 


300 


3.4a  4.0a  6.6c  5.0b 
lO.Ocd  10.6cd  13. 7d  21.2c 
14.0d       14. 6d       15.3d       8. led 


E.  tinctorius-mycel ial    inoculum  applied  at  Iq  =  control,   !,_„ 
00  ml/2,500  cm     quartz  sand,   and  I,^_  =  300  mT/2,500  cm     quart 


100  ml/2,500  cm     quartz  sand,    I 


300 


tz  sand. 


200 


■'For  a  specific  plant  variable,  values  not  followed  by  the  same  letter  are  significantly  different  by 
)uncan's  new  multiple  range  test  («=  0.05). 


Available  N  In  the  sand  culture  and  Pt 
lloculation  rate  interacted  to  significantly 
fluence  the  total  dry  weight  of  red  oak 
Sjedling  roots  (Table  2).  At  nitrogen  levels  of 
Ciand  100  mg/kg,  total  root  dry  weight  increased 
Kith  increasing  rates  of  inoculation  except  for 
rots  grown  at  100  mg/kg  nitrjDgen  and  an 
ilsculation  rate  of  300  ml/2,500  cm  quartz  sand. 
a!  a  solution  nitrogen  concentration  of  200 
ii'/kg,  root  dry  weight  tended  to  decrease  with 
f:reas1ng  rates  xif  Pt  inoculation  except  for  the 
3J)  ml/2,500  cm^  rate.  The  pattern  of  root 
gbwth  becomes  less  clear  for  the  high 
ipculation,  high  nitrogen  solution  treatments. 
Tfj  greatest  overall  root  dry  weights  were 
aiiieved  at  solution  nitrogen  concentrations  of 
l|  mg/kg  in  combination  with  200  mi's  of  Pt 
mfellal  Inoculum  and  200  mg/kg  nitrogen  with  300 
mfs  of  Pt  inoculum. 

The  root  dry  weight  was  separated  into 
ci.iponents,  taproot  and  lateral  root.  Averaged 
or  all  treatments,  the  taproot  weighed  2.37 
gins  and  was  not  significantly  influenced  by 
pl>sphorus  treatment  (1.62-2.55  g),  rate  of  Pt 
mielial  inoculation  (2.03-2.81  g),  the 
lieraction  of  solution  nitrogen  and  phosphorus 
Cfjcentrations  (1.11-3.08  g),  or  the  interaction 
01  solution  nitrogen  cencentration  and 
liteulation  rate  (1.34-3.89  g). 

The  significant  differences  associated  with 
tratment  effects  and  total  dry  weight  of  root 
sytems  is  a  function  of  differences  in  dry 
ft'ght  associated  with  lateral  roots  (Table  3). 
Fc:  either  the  0  mg/kg  nitrogen  treatment  or  0  ml 
of  Pt  Inoculation  treatment,  as  the  other 
Irsractive  component  increased,  so  did  the  dry 
weght  of  the  lateral  roots.   At  the  100  mg/kg 


nitrogen  treatment,  lateral  root  weight  was  not 
affected  by  inoculation  rate  except  for  the  200 
Pt  mycelium/ 2, 500  cm  rate.  Similarly,  lateral 
root  weight  was  unchanged  by  rates  of  inoculation 
at  the  200  mg/kg  nitrogen  concenij-ation  except 
for  the  300  ml  Pt  mycelium/2,500  cm  treatment. 

Shoot  to  root  ratio  (S/R)  Increased  with 
increasing  concentrations  of  N  in  the  nutrient 
solution  but  declined  as  P  concentrations 
increased.  S/R  ratio  increased  from  1.43  at  the 
N-0  treatment  to  1.97  at  N-lOO  treatment  and 
declined  slightly  to  1.90  at  the  N-200  treatment. 
S/R  ratio  followed  the  reverse  trend  with 
increasing  concentrations  of  available  P.  As  P 
concentrations  increased  from  0,  50  and  100  mg/kg 
in  the  sand  culture,  R/S  ratio  declined  from  1.73 
to  1.25,  to  0.96.  Increases  in  available 
nitrogen  increased  shoot  (stem  and  foliage) 
growth  relative  to  root  growth  thereby  increasing 
the  S/R  ratio.  Increases  in  available  P  are 
often  associated  with  the  stimulation  of  root 
growth  relative  to  stem  and  foliage  growth. 

Total  plant  dry  weight  was  significantly 
influenced  by  the  interaction  of  nitrogen  and 
phosphorus  in  solution  (Table  4).  When  averaged 
over  all  inoculation  treatments,  as  nitrogen 
concentrations  increased  from  0  to  200  mg/kg,  and 
phosphorus  concentrations  increased  from  0  to  50 
mg/kg,  total  plant  dry  weight  also  increased. 
Except  for  the  N-0  treatment.  Increases  in 
phosphorus  concentration  to  100  mg/kg  resulted  In 
declines  in  total  dry  weight  of  oak  seedlings. 

Inoculation  rate  interacted  significantly 
with  nitrogen  and  phosphorus  to  influence  leaf 
weight  (Table  4).  There  was  generally  little 
effect  of  Pt  inoculation  rate  on  leaf  dry  weight 
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Table  2. — Interaction  of  inoculation  rate  and  solution  nitrogen 
on  total  root  dry  weight  (grams)  of  red  oak  seedlings  grown  in 
containers  In  the  greenhouse  for  17  weeks. 


N  Content 

of  Sand  Culture 

(mg/ka) 

Ei 

0 

solithus  tinctprius  Inoculation 
(fnl/2j500  ?fn     quartz  sapcj) 
100                200                300 

Mean 

0 

1.75al/ 

2.74ab 

3.22b 

3.85b 

2.89 

100 

3.24b 

3.01ab 

5.06c 

2.69a 

3.50 

200 

3.95b 

3.19b 

3.01ab 

5.55c 

3.92 

Mean 

2.98 

2.98 

3.76 

4.03 

"^Values     not     followed     by     the    same    letter    are    significantly 
different   (a  =  0.05)   by  Duncan's  new  multiple  range  test. 


Table  3. — Interaction  of  inoculation  rate  and  solution  nitrogen  on 
the  lateral  root  dry  weight  (grams)  of  red  oak  seedlings  grown 
in  containers  in  the  greenhouse  for  17  weeks. 


N  Content 

of  Sand  Culture 

(mg/kg) 

Pi50l1thus  i. 
(inl/2,500 
0                   100 

inctorius  I 

_£II!     quartz 
200 

0.88ab 

noculatlon 
sapcjl) 
_300 

1.18bc 

Mean 

0 

0.41a^         0.79ab 

0.81 

100 

0.98ab           0.95ab 

1.80c 

0.79ab 

1.13 

200 

1.26bc           1.09abc 

1.07abc 

1.66c 

1.27 

Mean 

0.88               0.95 

1.21 

1.25 

^Values     not     followed     by     the     same     letter     are     significantly 
different   (a  =  0.05)   by  Duncan's  new  multiple  range  test. 


for  plants  grown  in  the  N-0  treatment  but  at  the 
nitrogen  concentration  of  100  to  200  mg/kg  (N-lOO 
and  N-200  treatments),  increasing  rates  of 
mycorrhizal  inoculation  are  associated  with 
greater  leaf  weights.  The  greatest  leaf  weight 
is  associated  with  the  N-200  ^nitrogen  treatment 
and  the  1-200  (200  ml/2,500  cm  sand)  mycorrhizal 
fungal      inoculation     treatment.  Increases      in 

inoculation  rate  for  the  N-200  nitrogen  treatment 
resulted  in  decline   in  total    leaf  weight. 


An  Increase  In  Inoculation  rate  at  the  F 
phosphorus  treatment  resulted  1n  a  steady  t 
nonsignificant  Increase  in  leaf  weight  (Table  « 
At  the  P-50  (50  mg/kg)  phosphorus  treatmer 
Increases  in  inoculation  rate  resulted 
Increases  In  leaf  dry  weight.  For  the  P-j 
phosphorus  treatment,  inoculation  rate  did  t 
significantly  Influence  leaf  dry  weight  for  1 
I-O,  I-lOO  or  1-200  inoculation  treatments  I 
showed    a    marked    Increase    in    leaf   weight   for 


J  < 
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Table  4. — Interaction  of  solution  nitrogen  and  phosphorus  concentrations 
on  total  seedling  dry  weight  and  the  Interaction  of  Pt  inoculation  rate 
and  nitrogen,  and  phosphorus  concentration  of  the  nutrient  solution  on 
leaf  dry  weights  of  seedlings. 


Concentration  of 
Nitrogen   In 
Quartz  Sand 

(Pig/Kg) 

N-o 

N-lOO 

N-200 

Concentration  of 

Phosphorus  In 

Quartz  Sand 

(mg/Kg) 

p-o 

P-50 

p-ioo 


Total  Dry  Weight  (g) 

P  cone. 
(mg/Kg) 


Leaf  Dry  Weight  (g) 
Inoculation  Rates 

(ml/2>5QQ  cfn^  ?and) 


_^ 


jm. 


,1/ 


A.Sdi'^        6.4ab   6. Sab 

4.6a    13. 6d   11.3c 

7.4b    13 .Od   13. Od 


M 


IQQ   2QQ_   3QQ 
1.5a   2.6a  2.3a 


•2.4a'' 

3.6ab       3.7ab     5.7c     4.2bc 
4.7bc       4.3bc     6.8c     4.7bc 

Leaf  Dry  Weight  (g) 

Inoculation  Rates 

(ml/2. 500  cm^  sand) 


IQQ    2QQ 


.200. 


M 


2.0a'^  2.2a  3.3ab  2.8a 
3.7ab  3.7ab  5.6c  5.3c 
4.0ab       4.4bc     4.8bc     4.8bc 


^For  a  particular  set  of  Interactive  variables,  values  followed  by  a 
different  letter  are  significantly  different  by  Duncan's  new  multiple 
range  test   (oi  =  0.05). 


-)0  inoculation  treatment.  For  the  ^control 
I))  and  the  I-lOO  (100  ml/2,500  cm^  sand) 
n:ulat1on  treatment,  leaf  dry  weight  Increased 
1i  Increasing  phosphorus  concentrations.  At 
h  1-200  inoculation  treatment,  leaf  dry  weight 
n-eased  as  phosphorus  concentration  increased 
0)0  mg/kg  and  then  declined  at  P  concentrations 
f   100      mg/kg.  At      the      highest      rate      of 

n;ulat1on,  1-300  (300  ml/2,500  cm  sand)  leaf 
r        weight  Increased  with  Increasing 

Oicentratlons  of  phosphorus. 

I  The  results  of  this  study  appear  to  be  In 
o'llct  with  the  growth  data  presented  by 
e.jord  et  al .  (1980)  who  found  that  red  oak 
ellings  uninoculated  with  Pt  and  receiving  no  N 
e:il1zer  were  larger  than  the  inoculated  and 
e;1l1zed  seedlings.  The  author  concluded  that 
h  levels  of  N,  all  less  than  53  mg/1,  were 
Dably  suboptimal  for  good  growth.  Comparison 
fthe  data  from  the  two  studies  yield  several 
1  erences.  The  present  study  utilized  higher 
aiis  of  Pt  inoculation,  a  different  isolate  of 
idsolate  #138  Instead  of  Isolate  #185)  and 
1'ier      rates      of      N       fertilization.  These 

1  erences  could  account  for  the  differences 
b'rved       In      the      study.  High       rates      of 

eilization    appeared    to    reduce    the    beneficial 


effects  associated  with  Pt  inoculation.  Except 
for  the  N-0  and  P-O  treatments  the  seedlings  were 
not  nutrient  stressed. 

The  colonization  of  seedlings  by  mycorrhlzal 
fungi  1s  often  associated  with  changes  in  the 
percentage  of  extractable  carbohydrates  in  plant 
tissue.  These  differences  were  not  evident  for 
any  of  the  treatment  combinations  for  root  or 
foliage  tissue  but  tended  to  show  an  effect  for 
stem  tissue.  On  the  average  23.5%  of  the  dry 
weight  of  stem  tissue  is  attributed  to  methanol 
extractable  carbohydrates  (MEC)  and  ranged  from 
12.5-34.7%.  While     inoculation      rate     had     no 

significant  Influence  on  the  percentage  of 
methanol  extractable  carbohydrates  in  the  stem 
tissue.  It  did  Influence  the  number  of  seedlings 
with  MEC  values  greater  than  the  average  of 
23.5%.  The  maximum  number  of  occurrences  for  any 
one  inoculation  treatment  is  36.  The  number  of 
occurrences  of  seedlings  with  stem  methanol 
extractable  carbohydrates  greater  than  the  mean 
was  20  for  the  300  ml  inoculation  treatment,  36 
for  the  200  ml  inoculation  treatment,  and  12  for 
the  uninoculated  control  and  the  100  ml 
inoculation  treatment. 
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The  extent  of  the  mycorrhizae  formed  on  the 
root  systems  was  determined  as  a  percentage  of 
the  total  number  of  short  roots,  i.e.,  number  of 
lateral  roots  which  formed  mycorrhizae  divided  by 
the  total  number  of  lateral  roots.  On  the 
average,  48%  of  the  lateral  roots  of  all 
inoculated  seedlings  was  colonized  by  the  fungus 
E.  tinctorius  and  ranged  from  21  to  63%.  No 
mycorrhizae  formed  on  the  uninoculated  control 
seedlings.  Because  of  the  high  degree  of 
variability  among  treatments,  there  were  no 
significant  differences  in  the  percentage  of 
mycorrhizae  formed  for  any  of  the  inoculation 
treatments.  At  low  concentrations  of  P  in  the 
nutrient  solution,  the  %  of  Pt  colonization 
tended  to  increase  with  increasing  amounts  of  Pt 
inoculum  and  N  concentration  in  the  nutrient 
solution  (range  31-50%).  At  high  concentrations 
of  N  and  P  in  the  nutrient  solutions,  the  amount 
of  mycorrhizae  formed  was  low  (21-33%)  and  showed 
no  relationship  to  inoculation  treatment.  The 
greatest  development  of  mycorrhizae  occurred  at 
the  moderate  nutrient  treatment  where  the  N  to  P 
ratio  was  2:1  (100  mg/kg,  N  and  50  mg/kg,  P). 
The  percentage  of  Pt  colonization  averaged  57% 
and  ranged  from  48%,  at  the  100  ml  Pt  inoculum 
per  2,500  cm  sand,  to  63%  at  the  300  ml 
inoculation  rate. 

The  absence  of  any  significant  difference 
among  treatments  means  in  the  amount  of  Pt 
ectomycorrhizae  formed  (measured  as  %  of  total 
lateral  roots)  is  disappointing  but  not  totally 
surprising.  Grand  and  Harvey  (1982)  indicate  the 
percentage  figure  may  be  statistically 
overwhelmed  because  of  such  overriding  factors  as 
size  of  seedling  and  number  of  roots.  This  is 
apparently  the  case  in  this  study.  Even  with  a 
small  genetic  base  (5  parent  trees),  the  genetic 
variability  appeared  to  be  significantly  large 
enough  to  cause  a  large  variability  in  seedling 
size  and  number  of  short  roots  for  a  nutrient  and 
inoculation  treatment  combination  causing  such 
variability  in  the  %  colonization  figure  that  it 
was  not  significant. 


CONCLUSIONS 

From  these  data  it  appears  that  inoculation 
rate  and  solution  nitrogen  concentration  interact 
positively  to  increase  total  plant  dry  weight  and 
the  percentage  of  root  dry  weight  occurring  in 
lateral  roots.  Secondly,  increases  in  solution 
nitrogen  concentration  and  decreases  in  solution 
phosphorus  concentrations  significantly  increased 
plant  shoot  to  root  ratios.  And  finally,  the 
physical  parameters  of  red  oak  seedlings  grown  at 
moderate  levels  of  fertility  are  significantly 
increased  by  inoculation  with  Pisolithus 
tinctorius. 
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THE  PERFORMANCE  OF  LOBLOLLY,  VIRGINIA,  AND  SHORTLEAF  PINE  ON  A  RECLAIMED  SURFACE  MINE 

AS  AFFECTED  BY  PISOLITHUS  TINCTORIUS  ECTOMYCORRHIZAE  AND  FERTILIZATION^ 

R.  F.  Walker,  D.  C.  West,  S.  B.  McLaughlin,  and  C.  C.  Amundsen2/ 


Abstract.   The  effects  of  an  induced  Pisolithus  tinctorlus 
infection  and  broadcast  fertilization  on  the  survival  and  growth 
of  loblolly  (Pinus  taeda) ,  Virginia  (Pinus  virginiana) ,  and 
shortleaf  (Pinus  echinata)  pine  outplanted  on  an  east  Tennessee 
coal  surface  mine  which  had  been  regraded  and  hydroseeded  with  a 
mixture  of  ground  cover  species  were  studied.   After  six  years, 
the  survival  and  growth  of  loblolly  pine  with  £.  tinctorius 
ectomycorrhizae  were  significantly  improved  in  comparison  with 
control  loblolly  pine  infected  by  other  ectomycorrhizal  symbi- 
onts,  but  fertilization  at  outplanting  resulted  in  a  significant 
reduction  in  the  survival  of  this  species.   The  response  of  the 
Virginia  pine  to  the  infection  by  P^.  tinctorius  was  negligible 
after  five  years,  but  fertilization  at  outplanting  also  signifi- 
cantly reduced  the  survival  of  Virginia  pine.   Fertilization  of 
the  shortleaf  pine  at  the  start  of  the  third  growing  season  did 
not  result  in  the  drastic  mortality  exhibited  by  the  loblolly 
pine,  and  to  a  lesser  extent  the  Virginia  pine,  in  response  to 
fertilization  at  outplanting,  but  this  treatment  was  still  det- 
rimental to  the  survival  of  this  species  after  five  years. 
There  was  a  marginal  improvement  in  the  survival  and  growth  of 
the  shortleaf  pine  in  response  to  the  infection  by  P^.  tinctorius. 
The  effect  of  fertilization  on  the  growth  of  all  three  species 
was  negligible.   These  results  indicate  that  the  magnitude  of 
the  response  exhibited  by  pines  on  harsh  sites  to  an  ectomycor- 
rhizal infection  by  P^.  tinctorius  is  species  dependent.   Also, 
broadcast  fertilization  is  inefficient  on  surface-mined  sites 
where  a  vegetative  ground  cover  has  been  established,  and  there 
is  a  need  for  further  research  concerning  the  methods,  timing, 
and  rates  of  fertilization  employed  on  these  sites  when  both 
ground  cover  and  pine  species  are  included  in  post-mining  reveg- 
etation. 


\J   Paper  presented  at  the  Southern  Silvicul- 
tural  Research  Conference,  Atlanta,  Georgia, 
November  7-8,  1984. 

2/  The  authors  are  University  of  Tennessee 
Research  Associate  stationed  in  the  Environmental 
Sciences  Division  of  the  Oak  Ridge  National  Lab- 
oratory, Oak  Ridge,  TN   37831;  Research  Staff 
Member  and  Senior  Research  Staff  Member,  respec- 
tively. Environmental  Sciences  Division,  Oak 
Ridge  National  Laboratory;  and  Associate 
Professor,  Graduate  Program  in  Ecology, 
University  of  Tennessee,  Knoxvllle,  TN   37996. 
This  research  was  sponsored  by  the  Bioraass  Energy 
Technology  Dvision  of  the  U.S.  Department  of 
Energy  under  contract  DE-AC05-840R21400  with 
Martin  Marietta  Energy  Systems,  Incorporated. 
Publication  No.  2459,  Environmental  Sciences 
Division,  ORNL.   The  use  of  trade  or  corporation 
nameR  in  this  publication  does  not  constitute  an 
endorsement  by  the  Oak  Ridge  National  Laboratory. 


INTRODUCTION 

Mycorrhizal  relationships  are  recelvin 
major  consideration  in  the  development  of 
improved  reforestation  techniques  for  surfa  i 
mined  lands.   Due  to  mining  practices  which, 
quently  result  in  the  burial  of  surface  str  I 
the  status  of  mine  spoils  in  relation  to  th' i 
ability  to  promote  these  symbiotic  assoclat  < 
Is  questionable.   Subsequently,  the  inocula  1 
of  selected  species  of  forest  tree  seedlingi 
the  appropriate  mycorrhizal  fungus  prior  to 
outplanting  has  considerable  potential  as  ai 
invaluable  tool  in  the  revegetation  of  thesf 
sites.   There  is  ample  evidence  which  sugges : 
that  certain  ectomycorrhizal  fungi  have  a 
superior  ability  to  provide  benefits  to  thei : 
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OS  under  the  adverse  growing  conditions  preva- 
e-  In  mine  spoils,  which  are  often  charac- 
e  zed  by  a  low  pH,  low  nutrient  status,  high 

0  entratlons  of  toxic  substances,  elevated 

u  ace  temperatures,  and  droughtiness .   Marx 
r?)  has  reported  the  occurrence  of  Plsollthus 

1  torius  (Pers.)  Coker  and  Couch  In  association 
iji  several  forest  tree  species  on  a  variety  of 
1;  spoils,  and  in  preliminary  studies,  pine 
e'llings  with  an  Induced  infection  by  P.   tlnc- 

0  us  have  exhibited  survival  and  growth 
u^rlor  to  that  of  nonlnoculated  seedlings 
nxted  with  naturally  occurring  fungal  sym- 

1  Its  on  several  surface  mine  sites  (Berry  1982, 
a:  and  Artman  1979,  Walker  et  al.  1981).   The 
tJy  reported  here  was  designed  to  assess  the 
ffCt  of  an  Induced  infection  by  P.  tlnctorlus 
n;he  survival  and  growth  of  loblolly  (Pinus 
ala^L.),  Virginia  (Pinus  virginlana  Mill.),  and 
h'tleaf  (Pinus  echinata  Mill.)  pine  outplanted 
nconjunctlon  with  the  establishment  of  a  vege- 
a  ve  ground  cover  on  a  surface  mine  in 
eiessee.   Due  to  the  demonstrated  response  of 
o:st  trees  to  nutrient  amendments  on  such  sites 
Z -gar  et  al.  1973),  a  fertility  variable  was 
noduced  to  permit  an  examination  of  the 
n;ractions  of  Pj_  tlnctorlus  ectomycorrhizae  and 
eilizatlon  as  they  affected  the  performance  of 
h|e  species. 


MATERIALS  AND  METHODS 

The  P.  tlnctorlus  inoculums  used  in  the  pro- 
ai:ion  of  the  loblolly  and  shortleaf  pine 
ellings  in  this  study,  designated  GA  100,  were 
rluced  by  the  Institute  for  Mycorrhizal 
eiarch  and  Development  (IMRD)  of  the  USDA 
oist   Service .3_/   The  P.  tlnctorlus  inoculums 
si  in  the  production  of  the  Virginia  pine 
ellings  consisted  of  three  formulations;  the  GA 
0!  produced  by  the  IMRD,  and  the  ABB  100  and  AB 
0,  produced  by  Abbott  Laboratories  .4_/   All  of 
h  Pj^  tlnctorlus  inoculums  consisted  of  fungal 
yilia   grown  on  a  vermicullte-peat  moss-nutrient 
eLum  substrate  such  that  the  hyphae  permeated 
h  vermicullte  particles.   For  the  loblolly, 
ijinia,  and  shortleaf  pine  seedlings,  GA  100 
eLgnates  the  application  of  the  inoculums  pro- 
u;d  by  the  IMRD  to  the  nursery  bed  at  the  rate 
fl.08  1  m~2.   For  the  Virginia  pine  seedlings, 
B  100  and  ABB  200  designates  the  application  of 
h  Inoculum  produced  by  Abbott  Laboratories  to 
h  nursery  bed  at  the  rate  of  1.08  1  m"^  and 
.6  1  m"'^,  respectively.   The  methods  of  produc- 
In  of  the  seedlings  of  each  of  the  three  spe- 
lls used  in  this  study  were  described  in  detail 
>Marx  et  al.  (1984).   The  loblolly  pine 
f.dlings,  grown  by  the  Weyerhaeuser  Company5_/  at 

_3/  Southeastern  Forest  Experiment  Station, 
):^stry  Sciences  Laboratory,  Carlton  Street,  Athens, 
igia  30602. 

.  A^/  Agricultural  Research  Center,  6131  RFD 
i|'ood  Road,  Long  Grove,  Illinois  60047. 

V  Southern  Forestry  Research  Center,  P.O.  Box 
)),  Hot  Springs,  Arkansas  71901. 


their  Fort  Towson,  Oklahoma  Nursery,  were  lifted 
in  January  1978.   The  Virginia  pine  seeldlngs, 
grown  by  the  Indiana  Division  of  Forestry  at 
their  Vallonia  State  Nursery^/,  and  the  shortleaf 
pine  seedlings,  grown  by  the  Missouri  Department 
of  Conservation  at  their  George  0.  White  State 
Nursery7_/,  were  lifted  in  March  and  April  1979, 
respectively.   Control  seedlings  of  each  of  the 
three  species  were  grown  identically  to  their 
inoculated  counterparts  except  that  no  Inoculums 
were  incorporated  into  the  nursery  bed.   At 
lifting,  the  degree  of  ectomycorrhlzal  develop- 
ment of  the  seedlings  of  all  species  and  treat- 
ments was  evaluated  by  the  IMRD  by  the  method  of 
Marx  and  Bryan  (1975),  and  the  seedlings  to  be 
outplanted  were  graded  to  uniform  heights  and 
root  collar  diameters. 

The  outplantlng  site  was  a  surface  mine 
located  on  a  west-facing  slope  in  Campbell 
County,  Tennessee  (36°19'30"N,  84°17'30"W).   All 
mining  ceased  in  the  fall  of  1977  and  the  spoil 
was  returned  to  the  approximate  original  contour. 
The  site  was  Immediately  hydroseeded  with  a  mix- 
ture of  Kentucky  31  tall  fescue  (Festuca  arun- 
dinacea  Schreb.),  perennial  ryegrass  (Lollum 
perenne  L. ) ,  and  sericea  lespedeza  (Lespedeza 
cuneata  [Dumont]  G.  Don),  and  then  a  straw- 
cellulose  fiber-asphalt  mulch  was  applied.   The 
loblolly  pine  seedlings  were  hand  planted  in 
April  1978  in  a  randomized  block  design  with  five 
replicate  blocks.   Each  block  consisted  of  four 
plots  of  25  seedlings  each  planted  in  five  rows 
of  five  seedlings  each  with  a  spacing  within  and 
between  rows  of  approxiamtely  1.25  m  and  a 
spacing  between  plots  of  approxiamtely  6  m.   The 
treatments  of  the  loblolly  pine  consisted  of  the 
GA  100  seedlings  fertilized  at  the  rate  of  336  kg 
ha~l  NPK,  nonfertillzed  GA  100  seedlings,  control 
seedlings  also  fertilized  at  the  rate  of   336  kg 
ha"'-  NPK,  and  nonfertillzed  control  seedlings. 
Each  of  the  four  treatments  was  represented  in 
individual  plots  within  each  block.   Prior  to  the 
application  of  the  fertilizer,  five  soil  sub- 
samples  were  collected  from  each  plot  at  a  depth 
of  0  to  20  cm  and  combined  into  one  composite 
sample  per  plot.   These  samples  were  analyzed  for 
pH  by  use  of  a  glass  electrode  on  a  1:1  mixture 
of  soil  and  distilled  water;  total  N  by 
macro-Kjeldahl  digestion;  weak  bray  P  colori- 
metrlcally  after  extraction  with  NH4F  and  HCl ;  K 
by  atomic  absorption  after  extraction  with 
NH4C2H3O2;  Fe  and  Mn  by  atomic  absorption  after 
extraction  with  HCl;  and  Al  by  atomic  absorption 
after  extraction  with  KCl  .8_/  After  the  collec- 
tion of  the  soil  samples,  82  g  of  15-15-15  (NPK) 
granular  fertilizer  was  evenly  distributed  over 
0.37  m2  around  each  of  the  appropriate  seedlings 
to  achieve  the  fertilization  equivalent  of  336  kg 
ha"l  NPK  (as  N,  P2O5,  and  K2O).  The  Virginia  pine 
seedlings  were  hand  planted  in  April  1979  in  a 


6^/  Route  1,  Vallonia,  Indiana  47281. 
7_/   Route  2,  Box  465,  Licking,  Missouri  65542 
8^/,  9^/,  and  10/  All  soil  analyses  were  done 
by  A&L  Agricultural  Laboratories,  Incorporated, 
411  North  Third  Street,  Memphis,  Tennessee  38105. 


411 


split  plot  design  with  three  replicate  blocks. 
Each  block  consisted  of  four  plots  of  50 
seedlings  each  planted  in  five  rows  of  10 
seedlings  each  with  a  spacing  within  and  between 
rows  of  approximately  1.25  m  and  a  spacing  be- 
tween plots  of  approximately  6  m.   The  mycorrhizal 
treatments  of  the  Virginia  pine  consisted  of  the 
GA  100,  ABB  100,  ABB  200,  and  control  seedlings, 
and  each  of  the  four  mycorrhizal  treatments  was 
represented  in  individual  plots  within  each 
block.   Each  plot  was  then  divided  into  two 
subplots,  one  of  which  was  fertilized  at  the  rate 
of  336  kg  ha~l  NPK  by  the  method  described  above 
for  the  loblolly  pine .9^/   The  shortleaf  pine 
seedlings  were  planted  in  May  1979  in  a  split 
plot  design  identical  to  that  of  the  Virginia 
pine  except  that  there  were  only  two  replicate 
blocks,  the  mycorrhizal  treatments  consisted  only 
of  the  GA  100  and  control  seedlings,  and  the  fer- 
tility treatments  were  not  initiated  until  the 
start  of  the  third  growing  season.   The  rate  and 
method  of  fertilization  and  the  collection  and 
analyses  of  the  soil  sampleslO/  for  the  shortleaf 
pine  were  the  same  as  those  described  above  for 
the  Virginia  pine.   Survival,  height,  and  root 
collar  diameter  measurements  were  made  annually 
through  the  sixth  year  for  the  loblolly  pine  and 
through  the  fifth  year  for  the  Virginia  and 
shortleaf  pine.   The  plot  volume  index  of  Marx  et 
al.  (1977),  which  incorporates  both  survival  and 
growth,  was  employed  as  an  indicator  of  overall 
seedling  performance  in  response  to  each  com- 
bination of  treatments.   This  index  is  defined  as 
the  height  (cm)  x  (root  collar  diameter  [cm])2  x 
number  of  surviving  seedlings  per  plot  (for 
loblolly  pine)  or  per  subplot  (for  Virginia  and 
shortleaf  pine).   Analyses  of  variance  were  done 
on  all  data  and  the  differences  among  means  were 
evaluated  with  Duncan's  New  Multiple  Range  Test. 


RESULTS 

The  examinations  of  the  seedling  root 
systems  at  lifting  from  the  nursery  bed  revealed 
that  ectomycorrhizae  formed  by  P.  tinctorius  were 
at  least  moderately  abundant  on  the  GA  100 
seedlings  of  the  loblolly,  Virginia,  and 
shortleaf  pine  and  on  the  ABB  200  seedlings  of 
the  Virginia  pine.   Thelephora  terrestris  (Ehrh.) 
Fr.  appeared  to  be  the  predominant  naturally 
occurring  ectomycorrhizal  symbiont  on  the  roots 
of  the  inoculated  and  control  seedlings  of  all 
three  species.   The  GA  100  loblolly  pine 
seedlings  had  15%  of  their  feeder  roots  infected 
with  Pj^  tinctorius  and  17%  infected  with 
naturally  occurring  ectomycorrhizal  fungi. 
Ninety  percent  of  the  GA  100  loblolly  pine 
seedlings  examined  were  infected  with  Pj_  tinc- 
torius.  The  loblolly  pine  control  seedlings  had 
35%  of  their  feeder  roots  infected  with  naturally 
occurring  ectomycorrhizal  symbionts,  and  none  of 
those  examined  were  infected  with  P.  tinctorius. 
Twenty  percent  and  22%,  respectively,  of  the 
feeder  roots  of  the  GA  100  and  ABB  200  Virginia 


pine  seedlings  were  infected  with  P.  tinct i us 
and  100%  of  the  seedlings  examined  of  thes  :»wo 
treatments  were  infected  with  this  symbion 
Five  percent  of  the  feeder  roots  of  these  i 
treatments  were  infected  with  naturally  oc  vring 
symbionts.   The  ABB  100  Virginia  pine  seed  :igs 
had  only  5%  of  their  feeder  roots  infected  \:th 
P.  tinctorius  and  12%  infected  with  other  ;  j- 
bionts,  and  only  50%  of  the  seedlings  exam:  id 
were  infected  with  P.  tinctorius.   Twenty  ]  Epent 
of  the  feeder  roots  of  the  Virginia  pine  ci  tkol 
seedlings  were  infected  with  naturally  occi  (bg 
symbionts,  and  none  of  the  seedlings  examii  5j  of 
this  treatment  were  infected  with  P^_  tinctc  dis. 
Forty-three  percent  of  the  feeder  roots  of  t>  M 
100  shortleaf  pine  seedlings  were  infected  « ti 
P.  tinctorius  and  10%  were  infected  with  ot t 
fungal  symbionts.   All  of  the  GA  100  seedli  i; 
examined  of  this  species  were  infected  with 
tinctorius.   None  of  the  shortleaf  pine  con  Jl 
seedlings  were  infected  with  P.  tinctorius,  t 
35%  of  their  feeder  roots  were  infected  by  )  er 
ectomycorrhizal  fungi. 


The  analyses  of  the  soil  samples  colle ; d 
at  outplanting  from  the  plots  of  the  loblol 
pine  seedlings  revealed  that  no  significant  f- 
ference  existed  for  any  of  the  parameters  tiled 
between  the  groups  of  plots  of  each  combinauili 
of  ectomycorrhizal  and  fertilization  treatmin^' 
(P=0.05).   The  means  for  all  of  the  lobloll;' ;Lne 
plots  were  pH  6.0,  1049  ppm  total  N,  12  ppmijik 
bray  P,  and  120,  340,  136,  and  12  ppm  of  K,  1 
Mn,  and  Al,  respectively.   The  analyses  of  1 1 
soil  samples  collected  at  outplanting  from  1 -j} 
subplots  of  the  Virginia  pine  seedlings  rev«  3;d 
that  no  significant  difference  existed  at  P=  1 5 
in  pH,  total  N,  weak  bray  P,  K,  Mn,  or  Al  be  ten 
the  groups  of  subplots  of  each  combination  c : 
treatments,  but  that  the  subplots  of  the  nor  :^- 
tilized  GA  100  seedlings  had  a  significantly  j 
higher  concentration  of  Fe  than  the  subplots  I 
the  nonfertilized  control  seedlings.   The  gris 
of  subplots  of  the  other  treatment  combinatl  )j 
did  not  differ  significantly  from  either  of  .[se 
in  the  concentration  of  Fe.   The  means  for  a  bf 
the  Virginia  pine  subplots  were  pH  5.3,  1265  m 
total  N,  10  ppm  weak  bray  P,  and  119,  230,  9  | 
and  92  ppm  of  K,  Fe,  Mn,  and  Al,  respective!;  | 
The  analyses  of  the  soil  samples  collected  a  j 
outplanting  from  the  subplots  of  the  shortle  1 
pine  seedlings  revealed  that  no  significant  t 
ferences  existed  at  P=0.05  for  any  of  the  pa  <i* 
ters  tested  between  the  groups  of  subplots  o: 
each  combination  of  treatments.   The  means  f 1 1 
all  of  the  shortleaf  pine  subplots  were  pH  5  C 
1228  ppm  total  N,  6  ppm  weak  bray  P,  and  105  i 
44,  and  144  ppm  of  K,  Fe,  Mn,  and  Al,  respec- 
tively.  The  variability  inherent  in  the  cheiU 
properites  of  mlnesoils  in  the  southern 
Appalachian  region  was  much  in  evidence  on  ti  t 
site.   Overall,  however,  this  mine  site  was  t '" 
cal  of  those  found  in  this  region  in  that  it  '\ 
deficient  in  P  and  the  levels  of  Fe  and  Mn  we -I 
high  (Cummins  et  al.  1965).   With  the  excepti  ij 
of  the  portion  of  the  site  on  which  the  loblo 
pines  were  planted,  the  level  of  Al  was  also 
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Table  1.   The  survival  and  growth  of  loblolly  pine  with  and  without  Pisolithus 

tinctorius  ectomycorrhizae  and  with  and  without  fertilization  after  six  years  on  a 
reclaimed  surface  mine  in  Tennessee. 1/ 


Mortality: 
Two  Years 
Following 
Survival      Fertilization 
Treatment  (%)         Treatment  (%) 


Root 

Plot 

Collar 

Volume 

Height 

Diameter 

Index 

(cm) 

(mm) 

(cm3) 

GA  100 

Fertilized 

GA  100 

Nonfertilized 

Control 

Fertilized 

Control 

Nonfertilized 


53b 


76a 


27c 


62b 


41b 


9c 


66a 


21bc 


146a 


136ab 


123b 


128ab 


28a 


26ab 


59,939a 


55.679a 


24ab2/      6,615b 


24b2/      25,761b 


1/  Within  a  column,  means  with  a  common  letter  do  not  differ  significantly  at 


P=0.1. 


2/  Difference  in  grouping  between  identical  means  due  to  rounding. 


ically  high.   It  was  atypical  in  that  the 
el  of  N  was  adequate  for  most  of  the  plant 
cies  commonly  used  in  the  revegetation  of 
86  sites. 


The  survival  of  loblolly  pine  was  slgnlfi- 
:itly  affected  after  six  years  by  the  Infection 
j!th  P.  tinctorius  and  by  fertilization  (Table 
LJ  P.  tinctorius  ectomycorrhizae  promoted 
;jianced  survival  of  the  GA  100  trees,  but  fer- 
ization  at  outplanting  reduced  survival 
espective  of  the  mycorrhlzal  treatment.   The 
l^eraction  of  the  two  treatments  resulted  in 
sJie  moderation  of  their  opposite  effects,  but 
t|>  positive  result  of  the  Pj^  tinctorius  infec- 
tim  only  partially  compensated  for  the  negative 
r|Sult  of  fertilization.   The  reduction  in  sur- 
v)/al  associated  with  fertilization  was  most 
dl^stic  among  the  control  trees,  but  within  both 
mtorrhizal  treatments,  the  mortality  of  fer- 
tilized trees  during  the  first  two  years  was 
s^nlficantly  higher  than  that  of  nonfertilized 
t^es  and  a  disproportionate  amount  of  the  mor- 
ellty  of  the  fertilized  trees  over  the  six  years 
cj!  measurement  occurred  during  the  first  two 
jjjars.   The  infection  by  P.  tinctorius  also 
sgnificantly  Increased  the  growth  in  both  height 
id   root  collar  diameter  of  the  loblolly  pine 
ater  six  years,  but  the  effect  of  this  treatment 
dl  growth  was  not  as  dramatic  as  its  effect  on 
ijrvival.   The  effect  of  fertilization  on  the 
Jowth  of  this  species  was  largely  negligible. 
'e  overall  superior  performance  of  the  trees 
1  th  P.  tinctorius  ectomycorrhizae  was  most 
ifparent  when  survival  and  growth  were  integrated 
jito  plot  volume  Index  for  each  of  the  com- 
nations  of  treatments.   As  a  whole,  the  plot 


volume  index  of  the  trees  with  these  mycorrhizae 
was  more  than  250%  greater  than  that  of  the 
control  trees.   The  exceedingly  low  plot  volume 
index  of  the  fertilized  control  trees  was  pri- 
marily the  result  of  their  poor  survival. 

The  survival  of  Virginia  pine  was  not  sig- 
nificantly affected  by  an  infection  with  P.  tinc- 
torius after  five  years,  but  fertilization  at 
outplanting  significantly  reduced  survival  within 
every  mycorrhizal  treatment  except  for  the 
control  trees  (Table  2).   Within  the  control 
treatment,  the  trend  of  reduced  survival  asso- 
ciated with  fertilization  noted  for  the  other 
mycorrhizal  treatments  was  maintained,  but  the 
difference  between  fertilized  and  nonfertilized 
trees  was  not  significant.   Mortality  during  the 
first  two  years  was  significantly  higher  for  fer- 
tilized than  for  nonfertilized  trees  within  all 
but  one  of  the  mycorrhizal  treatments,  the  excep- 
tion again  being  the  control  treatment,  but  here 
also  the  prevailing  trend  was  evident.   Any 
effect  of  either  the  mycorrhizal  or  fertilization 
treatments  on  the  height,  root  collar  diameter, 
or  plot  volume  iadex  of  Virginia  pine  was 
nonsignificant  after  five  years,  and  non  discer- 
nible trend  existed  in  the  variation  among  treat- 
ment combinations  of  any  of  these  parameters. 

The  survival  of  shortleaf  pine  was  also  not 
significantly  affected  by  an  infection  with  Pj_ 
tinctorius,  but  fertilization  during  the  third 
year  significantly  reduced  the  survival  of  this 
species  after  five  years  (Table  3).   Within  both 
the  GA  100  and  control  mycorrhizal  treatments, 
mortality  during  the  two  years  following  fer- 
tilization was  significantly  higher  in  fertilized 
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Table  2.   The  survival  and  growth  of  fertilized  and  nonfertilized  Virginia  pine  with 
Pisolithus  tinctorlus  ectomycorrhizae  from  three  inoculum  formulations  and 
fertilized  and  nonfertilized  control  Virginia  pine  after  five  years  on  a  reclaimed 
surface  mine  in  Tennessee. 1/ 


Treatment 


Mortality: 

Two  Years 

Root 

Plot        ! 

Following 

Collar 

Volume 

Survival 

Fertilization 

Height 

Diameter 

Index 

(%) 

Treatment  (%) 

(cm) 

(mm) 

(cm3) 

67b 

23ab 

169a 

30a 

52,648a   J 

■ 

87a 

9cd 

158a 

27a 

38,056a   ^M 

69b 

27a 

180a 

30a 

68,380a   ^M 

92a 

7cd 

190a 

34a 

^M 

72b 

20a 

172a 

30a 

^M 

95a 

Id 

172a 

30a 

58,103a    ^P 

88a 

12abc 

182a 

30a 

54,348a 

92a 

5bcd 

176a 

29a 

61,710a 

GA  100 

Fertilized 

GA  100 

Nonfertilized 

ABB  100 

Fertilized 

ABB  100 

Nonfertilized 

ABB  200 

Fertilized 

ABB  200 

Nonfertilized 

Control 

Fertilized 

Control 

Nonfertilized 


1/  Within  a  column,  means  with  a  common  letter  do  not  differ  significantly  at 


P=0.1. 


than  in  nonfertilized  trees,  although  the  appli- 
cation of  fertilizer  to  the  shortleaf  pine  at  the 
onset  of  the  third  growing  season  did  not  result 
in  the  drastic  mortality  during  the  ensuing  two 
years  exhibited  by  the  loblolly  pine,  and  to  a 
lesser  extent  the  Virginia  pine,  in  response  to 
an  identical  application  at  outplanting.   Neither 
the  mycorrhizal  nor  the  fertilization  treatments 
had  a  significant  effect  on  the  height  or  root 
collar  diameters  of  the  GA  100  trees  were  margi- 
nally larger  than  those  of  the  control  trees. 
Overall,  the  plot  volume  index  of  the  GA  100 
trees  was  almost  80%  greater  than  that  of  the 
control  trees,  but  the  differences  in  plot  volume 
index  between  treatment  combinations  were  non- 
significant. 


DISCUSSION 

It  can  be  concluded  that  P_^  tinctorlus  ecto- 
mycorrhizae significantly  improved  the  survival 
and  growth  of  loblolly  pine  after  six  years  on 
this  sice.   It  is  probable  that  the  deficient 


level  of  P  and  the  elevated  levels  of  Fe  and  + 
in  this  minesoil  rendered  these  mycorrhizae  {ij 
ticularly  Important  to  this  host,  as  an  lnfec:|i 
by  P .  tinctorlus  has  been  shown  to  enhance  th ili 
performance  of  pine  seedlings  on  sites  havings  i 
deficiencies  of  essential  nutrients  and/or  el  i 
vated  levels  of  potentially  toxic  metallic  io  ^ 
(Berry  1982,  Marx  and  Artman  1979).   It  is  al  ^ 
possible  that  the  increased  capability  for  th  j 
absorption  of  water  and  nutrients  afforded    j 
loblolly  pine  by  the  P.  tinctorlus  ectomycorrlj 
zae  was  of  added  importance  in  this  study  due  t| 
competition  with  the  ground  cover  species  plait 
on  the  site.   The  desirability  of  revegetatinj 
surface  mines  simultaneously  with  both  ground  1 
cover  and  woody  species  is  obvious,  but  the 
resulting  competition  for  light,  water,  and    I 
nutrients  is  often  intense.   The  presence  of  P  . 
tinctorlus  ectomycorrhizae  on  the  roots  of  the 
Virginia  pine  had  essentially  no  effect  on  the 
performance  of  this  host  species  after  five 
years.   It  is  possible  that  this  site  was  not 
inadequate  for  the  growth  of  Virginia  pine,  a 
species  noted  for  its  hardiness  on  poor  sites, 
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Table  3.   The  survival  and  growth  of  shortleaf  pine  with  and  without  Pisollthus 

tinctorlus  ectomycorrhizae  and  with  and  without  fertilization  after  five  years  on  a 
reclaimed  surface  mine  in  Tennessee. 1/ 


Treatment 


Mortality: 

Two  Years 

Root 

Plot 

Following 

Collar 

Volume 

Survival 

Fertilization 

Height 

Diameter 

Index 

(%) 

Treatment  (%) 

(cm) 

(mm) 

(cm3) 

GA  100 

Fertilized 

GA  100 

Nonfertilized 

Control 

Fertilized 

Control 

Nonfertilized 


40b 


72a 


40b 


56ab 


10a 


Oc 


10a 


4b 


132a 


150a 


141a 


131a 


31a 


35a 


28a 


25a 


18,213a 
40,901a 
16,337a 
16,537a 


1/  Within  a  column,  means  with  a  common  letter  do  not  differ  significantly  at 


P=0.1. 


t|e  extent  that  the  potential  advantage  afforded 
tj  Inoculated  trees  by  Pj_  tinctorlus  did  not 
;:eed  that  provided  the  control  trees  by  other 
2:omycorrhizal  symbionts.   In  all  probability,  a 
i;her  initial  level  of  ectomycorrhizal  develop- 
ii,it  by  P_^  tinctorlus  on  the  roots  of  both  the 
L  iculated  loblolly  and  Virginia  pine  would  have 
faulted  in  a  more  substantial  Improvement  in 
tUr  growth  after  outplantlng,  as  the  Initial 
Itel  of  infection  of  both  species  by  this  sym- 
b:nt  could  only  be  considered  moderate.   The 
Liectlon  of  shortleaf  pine  by  Pj_  tinctorlus 
reulted  in  marginal,  although  usually  non- 
slnlf leant,  Improvement  in  the  performance  of 
tbs  species  after  five  years,  but  inadequate 
rellcation  necessitated  that  differences  between 
tratments  be  exceedingly  large  to  be  slgnifi- 
:a:.   Throughout  this  study,  the  presence  of 
iiuferous  Pj_  tinctorlus  basldlocarps  associated 
»!'»  the  inoculated  trees  of  all  three  species 
pr/ided  evidence  that  this  mycorrhizal  rela- 
tl'ishlp  remained  vigorous.   The  lack  of  any 
abiirved  association  of  these  basldlocarps  with 
th<  control  trees  of  any  of  the  three  species 
Imicated  that  the  integrity  of  the  control 
oysirrhlzal  treatments  remained  largely  intact. 

I  Fertilization  by  broadcasting  at  the  rate 
imptoyed  in  this  study  was  detrimental  to  the 
mtlval  of  the  loblolly,  Virginia,  and  Shortleaf 
.lin.  The  P_^  tinctorlus  ectomycorrhizae  par- 
•laly  offset  this  effect  In  the  loblolly  pine 
'utiiot  in  the  other  two  species.   Delaying  fer- 
,  il'.atlon  until  the  start  of  the  third  growing 
:,ea)n  resulted  in  a  moderation  of  this  effect  in 
jhe'ihortleaf  pine,  but  there  was  still  a  signi- 
j.l-c.it  Increase  in  the  mortality  of  the  shortleaf 
..ln<i associated  with  this  treatment.   The  effect 


of  fertilization  on  the  growth  of  all  three  spe- 
cies was  essentially  negligible.    Czapowskyj 
(1973)  has  also  noted  that  the  fertilization  of 
forest  trees  on  surface-mined  lands  was  not 
entirely  free  from  the  risk  of  reducing  survival, 
but  the  broadcast  application  of  fertilizer  at 
moderate  to  high  rates  at  outplantlng,  the  method 
most  commonly  employed  in  the  southern 
Appalachian  coal  fields,  may  prove  to  be  among 
the  least  desirable  of  the  options  available  when 
the  planting  of  trees  is  accompanied  by  the 
establishment  of  a  vegetative  ground  cover.   In 
this  study,  broadcast  fertilization  only  served 
to  stimulate  the  growth  of  the  ground  cover  spe- 
cies, undoubtedly  resulting  in  intense  com- 
petition for  light,  water,  and  nutrients.   During 
the  two  years  following  the  fertilization  of  each 
of  the  three  species,  the  ground  cover  species 
often  overtopped  the  pine  seedlings.   Jorgensen 
(1981)  has  noted  that  sericea  lespedeza  competes 
vigorously  with  planted  trees  if  control  is  not 
exercised  on  the  density  of  the  sericea  stand, 
and  this  ground  cover  species  appeared  to  be  the 
primary  culprit  in  a  competition-induced  Increase 
in  mortality  of  the  fertilized  trees  of  all  three 
species  in  this  study.   It  is  also  probable  that 
fertilization  at  outplantlng  of  the  loblolly  and 
Virginia  pine  stimulated  excessive  shoot  growth 
during  the  first  growing  season  which  the  root 
system  was  Incapable  of  supporting  during  the  dry 
periods  of  late  summer  and  fall.   It  is  likely 
that  any  Imbalance  In  the  shoot/root  ratio  of 
these  seedlings  contributed  to  an  internal  water 
deficit  which  was  accentuated  by  the  competition 
with  the  ground  cover  species.   It  is  apparent 
that  further  research  is  warranted  with  respect 
to  the  rate,  timing,  and  method  of  fertilization 
employed  on  surface-mined  sites  when  the 
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establishment  of  both  a  ground  cover  and  a  tree 
crop  is  desired. 
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DRY  WEIGHT  AND  ELEMENT  CONTENT  OF  THE  HARDWOOD  COMPONENT  OF 
MATURE  LOBLOLLY  PINE  FORESTS  IN  NORTH  LOUISIANA^/ 


B.  Graeme  Lockaby  and  John  C.  Adams- 


2/ 


Abstract.   Dry  weight  and  nutrient  content  of 
understory  hardwoods  were  estimated  in  mature  loblolly  pine 
stands  in  north  central  Louisiana.   Total  understory  dry 
weight  was  23.8  t/acre  with  4,  19,  and  77%  of  this  material 
distributed  among  the  foliage,  branches,  and  stems 
respectively.   N,  P,  K,  Ca,  and  Mg  contents  of  104.6,  9.1, 
60.7,  158.8,  and  27.1  lb/acre  were  contained  in  the  under- 
story hardwoods.   In  relation  to  the  small  amount  of  crown 
(foliage  and  branches)  biomass,  large  proportions  of  all 
nutrients  were  contained  in  the  crowns.   These  results  are 
discussed  in  terms  of  the  relatively  large  nutrient  removal 
that  would  occur  for  the  small  gain  in  low  quality  biomass 
obtained  by  harvesting  the  crowns. 


INTRODUCTION 

The  increasing  cost  of  traditional  sources 
energy  over  the  last  decade  has  forced  many 
icjsumers  to  adapt  to  new  energy  sources  and 
;efinologies .   Many  forest  industries  have 
icpted  the  application  of  a  new  technology  to 
ir,bld  energy  source — wood. 

I  In  certain  areas  of  the  United  States 
xisst  industries  rely  to  varying  degrees  on 
:h|  utilization  of  non-commercial  timber  for 
v\..      This  fuelwood  often  consists  of  trees  of 
in&sirable  species  and  poor  form  and/or 
:ei[.dues  left  from  the  logging  of  commercial 
ipties.   Hardwood  understories  in  southern  pine 
itjids  often  fall  into  the  former  category. 


There  are  several  advantages  associated 

the  removal  of  these  understory  hare-woods  in 
southern  U.S.   First,  considerable  biomass 

therefore,  considerable  energy)  often  is 
d  in  this  strata  (Anonymous,  1983,  Ku  and 
r,  1980) .   Second,  the  removal  of  these  trees 
facilitate  marking  and  harvesting  operations 
lOmmercial  species  (Cochran,  1984).   And, 
d,  the  removal  of  this  material  can  reduce 

preparation  activities  (McMinn,  1983). 


1  Paper  presented  at  Third  Biennial 
cultural  Research  Conference,  Atlanta,  GA, 
ber  7-8,  1984. 
j2/ 
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'elively  Assist.  &  Assoc.  Professor  at  the  School 
restry,  LA  Tech  Univ.,  Ruston,  LA  71272. 


However,  in  comparison  with  the  major 
commercial  species,  less  research  attention  has 
been  devoted  to  nutrient  and  biomass  accumulation 
in  the  understory.   Knowledge  of  nutrient 
accumulation  is  necessary  for  the  proper 
assessment  of  nutrient  drain  in  relation  to  soil 
fertility.   Information  regarding  biomass  is 
essential  to  determine  the  feasibility  of 
harvesting  this  material. 

The  objectives  of  this  study,  there- 
fore, were  to  provide  information  on  both 
nutrition  and  biomass  of  the  hardwood  under- 
stories of  mature  loblolly  pine  (Pinus  taeda) 
stands  on  sites  of  average  quality  in  North 
Louisiana. 


METHODS 

Three  study  areas  in  north  Louisiana 
were  selected  and  sam.pled  to  estimate  the 
biomass  and  nutrient  content  of  the  understory. 
These  areas  were  located  within  the  Hilly  Coastal 
Plain  physiographic  province  (Evans  et  al.  1983) 
in  Jackson,  Lincoln,  and  Webster  Parishes  and 
were  selected  as  average  quality  north  Louisiana 
loblolly  pine  sites  40-50  years  old.   The 
Jackson  Parish  site  had  been  under  low  intensity 
forest  management  while  the  other  two  sites 
had  received  no  formal  forest  management.   There 
was  no  indication  that  fire  had  been  used  for 
understory  control  on  any  of  the  study  areas. 

The  soils  of  the  study  areas  were  the 
Keithville  (Glossaquic  Paleudalf),  Bowie (Fragic 
Paleudult),  Lucy  (Arenic  Paleudult) ,  and 
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Frizzel  series  (Glossaquic  Hapludalf).   Site  index 
for  loblolly  pine  at  50  years  was  approximately 
80-90  on  all  sites. 

At  each  study  area  12  plots  of  approxi- 
mately 10  foot  radius  were  systematically 
established  for  a  total  of  36  plots.   Plot  centers 
were  2  chains  apart  so  that  approximately  8.5 
acres  were  sampled  at  each  area. 

All  2-10  inch  DBH  understory  hardwoods 
were  cut  and  separated  into  3  components:   foliage, 
stems,  and  branches.   A  total  of  170  stems  re- 
presenting 17  species  were  sampled  over  the  three 
study  areas. 

Green  weights  of  each  component  for 
individual  trees  were  obtained  in  the  field. 
Component  materials  were  composited  by  species 
and  two  samples  were  taken  for  each  species 
component  from  every  plot.   One  composite  sample 
from  each  species  component  was  used  for  moisture 
determinations  at  70°C.   The  remaining  sample  was 
dried  at  the  same  temperature,  ground  to  pass  a 
10  mm  mesh  sieve,  and  analyzed  for  N,  P,  K,  Ca, 
and  Mg*.  Nitrogen  was  determined  using  semi-micro 
Kjeldahl,  P  was  analyzed  colorimetrically ,  and 
K,  Ca,  and  Mg  were  determined  by  atomic 
absorption  spectroscopy  from  ashed  samples  taken 
up  in  dilute  HCl . 


RESULTS  AND  DISCUSSION 


Biomass 


Approximately  4,  19,  and  77%  of  the 
hardwood  biomass  is  associated  with  the  folia 
branches,  and  stems  respectively.   These  per- 
centages are  similar  to  data  reported  elsewhe 
(Phillips  and  Van  Lear,  1984,  Johnson  and 
Riser,  1984).   The  relatively  high  (23%)  pro- 
portion of  crown  material  is  characteristic  c 
hardwoods  which  follow  a  deliquescent  patterr 
branching  according  to  Phillips  and  Van  Lear 
This  probably  reflects  a  modification  of  the 
branching  pattern  of  normally  excurrent  speci 
such  as  sweetgum  caused  by  the  adequate  growi 
space  but  less  than  optimum  light  conditions 
of  the  understory. 


The  total  above ground  biomass  of  the 
understory  hardwoods  is  nearly  24  t/acre  (Tat'Ll 
This  may  be  compared  to  the  12.8  t/acre  repoi  ;il 
by  Ku  and  Baker  (1980)  in  the  understories  olii 
mature  pine  stands  in  southern  Arkansas  and 
northern  Louisiana.   However,  these  authors   | 
sampled  only  hardwoods  <  5.5  inches  DBH  and,  .In 
fore,  their  values  would  be  expected  to  be  lo(r . 


Table  1.   Average  dry  weight  and  nutrient  content  of  understory  hardwoods  at 
three  locations  in  north  Louisiana  (standard  errors  in  parentheses), 


COMPONENT 

DRY  WEIGHT 
t/Acre 

N 

P 

K 

Ca 

Mg 

Foliage 

0.9 

21.0 

1.4 

9.6 

10.  H 

4.3 

(0.1) 

(4.3) 

(0.4) 

(1.9) 

(3.3) 

(0.9) 

Branches 

4.5 

31.1 

2.1 

16.7 

51.3 

6.2 

CO. 9) 

(8.2) 

(0.5) 

(3.3) 

(13.1) 

(1.4) 

Stems 

18.4 

52.5 

5.6 

34.4 

96.7 

16.6 

(3.2) 

(9.6) 

(1.3) 

(6.0) 

(19.5) 

(2.8) 

Total  above- 

ground 

23.8 

104.6 

9.1 

60.7 

158.8 

27.1 

(4.1) 

(23.0) 

(1.9) 

(13.5) 

(38.1) 

(6.0) 

Analyzed  by  the  Northeast  University 
Soil  and  Plant  Testing  Laboratory. 
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Vlso,  Phillips  and  Van  Lear  (1984)  have  observed 
;hat  approximately  12  t/acre  is  a  typical 
imount  of  biomass  for  1-5  inch  DBH  understory  trees 
.n  hardwood  stands. 

Francis  (1984),  working  in  an  11  year 
)ld  bottomland  hardwood  stand  in  the  Southern 
tLssissippi  Floodplain,  estimated  stand  dry 
;eight  at  18.8  t/are.   It  is  noteworthy  that 
;he  biomass  of  the  understories  of  mature  pine 
jtands  exceeds  that  of  Francis's  study. 

Although  17  species  of  deciduous  trees 
;ere  encountered  on  sampling  plots,  nearly  3/4 
)f  the  understory  biomass  was  attributable  to 
t  species  (Table  2) .   Frequency  of  occurrence 
;)f  these  species  was  not  directly  correlated  with 
r.he  amount  of  biomass  associated  with  each 
ipecies.   Red  maple  and  southern  red  oak  rank  2 
nd  3  respectively  in  terms  of  biomass  but  rank 
l  and  4  respectively  in  frequency.   Blackgum, 
ihile  ranking  second  in  frequency,  had  less 
iomass  than  any  of  the  other  3  species.   This 
robably  indicates  numerous  small  stems  in  the 
ases  of  species  ranking  high  in  frequency  but 
ow  in  total  biomass. 


Nutrients 

The  hardwood  understory  contained 
approximately  105,  9,  61,  158,  and  28  lb/acre  of 
N,  P,  K,  Ca,  and  Mg  respectively  (Table  1).   A 
ranking  of  these  quantities  results  in  the 
following:   Ca>N>K>Mg>P.   This  order  is 
identical  to  that  of  Ku  and  Baker  (1980)  and  very 
similar  to  that  of  Rochow  (1975). 

The  amounts  of  nutrients  presented  in 
Table  1  may  be  compared  with  the  data  of  Ku  and 
Baker  (1980).   These  authors  report  that  71. 3, 
8.7,  50.8,  109.6,  and  11.7  lb/acre  of  the 
respective  elements  were  contained  in  the  1-5"  DBH 
hardwood  understories  of  their  study. 

As  would  be  expected,  quantities  of 
nutrients  contained  in  hardwood  biomass  vary  a 
great  deal  depending  on  such  factors  as  the  species 
involved  and  inherent  soil  fertility.   This  is 
evidenced  by  the  nutrient  content  data  of  Francis 
(1984)  which  are  higher  than  that  of  the  present 
study  for  all  5  elements  except  Mg.   Francis 
estimated  that  176,  22,  115,  240,  and  23  lb/acre  of 
N,  P,  K,  Ca,  and  Mg  were  contained  in  25%  less 
biomass  than  the  23.8  t/acre  of  the  present  study. 


Table  2.   Average  dry  weight  and  nutrient  content  of  four  most  common  understory 
hardwood  species  at  three  locations  in  north  Louisiana  (standard  errors 
in  parentheses). 


FREQUENCY  OF 
OCCURRENCE 


SPECIES 


DRY 
WEIGHT 

t/acre 


K       Ca 
lb/acre  


Mg 


Liquldambar 

styraciflua 

(Sweet gum) 

10 
(2 

4 
5) 

Nyssa  sylvatica 
(Blackgum) 

1 
(0 

3 

4) 

Acer  rubrum 
(Red  Maple) 

3 
(2 

9 
.0) 

Quercus 
falcata 
;s.  red  oak) 

1 
(0 

5 
8) 

38.6 
(10.1) 


7.4 
(1.9) 

24.4 
(12.4) 


19.9 
(14.9) 


3.7    28.7     62.0   16.6 
(1.3)    (9.1)    (14.1)   (5.4) 


0.7 
(0.4) 


0.3 
(0.0) 


3.8 

(1.2) 


5.9    2.2 
(5.8)   (0.8) 


1.9    12.2     18.8    4.7 
(1.0)    (5.9)    (11.6)   (2.4) 


5.8 
(3.0) 


11.5    1.0 
(6.8)   (0.5) 
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This  is  probably  due  to  species  differences 
between  the  two  studies  as  well  as  the  generally 
high  fertility  of  the  Mississippi  alluvium  of 
Francis's  study  area. 

Component  element  content  decreases  in 
the  order  stem  >  branches  >  foliage  for  all  5 
elements  (Table  1) .   This  ranking  is  caused  by 
the  biomass  differences  between  these  components 
(i.e.  biomass  also  decreases  in  the  order  stem 
>  branches  >  foliage) .   The  order  of  component 
element  content  is  identical  to  that  of 
Johnson  et  al ,  (1982)  for  N,  P,  and  Ca.   Johnson 
did  not  report  data  for  Mg  and  the  order  of  ranking 
for  K  was  slightly  different. 

As  is  generally  the  case,  the  majority  of 
all  5  elements  is  to  be  found  in  the  stem  when 
compared  to  the  crown  (Table  3) .   N  is  somewhat 
of  an  exception  since  its  content  appears  to 
be  evenly  split  between  the  crown  and  stem. 


Table  3.   Percentage  of  biomass  and  5  elements 
contained  in  crowns  (foliage  and 
branches)  vs.  stems  for  understory 
hardwoods . 


It  may  be  observed  that  the  ranking  of 
the  quantities  of  elements  differs  among  these 
species  (Table  2) .   However,  relatively  large 
standard  errors  of  the  mean  for  certain  values 
(e.g.  Ca  for  blackgum)  limit  any  conclusions 
that  may  be  drawn  from  these  differences. 


CONCLUSIONS 

It  is  apparent  that  a  considerable  quanti:i 
of  understory  hardwood  biomass  may  be  found  in 
mature  southern  pine  stands  in  northern 
Louisiana.   This  is  especially  true  if,  like 
many  pine  stands  that  are  not  managed  as 
intensively  as  would  be  ideal,  the  stand  has  h<! 
little  use  of  fire. 

Associated  with  this  biomass  are 
quantities  of  nutrients  that  may  or  may  not  be 
significant  in  terms  of  future  site  productivii 
The  gain  in  biomass  obtained  from  harvesting 
the  branches  and  foliage  of  this  material  is 
offset  by  the  large  increase  in  nutrient  losses 
that  will  occur  if  the  crowns  are  removed. 


LITERATURE  CITED 


Component 

Biomass 

N 

P 

—  °/ 

K 

Ca 

Mg 

Crown 

23 

50 

33 

44 

39 

39 

Stem 

77 

50 

67 

56 

61 

61 

The  proportions  of  all  5  elements  in  the 
crown  material  are  higher  than  the  crown  pro- 
portion of  biomass  (Table  3).   In  contrast  stem 
percentages  of  every  element  are  lower  than  the 
stem  percentage  of  biomass.   This  indicates  that 
for  a  relatively  small  increase  in  biomass 
gained  by  harvesting  the  crowns,  large  increases 
would  occur  in  amounts  of  nutrients  removed  in 
the  harvest.   Also,  as  pointed  out  by  Phillips 
and  Van  Lear  (1984),  this  crown  material  is 
lower  in  quality  than  stem  material  due  to  higher 
proportions  of  moisture,  bark,  and  juvenile  wood 
in  the  former .   The  result  is  an  even  smaller 
gain  in  useable  material  whether  the  intended  use 
is  paper  manufacturing  or  energy  production. 

Table  2  also  provides  the  nutrient  contents 
of  the  4  dominant  species.   As  would  be  expected, 
sweetgum,  the  dominant  species  in  terms  of 
biomass,  contains  the  largest  element  content. 
Thirty-seven,  44,  47,  39,  and  60%  of  the  N,  P, 
K,  Ca,  and  Mg  respectively  in  the  understory  are 
contained  in  this  species  alone. 
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A  METHOD  FOR  GROUPING  SPECIES-FOREST  TYPE  COMBINATIONS 
FOR  THE  DEVELOPMENT  OF  GROWTH  MODELS  FOR  MIXED  SPECIES  STANDS  1/,?/ 
R.S.  Meldahl,  M.  Eriksson,  and  C.E.  Thomas?/ 


Abstract.  —  A  method  of  empirically  grouping  species 
within  forest  types  is  presented.  Forest  Service  survey 
data  were  to  be  used  to  develop  growth  models  for  Alabama. 
This  required  the  grouping  of  the  data  to  obtain  a 
sufficient  number  of  observations  by  subgroup  (e.g.,  by 
species  within  a  forest  type).  Cluster  analysis  was 
performed  on  the  coefficients  of  a  periodic  diameter 
growth  regression  equation.  Selection  of  the  independent 
variable(s)  included  in  the  regression  was  based  largely 
on  the  standard  errors  of  the  regression  coefficients  and 
on  the  reasonableness  of  the  resulting  groups. 


INTRODUCTION 

Recent  survey  results  from  both  Georgia  and 
Alabama  suggest  that  growth  and  removals  from 
growing  stock  have  moved  precariously  toward 
equality.   In  some  areas  removals  are  already 
greater  than  growth.  Since  approximately  70$  of 
the  forest  land  is  in  natural  stands  predominated 
by  mixed  species,  it  is  necessary  to  analyze  and 
evaluate  potential  yields  of  these  stands. 
Growth  and  yield  estimates  are  currently 
available  corresponding  to  remeasurement  cycles, 
approximately  10  years,  but  interim  estimates  and 
projections  would  be  of  value  for  many  purposes. 
In  order  to  accomplish  this  task,  it  is  necessary 
to  reduce  the  complexity  of  the  data  that  are 
representative  of  these  stands. 

Forest  Service  survey  data  provide  an 
opportunity  to  evaluate  a  variety  of  statistical 
techniques  to  reduce  the  complexity  of  forest 
type-species  interactions  as  well  as  a  variety  of 
other  methodologies  which  can  describe  and 
project  the  growth  and  yield  of  the  existing 
Southern  forests.  Survey  data  include  tree 
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variables  such  as  DBH,  height,  and  crown  cla  , 
and  stand  variables  such  as  forest  type,  sit 
class,  and  topography.  For  a  more  detailed 
explanantion,  refer  to  Renewable  Resources 
Inventory  Work  Plan  (Quick,  198O). 

Cluster  analysis  provides  a  means  of 
subsetting  data  into  homogeneous  groups.  As 
described  by  Turner  (1974),  the  basic  premis  1 
to  group  objects  that  are  in  some  sense  simi  i 
so  as  to  minimize  the  variance  within  a  clus  ( 
and  maximize  variances  (or  distances)  betwee 
clusters.  Simply  stated,  one  needs  to  ident  l 
the  attribute(s)  which  are  important  and 
determine  the  number  of  groupings  which  are 
desired  prior  to  invoking  a  clustering  proce i ■ 
The  resulting  clusters  should  provide  a 
reasonable  basis  for  the  evaluation  of  a  muc 
less  complex  system  but  still  remain  relevan  ' 
the  overall  system.   Using  this  method,  one  : 
able  to  reduce  the  complexity  but  hopefully  < 
lose  those  elements  that  do  contribute  to 
different  growth  and  development  patterns. 


METHODS  AND  PROCEDURES 

The  data  used  for  this  study  were  the  \\ 
Forest  Service  survey  data  for  Alabama.  The  C|» 
cover  the  entire  state  and  consists  of  numer  l 
tree  and  stand  characteristics.  One  of  the 
categorical  variables  that  is  collected  is  f  t|' 
type.  Each  location  is  classified  on  the  ba  i|  • 
of  species  plurality  with  the  local  cover  tyi  sj  ; 
indicated  by  the  key  species  with  the  greate:  tl 
stocking  or  those  species  that  provide  a 
plurality  of  the  stocking.  (An  abbreviated  1  s, 
of  forest  types  is  given  below.)  It  was  assuJj  | 
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.t]this  stand  level  variable  captured  many 
ributes  that  may  have  an  influence  on  tree 
vh  or  stand  development  pattens.  After 
tng,  12220  survivor  growth  trees  which  made 
£total  of  8^   different  species  and  33 
Irent  forest  types  were  available  for 
€ing  purposes. 


Species  or  species  group 

White  pine 

White  pine-hemlock 

Hemlock 


Spruce- fir 

Longleaf  pine 
Slash  pine 

Loblolly  pine 
Shortleaf  pine 
Virginia  pine 
Sand  pine 
Eastern  redcedar 
Pond  pine 
Spruce  pine 
Pitch  pine 
Table-Mountain  pine 

White  pine-northern  red 

oak- white  ash 
Eastern  redcedar-hardwood 
Longleaf  pine-scrub  oak 
Shortleaf  pine-oak 
Virginia  pine-southern  red 

oak 
Loblolly  pine-hardwood 
Slash  pine-hardwood 
Other  oak-pine 

Oak-hickory  types 

Oak-gum-cypress  types 

Elm-ash-Gottonwood  types 

Sugar  maple-beech-birch 

Nonstocked 

he  possibility  of  differential  growth 
lose  for  each  species  type  combination  was 
'  3sumed,  That  is  to  say  that  a  loblolly 
i  rowing  in  a  loblolly  pine  forest  type  may 
f  JLfferently  than  a  loblolly  pine  of  the  same 
I  ifi  an  oak-gum-cypress  forest  type  with 
l|f  stand  attributes.  Thus,  separate  models 
e^h  of  the  species-forest  type  combinations 
daaximize  predictability.  However,  it  was 
h'  desired  nor  possible  to  develop  separate 
t)ns  for  all  of  the  combinations  for  two 
o'j.  First  of  all,  applications  involving 
2f2   (84*33)  equations  would  be  unwieldy,  and 
n  because  many  of  the  cells  are  either  empty 
P'sely  occupied. 


Consequently,  some  grouping  of  species  and  forest 
types  was  necessary.   This  grouping  was 
accomplished  in  two  steps. 

The  first  step  involved  reducing  the  number 
of  forest  types  by  species.   This  was  a  rather 
arbitrary  methodology,  the  two  primary  criteria 
being  (i)  sample  sizes  for  each  mapped  forest 
type  (within  species)  should,  in  general,  be  at 
least  30,  and  (ii)  a  mapped  forest  type  should  be 
comprised  of  types  which  are  similar  based  on 
expected  growth  response.   The  reduction  was 
accomplished  by  first  determining,  for  each 
species,  those  forest  types  which  could  stand 
alone  as  a  group;  that  is,  which  types  had  a 
sufficient  number  of  trees  to  allow  the  modeling 
of  that  cell  separately.   Then,  to  the  extent 
possible  (depending  on  sample  sizes),  the  pine 
types  (20<type<10)  were  grouped  together,  the 
oak-pine  types  (i|0<type<50)  were  grouped 
together,  the  oak-hickory  types  (50<type<60)  were 
grouped  together  and  the  oak-gum-cypress  types 
were  grouped  together.   When  these  groups  were 
not  possible  (due  to  the  sample  sizes) ,  the  next 
choice  was  to  collapse  the  oak-pine  and  the 
oak-hickory  types  into  a  single  mapped  type. 
Examples  of  this  mapping  procedure  are  given  in 
Table  1 .   At  times  it  was  necessary  to  form 
groups  across  many  (or  all)  forest  types.  This 
mapping  collapsed  the  original  81  by  33  matrix 
into  115  cells. 

The  second  step  in  reducing  the  number  of 
species-forest  type  combinations  was  to  apply  a 
clustering  procedure  to  the  coefficients  of 
diameter  growth  regression  equations.  The 
premise  here  is  that  any  given  species-type  group 
(from  here  on  referred  to  as  a  cluster)  should 
reflect  stand  dynamics.  That  is,  a  cluster 
should  include  species-type  combinations  which 
respond  to  internal  (tree)  and  external  (plot) 
changes  in  a  similar  way.  Possible  alternatives 
to  statistical  clustering  would  be  to  group 
together  (i)  the  fastest  growers,  (ii)  the 
slowest  growers  and  (iii)  some  classes  in 
between,  or  to  group  according  to  some  other 
classification,  e.g.  hard  hardwoods,  soft 
hardwoods,  etc.  However,  neither  of  these 
alternatives  considers  the  dynamics  of  growth. 

Cluster  analysis  is  a  multivariate 
methodology  which  forms  groups  of  similar 
elements  based  on  some  distance  measure. 
Elements  which  are  close  together  are,  in  some 
sense  (i.e.,  based  on  the  distance  measure)  more 
similar  and,  hence,  more  likely  to  belong  to  the 
same  group  than  elements  which  are  further  apart. 

In  an  ideal  situation  where  growth  was  a 
known  function  of  some  set  of  plot  and  tree 
variables,  species-type  combinations  with  similar 
coefficients  would  be  expected  to  respond  to 
environmental  factors  similarly.   Groups  of 
similar  coefficients  (and  therefore,  similar 
growth  response)  could  be  found  by  applying  a 
clustering  algorithm.  Suppose,  for  example,  it 
were  known  that  growth  is  exactly  represented 
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Table  1 . — Selected  examples  of  mapped  forest  type  definitions. 


Species 

Species 
Code 

Forest  Tvoe 

Mapped 
Forest  Tvoe 

Slash  pine 

111 

03-39 
40-59 
60-99 

1 
2 
3 

Spruce  pine 

115 

All 

1 

Longleaf  pine 

121 

21 

43 
03-391/ 
40-99 

21 

43 

1 

2 

Loblolly  pine 

131 

31|/ 

313/ 

32 

46 
03-39 
40-49 
50-59 
60-99 

31 
0 
32 
46 
1 
2 
3 
4 

Hickories 

400 

53 
03-39 
40-49 
50-59 
60-99 

53 
1 
2 
3 
4 

Sweetgum 

611 

46 

53 

62 

03-39 

40-59 

60-99 

46 

53 

62 

1 

2 

3 

Chinkapin  oak 

826 

All 

1 

White  oak 

802 

46 
53 
03-39 
40-49 
50-59 
60-99 

46 
53 
1 
2 
3 
4 

Other  commerical 



All 

1 

Noncommercial 

03-39 
40-49 
50-59 
60-99 

1 
2 
3 
4 

U   When  forest  type  includes  a  single  enumerated  forest  type, 
that  type  is  excluded  from  other  goupings,  e.g.,  forest 
type  21  is  not  included  in  mapped  forest  type  1  for 
longleaf  pine. 

?J   Loblolly  pines  occurring  in  non-plantation  stands  in  the 
loblolly  pine  forest  type. 

-3/  Loblolly  pines  occurring  in  plantations  in  the  loblolly 
pine  forest  type. 


424 


a  function  with  coefficients  a  and  b. 
bpose  further  that  two  groups  are  to  be  formed 
im  four  species  with  coefficients: 
Species        a         b. 


1 

0.1 

0.1 

2 

0.2 

0.1 

3 

1.0 

1.0 

k 

1.1 

1.2 

larly,  species  1  and  2  would  form  one  group 
tie  species  3  and  4  would  form  another.  This 
rnciple  is  easily  extended  to  more  than  two 
efficients. 

The  above  reasoning  motivated  the  use  of 
Ister  analysis  for  forming  groups  of  similar 
pcies-type  combinations.  However,  two  problems 
rse  which  were  not  present  in  the  above 
xnple.  First,  the  form  of  the  "true"  growth 
d;1  is  unknown  and  probably  differs  for 
Iferent  species  and  types.  Second,  when  a 
DSl  is  assumed  and  the  coefficients  are 
sLmated,  there  is  error  associated  with  the 
sLmates,  When  the  errors  are  large  relative  to 
ti:  values  being  estimated,  poor  groupings  may 
ejilt. 

]  For  grouping  the  115  (mapped)  species- forest 
yJ!S  found  in  Alabama,  linear  models  were 
aimed.  It  was  found  that  when  more  than  one 
Dupendent  variable  was  included  in  the  models 
h  errors  associated  with  the  resulting 
3"ficients  were,  in  general  (i.e.,  when  115 
O'ds  were  examined),  too  large  for  much  faith 
o>e   put  into  the  resulting  cluster  groups, 
li'efore,  effort  was  restricted  to  simple  linear 
ails  of  the  form: 

PER.D  =  BO  +  B1»X  +  e 

where  PER.D  =  periodic  diameter  increment, 
X     =  independent  variable, 
BO  and  B1  are  regression  coefficients, 
and  e  is  an  error  term. 

irfle  correlations  between  PER.D  and  a  large 
luer  of  X  variables  were  examined.   These 
arables  included  tree  variables,  such  as  DBH, 
e:ht,  crown  ratio,  and  height'DBH,  plot 
arables,  such  as  average  DBH,  trees  per  acre, 
ncibasal  area,  and  plot- tree  interactions,  such 
3  asal  area'DBH  and  trees  per  acre»DBH.  Based 
a''9ly  on  these  correlations,  the  above 
BgBssion  was  fitted  for  22  different 
peLfications  of  the  variable  X. 

"The  stability  of  the  resulting  coefficients 
t-;atistics)  was  examined  for  each 
pelflcation  of  the  variable  X.  Clustering  was 
erjrmed  using  some  of  the  more  promising 
aribles.  The  final  choice  among  these 
aribles  was  primarily  based  on  two  factors. 
if.,   the  intuitive  appeal  of  the  resulting 


groupings  was  assessed.   Second,  for  each  of 
these  more  promising  choices  of  X  and  for  each  of 
the  resulting  clusters,  a  larger,  multiparameter, 
linear  function  was  fitted  and  the  total  (across 
clusters)  residual  sums  of  squares  evaluated  on 
the  assumption  that  a  better  clustering  would 
result  in  better  fits  by  cluster  and  hence  a 
smaller  residual  sums  of  squares. 


At  this  stage  the 
regressions  were  for  X 
defined  as  the  sum  of 
trees  larger  than  the 
significant  in  69$  of 
10$  level)  and  for  X 
a  tree  based  variable 
115  regressions  at  the 
decided  that  the  final 
would  be  based  on  the 
regression. 


two  most  promising 

=  BA.BGR  (a  plot  variable, 
the  basal  areas  of  all 
current  tree,  which  was 
the  115  regressions  at  the 

NEW.C.R.  (New  Crown  Ratio 
significant  in  66$  of  the 

10$  level).  It  was 

species- type  groupings 
coefficients  of  the 


PER.D  =  BO  +  B1 "BA.BGR  +  e. 

The  final  choice  was  partly  based  on  good  results 
obtained  with  this  variable  in  earlier  modeling 
attempts. 

The  SAS  (Statistical  Analysis  System,  SAS 
Institute,  1982)  procedure  FASTCLUS  was  used  as 
the  clustering  algorithm  with  the  input 
regression  coefficients  standardized  to  mean  0 
and  standard  deviation  1  prior  to  clustering.  In 
applying  this  procedure  the  user  has  control  over 
a  number  of  options  and  parameters.   The  two  most 
noteable  being  MAXCLUSTERS  and  WEIGHT.   The 
MAXCLUSTERS  option  controls  the  number  of 
clusters  to  be  formed  and  must  be  specified.  In 
the  above  example,  the  value  of  MAXCLUSTERS  would 
be  2.  For  the  purposes  of  this  project,  it  was 
decided  that  about  20  would  be  largest  workable 
number  of  clusters.  This  does  represent  a  trade 
off  between  the  ability  to  differentiate  between 
variables  and  have  tightly  grouped  clusters  and 
having  a  reasonable  number  of  clusters  to 
implement  in  other  applications. 

When  a  WEIGHT  is  specified,  weighted  cluster 
means  and  variances  are  computed.  This  allows 
the  user  to  increase  the  importance  of  those 
observations  in  which  he  has  the  most  confidence. 
As  noted  above,  many  of  the  regression 
coefficients  were  not  significant  at  the  10$ 
level.   Thus,  some  type  of  weighting  scheme, 
which  recognized  different  significance  levels, 
was  desirable.   After  considering  several 
alternatives,  WEIGHT  was  set  to  a  variable  called 
FREQ: 


where  FREQ 


1/( significance  level  of  B1 )  if 
sig.  level  2  0.001 


1000  otherwise. 
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For  the  clustering  attempts  described  above, 
sets  of  lloV  regression  coefficients  were 
grouped  into  20  clusters,  but  after  the  final 
clustering  variable,  BA.BGR,  was  chosen, 
MAXCLUSTERS  was  set  to  15.   Selected  examples  of 
the  group  membership  for  the  first  15  clusters  is 
given  in  Table  2. 

Total  numbers  of  survivor  growth  trees 
falling  into  each  of  these  clusters  ranged  from 
33  to  2383.  To  provide  a  more  even  distribution 
of  sample  sizes  across  clusters,  the  most  extreme 
clusters  were  removed  and  the  clustering 
procedure  reapplied,  again  with  MAXCLUSTERS  =15. 
Sample  sizes  were  still  rather  variable,  so  some 
regrouping  was  done  "by  hand"  to  even  out  sample 
sizes  and  the  number  of  clusters  was  increased  to 
20.  Examples  of  the  final  cluster  membership  is 
shown  in  Table  3. 
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CONCLUSIONS 

While  the  above  methodology  provided 
groupings  of  similar  elements,  it  did  not  provide 
a  unique  solution  to  the  problem.   However,  it 
did  allow  the  user  to  adjust  clusters  and  to 
impose  his  knowledge  or  beliefs  on  the 
development  of  the  final  clusters.  This  should 
not  be  considered  as  a  final  solution,  but  as  a 
starting  point  for  work  with  larger  regression 
models  and  further  analyses. 


z/Loblolly  pine  on  loblolly  pine  sites  had  a 
sufficient  number  of  samples  and  was  important 
enough  to  justify  a  separate  cluster. 
Baldcy press,  non-commercial  species  groups,  and 
species  grouped  together  due  to  very  small  sample 
sizes  were  also  removed  prior  to  using  the 
clustering  procedure.  Together  these  account  for 
five  mapped  forest  types  (cells)  and  left  a  total 
of  110  cells  or  mapped  types  for  further 
grouping. 
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Table  2. — Selected  examples  of  group  membership  for  first  fifteen  BA.BGR  clusters. 


Cluster 


Mapped    No.         Coefficients!/ 
Type     Obs.         BO        B1 


Prob.2/ 
31 


FREQ3/ 


Cluster  =  1 


Am.  holly 
Chinkapin 
Hickory 
Slash  pine 
Swamp  tupelo 
Water  tupelo 


23 
72 
124 
27 
31 
39 


-2.2543 
-1.4144 
-1.2451 
-1.4862 
-1.3580 
-1.3364 


1.7775 
1.3641 
1.2454 
1  .8855 
1.6396 
1 .2341 


0.0291 
0.8408 
0.9964 
0.5159 
0,5138 
0.9625 


34.39 
1.19 
1  .00 
1  .94 
1.95 
1.04 


Cluster 


Scarlet  oak 
Scarlet  oak 


1 

53 


42 
94 


0.0646 
0.2837 


2.2596 

1.4628 


0.4281 
0.7358 


2.34 
1.36 


Cluster 


River  birch 
Virginia  pine 


41 
33 


0.6790 
0.5198 


.4699 
.0609 


0.0376 
0.0001 


26.61 
1000.00 


Cluster 


Chestnut  oak 
Chestnut  oak 
Hackberry 
Slippery  elm 
White  ash 


29 
69 
65 
11 
58 


-0.0614 
-0.3488 
-0.5905 
■0.9703 
-0.7384 


1.3882 
1.1284 
1  .6221 
1.8123 
1  .2716 


0.9210 
0.8240 
0.6732 
0.5437 
0.9642 


1.09 
1.21 
1.49 
1.84 
1.04 


Cluster  =  6 


Loblolly  pine 
Yellow- poplar 
Yellow- poplar 
Yellow- poplar 


2 

1 

2 

53 


51 
37 
62 
96 


0.7324 
1.0982 
0.8672 
1.0357 


0.6532 
0.4125 
1.1325 
0.4514 


0.5811 
0.3950 
0.9244 
0.1411 


1.72 
2.53 
1.08 
7.09 


Cluster  =  8 


Shortleaf  pine     2      51 
Slash  pine         2       79 


0.5888   -2.2970       0.0000      1000.00 
0.2773   -2.0173       0.0037       271.21 


Cluster  =  10 


Loblolly  pine  0  208 

Swamp  chestnut  oak  1  33 

Shumard  oak  1  28 

Spruce  pine  1  88 


Cherry bark  oak  1  68 

Laurel  oak  2  56 

Loblolly  pine  32  71 

Loblolly  pine  46  414 

Water  oak  62  112 


1.4167 
1.7475 
1.8313 
1.9876 


-1.9646 
-2.0992 
-1.8456 
-2.0401 


Cluster  =  14 


1.9259 
1.4384 
1 .4297 
1.3129 
1.8573 


-1.0428 
-0.7023 
-1.3968 
-1.0929 
-0.9785 


0.0000 
0.0009 
0.1021 
0.0001 


0.0150 
0.0082 
0.0024 
0.0000 
0.0031 


l/Regression  coefficients  from  the  model  PER.D  =  BO  +  B1 •BA.BGR. 
■2/ Significance  level  of  the  B1  coefficient. 
y  fl/( significance  level  of  B1 )  if  sig.  level  2  0.001 

FREQ=  X 

llOOO  otherwise. 


1000.00 

1000.00 

9.79 

1000.00 


66.51 

121.92 

417.83 

1000.00 

319.54 
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Table  3. — Selected  examples  of  group  membership  for  final  twenty  BA.BGR  clusters. 


Maped 

No. 

Coefficients!/ 

Prob.2/ 

Cluster 

Type 

Obs. 

BO 

B1 

31 

FREQi/ 





Cluster 

=  2 



Loblolly  pine 

31 

1271 

2.7153 
Cluster 

-0.0163 
=  3 

0.0000 

1000.00 

Hickory 

53 

542 

1.0284 
Cluster 

-0.0049 
=  6 

0.0000 

1000.00 

Shortleaf  pine 

3 

111 

1  .7181 

-0.0174 

0.0008 

1000.00 

Shortleaf  pine 

32 

333 

1.8507 

-0.0159 

0.0000 

1000.00 

Shortleaf  pine 

MH 

178 

1.6538 

-0.0145 

0.0000 

1000.00 

White  oak 

3 

52 

1.9786 

-0.0152 

0.0005 

1000.00 

White  oak 

k 

18 

2.0156 

-0.0147 

0.2132 

4.69 

White  oak 

46 

53 

2.1390 

Cluster 

2.4093 

-0.0149 
-  7  ____-. 

0.0001 

1000.00 

River  birch 

1 

41 

-0.0190 

0.0376 

26.61 

Shortleaf  pine 

2 

51 

2.3399 

-0.0248 

0.0000 

1000.00 

Slash  pine 

2 

79 

2.1004 

-0.0229 

0.0037 

271.21 

Virginia  pine 

1 

33 

2.2869 
Cluster 

2.4503 

-0.0162 
_  a 

0.0001 

1000.00 

Loblolly  pine 

2 

51 

-0.0042 

0.5811 

1.72 

Loblolly  pine 

4 

33 

2.9611 

0.0041 

0.6044 

1.65 

Yellow-poplar 

1 

37 

2.7316 

-0.0058 

0.3950 

2.53 

Yellow- poplar 

2 

62 

2.5538 

-0.0008 

0.9244 

1.08 

Yellow- poplar 

53 

96 

2.6835 

Cluster 

2.1521 

-0.0056 
-  12  -— — 

0.1411 

7.09 

Green  ash 

63 

85 

-0.0104 

0.0152 

65.74 

Laurel  oak 

1 

39 

2 . 1 1 85 

-0.0130 

0.0987 

10.13 

Laurel  oak 

53 

48 

2.3791 

-0.0092 

0.2039 

4.90 

N.  Red  oak 

1 

42 

2.3304 

-0.0125 

0.1047 

9.55 

S.  Red  oak 

1 

85 

2.1157 

-0.0130 

0.0027 

374.44 

Sycamore 

1 

35 

2.4448 

-0.0109 

0.2182 

4.58 

Water  oak 

2 

80 

2.5196 

-0.0106 

0.0672 

14.87 

Water  oak 

3 

153 

2.5061 
Cluster 

-0.0117 
=  20 

0.0032 

311.24 

Black  tupelo 

1 

43 

0.8781 

-0.0059 

0.0450 

22.24 

Black  tupelo 

2 

92 

0.8289 

-0.0031 

0.2171 

4.61 

Black  tupelo 

3 

59 

1.1759 

-0.0063 

0.0221 

45.23 

Black  tupelo 

53 

158 

0.8392 

-0.0041 

0.0010 

957.45 

Black  tupelo 

68 

115 

0.9127 

-0.0034 

0.0632 

15.81 

Swamp  tupelo 

68 

151 

1.0268 

-0.0037 

0.0009 

1000.00 

Water  tupelo 

67 

210 

0.9726 

-0.0011 

0.3873 

2.58 

1./ Regression  coefficients  from  the  model  PER.D  =  BO  +  B1*Ba.BGR. 
2/significance  level  of  the  B1  coefficient. 

3/       ri/( significance  level  of  Bl )  if  sig.  level  2  0.001 
FREQr^ 

1000  otherwise. 
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CROV™  RATIO  USED  AS  A  SURROGATE  FOR  FORM  x  ,.  VOLUME  EQUATION 
FOR  NATURAL  LONGLEAF  PINE  STEMS   1/ 

Robert  M.  Farrar,  Jr.   2/ 


Abstract.—  Including  an  expression  of  crown  ratio  as 
a  continuous  independent  variable  significantly  reduced  the 
variation  in  a  D-^H  stem-volume  equation  for  total  cubic 
feet,  inside  bark,  based  on  data  from  felled  natural 
longleaf  pines.  A  volume  difference  of  about  12  percent  is 
predicted  between  trees  with  30  percent  and  70  percent  crown 
ratio  but  with  the  same  D  and  H.  Methods,  analysis,  and 
results  are  discussed  along  with  examples  of  application  of 
the  equation. 


INTRODUCTION 

M  tl        ?         It 

The    "combined-variable      or      D^H      volume 
rltion  has  been   widely   accepted   as   a   model   for 
icting  the  volume  of  tree  stems.     The  usual 
is: 


V  =  bQ  +  b^ (D^H)        where 

V  =   tree   (or  stem   section)   volume 

D  =  tree  d.b.h.,    inches 

H  =  tree  height   (or  stem   section  length), 
feet 

Dq,    b^    =   parameters    to   be    estimated. 

equation  is  usually  fitted  via  weighted 
iit  squares  to  homogenize  the  variance  in 
jime  with  the  weight  commonly  being  1 /D  H. 
n\n,  the  r^  will  be  >  0.99,  which  suggests 
Lille  room  for  improvement.  However,  a  more 
sr'ral  form  of  equation  (1)  given  by  Spurr 
52)   is: 


U  Presented  at  the  Southern  Silvicultural 
s&arch  Conference,    Atlanta,    GA,    Nov.    7-8,    1984. 

2/  Principal  Mensurationist,  Forestry 
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(2)  V  =  bQ  +  bi(f)(D^H)   where 


f  =  an  expression  of  bole  form  (shape). 

In  fact,  equation  (l)  is  also  at  times  called  a 
"constant  form  factor"  equation  and  in  it  bi 
defines  the  constant  form.  But,  shouldn't  we 
consider  the  possibility  of  a  significant  effect 
of  form?  If  so,  what  should  the  form  expression 
be? 


BACKGROUND 


The  historic  measures  of  form  such  as  Girard 
form  class,  form  quotients,  and  form  point  are 
all  likely  candidates  but  have  a  common  fault: 
all  are  difficult  to  use  because  they  either 
require  measurement  of  an  upper-stem  diameter, 
either  inside  or  outside  bark,  or  determination 
of  the  height  to  the  estimated  crown  center  of 
gravity  (form  point).  Also,  Girard  form  class 
has  no  utility  for  trees  with  height  less  than 
about  17  feet.  Expensive  labor  and/or  dendro- 
meters  are  usually  required  to  measure  upper-stem 
diameters  and  ocular  estimation  of  crown  center 
of  gravity  seems  tacitly  undesirable. 

Is  there  some  surrogate  for  form?  An 
obvious  candidate  is  crown  ratio  or  the  live 
crown  length  expressed  as  a  percentage  of  total 
height.  Crown  ratio  percentage  is  used  by  silvi- 
culturists  as  an  index  of  the  growth  or  survival 
potential  of  a  tree  since  (l)  it  involves  a  major 
dimension  of  the  tree  crown  (crown  length),  (2) 
it  is  probably  well-correlated  with  crown  volume, 
and,  thereby,  (5)  it  represents  the  photosynthe- 
sizing  foliage.  In  general,  if  the  crown  ratio 
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is  50  percent  or  greater,  the  tree  is  considered 
capable  of  maximum  growth.  Crown  length  (or 
height  to  crown  base)  is  relatively  easy  and 
inexpensive  to  measure  along  with  total  height 
when  using  a  clinometer,  Abney  level,  transit, 
etc.    and   a   measuring    tape    or    rangefinder. 

Developing  stem-profile  functions  for 
discrete  crown-ratio  classes  has  been  useful  in 
predicting  tree  product-volumes  in  unthinned 
plantation  yield  studies  for  slash  pine  (Bennett 
et  _al^  1978,  Dell  _et  al.  1979)  and  loblolly  pine 
"(Teduccia  et  al.  1979)  and  for  planted  (Baldwin 
and  Polmer  1981)  and  natural  (Farrar  1984) 
longleaf  pines.  Generally,  lower  crown  ratio 
indicated  larger  stem  volume  for  given  D  and  H. 
Dell  (1979)  emphasizes  the  promise  of  crown  ratio 
in  improving  tree  and  stand  product-volume  esti- 
mates and  suggests  future  utility  in  providing 
information  on  biomass,  limb-related  quality 
considerations,  and  potential  for  certain  insect 
or  disease  conditions.  However,  Burton  (198O) 
did  not  find  a  significant  discriminating  effect 
of  crown  ratio  in  an  analysis  of  several  stem 
taper  models  for  planted  loblolly  pine,  although 
a  trend  in  the  coefficients  with  crown  ratio  was 
evident  for  some  models.  Also,  Lohrey  (1983) 
could  find  no  consistent  effect  of  crown  ratio  in 
an  analysis  of  tree  volumes  in  repeatedly  thinned 
planted  longleaf  pine  plots  when  it  was  included 
with  D  H  and   other   independent   variables. 

The  following  analysis  was  performed  on  a 
felled-tree  data  base  to  see  if  some  expression 
of  crown  ratio  could  be  used  as  a  continuous 
independent  variable  and  surrogate  for  form  in  a 
D  H   volume    equation. 


METHODS 


Data 

The  data  base  is  described  by  Farrar  (198I). 
Briefly,  it  consists  of  214  felled  natural 
longleaf  pines  measured  at  1-inch  taper  steps  for 
d.o.b.,  d.i.b.,  and  lengths  between  consecutive 
taper  steps  from  a  0.2-foot  stump  to  the  zero 
d.o.b.  at  the  tip  of  the  terminal  bud.  Addi- 
tionally, diameters,  o.b.  and  i.b.,  were  measured 
at  the  stump,  breast  height,  and  live  crown  base 
along  with  total  height  and  height  to  the  live 
crown  base.  This  measurement  procedure  was  used 
to  (1)  minimize  data  errors,  to  (2)  obtain  a  good 
description  of  the  shape  of  the  stem,  and  to  (3) 
facilitate  calculation  of  stem  cubic-foot  volumes 
to  integer  top  d.o.b.  limits.  Cubic-foot  volume, 
i.b.,  was  calculated  by  assuming  a  conic  section 
(frustrum)  between  taper  steps  and  a  conical  tip 
section.  Section  volumes  were  summed  to  obtain 
"observed"  total  cubic-foot  tree  volume,  i.b., 
above  the  0.2-foot  stump.  Crown  ratio  percentage 
was  calculated  as  [(total  height  -  height  to  live 
crown  base)/(total  height)](lOO).  Height  to  live 
crown  base  was  measured  from  the  groundline  to 
the  point  on  the  stem  where  the  ventral  side  of 
the    lowest    live    limb    in    the    main    crown    body 


joined    the    stem. 

These  trees  were  obtained  by  samplin^na 
rectangular  distribution  of  d.b.h.,  total  h  >  ht 
and  crown  ratio  percentage.  The  number  of  1  jipii 
trees  by  d.b.h.,  total  height,  and  crown  ttii 
classes  is  shown  in  Table  1.  As  illustra-«ii 
this  table,  it  was  difficult  to  find  the  coi  l'^?.l 
tion  of  short  trees  for  a  given  d.b.h.  and 
crown    ratio. 


Analysis 

The  "observed"   tree  volumes   were  usei 
conditioned   weighted   multiple    linear    regre  ;, 
analysis    (SAS    1979)    employing   the   full   mode!  : 

(3)     V  =  bQ  +  b^(lOO-CR)   +  b2(D%)   +  bj(lOO-CE)(]  ^ 

where  V   =    tree    total    cubic-foot   volume, 

above   a   0.2-foot    stump 

bQ   =   0.00535    (observed  V  of   a  lor : 

tree   with  D^H  =   0;  D   =   0   i; 

and    H    =    4.5    feet;  based    c 
sample    trees) 

CR  =   crown  ratio,    percent 

D  =   d.b.h. ,    inches 

H  =  total  height,  feet 

Weight  =  l/D^H. 

Note    that    the    variable    (IOO-CR)    assumes    the 
of   the   form   variable    (f)    in  equation   (2). 
particular    formulation    was   used    to   make   the 
variable   analogous    to   Girard   form    class   sine 
was    reasoned    that    a    low    crown    ratio    would  i 
good  form  and  larger  volume  for  a  given  D  a: 
Note    further    that    if    D^H    =    0,     equation 
implies    that    V    =    bg    +    b^(lOO-CR).       This   c 
present   the  anomaly  of  a  non-fixed  bg  if  CR  i 
100    when   D^H   =   0.       It    turns    out    that    for 
conditioned  bg  chosen  (where  D  =  0  and  H  =  '•■ 
such  young  longleaf  pines  will  generally  ha' 
crown  ratio   of  essentially  100  percent  and 
potential   problem    is    sidestepped. 


In  the  full-model  analysis,  b<  was  not  :j 
nificant  at  the  5  percent  probability  level  d 
reduced   model: 

(4)    V  =  l^  +  ^^(D^H)  +  bj(lOO-CR)(D^H)  was  fitted. 

In  equation  (4)  all  coefficients  were  sip 
ficant.  The  calculated  probability  of  obser i 
a  greater  absolute  "t"  ratio  due  to  chance  ' 
0.0001  for  each  one.  Plottings  of  residuals  o; 
and  D  H  did  not  reveal  any  particular  trends  U 
either  variable.  Adoption  of  model  (4)  impl  ■ 
that  we  accept  that  the  form  variable  does  1 
affect  the  regression  intercept  but  does  af  1 ' 
the  slope. 
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Table  1.   —     Number  of  sample   trees  by  d.b.h.,    total   height,    and 

crown  ratio  classes. 


D.b.h. 

Total 

Height   (ft 

.) 

(in.) 

4.6-15 

16-25 

26-35 

36-45 

46-55 

56-65 

66-75 

76-85 

86-95 

96-105 

< 

30^ 

Crovm  Ratio 

0.6  -  1.5 

3 

k 

1.6  -  2.5 

1 

2.6  -  3.5 

1 

3.6  -  4.5 

1 

4.6  -  5.5 

2 

3 

5.6  -  6.5 

1 

2 

1 

6.6  -  7.5 

2 

1 

7.6  -  8.5 

2 

1 

8.6  -  9.5 

1 

2 

2 

9.6  -10.5 

2 

10.6-11.5 

1 

11.6-12.5 

1 

1 

12.6-13.5 

1 

1 

13.6-14.5 

1 

2 

14.6-15.5 

1 

15.6-16.5 

16.6-17.5 

17.6-18.5 

18.6-19.5 

19.6-20.5 

20.6-21.5 

21.6-22.5 

Total  =  37 
4.6-15     16-25     26-35     36-45    46-55     56-65     66-75     76-85    86-95    96-105 
31-50^     Crown  Ratio 


0.6  -  1.5         4 

1.6  -  2.5  3  1 

2.6  -  3.5 

3.6  -  4.5  1 

4.6  -  5.5 

5.6  -  6.5 

6.6  -  7.5 

7.6  -  8.5 

8.6  -  9-5 

9.6  -10.5 

10.6-11.5 

11.6-12.5 

12.6-13.5 

13.6-14.5 

14.6-15.5 

15. 6-16. 5 

16. 6-17. 5 

17. 6-18. 5 

I8.6-I9.5 

19.6-20.5 

20.6-21.5 

21.6-22.5 


2 

1 

1 

2 

2 

1 

2 

1 

1 
2 

1 

3 

2 

4 

4 

1 

1 

1 

3 

1 

1 

1 

1 

1 
3 

2 

1 

1 

1 

4 
2 

1 

1 

1 

1 

1 
1 
1 

4 

1 

2 

1 

1 
1 
1 

1 

1 

1 

Total  '  85 
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Table  1.  —  (Cont.)  Number  of  sample  trees  by  d.b.h.,  total  height,  and 

crown  ratio  classes. 


D.b.h. 
(in.) 


0.6  -  1.5 
1.6  -  2.5 
2.6  -  3.5 
3.6  -  4.5 
4.6  -  5.5 
5.6  -  6.5 
6.6  -  7.5 
7.6  -  8.5 
8.6  -  9.5 
9.6  -10.5 
10.6-11.5 
11.6-12.5 
12.6-13.5 
13.6-14.5 
14.6-15.5 
15. 6-16. 5 
16.6-17.5 
17. 6-18. 5 
18. 6-19. 5 
19.6-20.5 
20.6-21 .5 
21.6-22.5 


Total  Height  (ft.) 
4.6-15    16-25    26-35    36-45    46-55    56-65    66-75    76-85    86-95    96-105 
>     51^     Crovm  Ratio 

1 


1 

1 

3 

3 

1 

1 

4 

1 

3 

1 

1 

2 

2 

1 

1 

2 

1 

1 
2 

1 

2 

1 

1 

2 

1 

3 

2 

3 

1 

2 

2 

2 

1 

2 

1 

1 

3 

1 

2 
2 

1 

1 
1 

1 

1 

1 
2 
1 

2 

1 
1 

1 

1 

1 

2 

1 

Total  =  92 


RESULTS 


The   fitted    form    of    equation    (4)    is: 

(5)  V=0.C0535  +  0.00186O^2(d2h)  +  0.C0000664898(10OCR)(d2h). 

For  comparison,  a  conditioned  weighted  fit  of 
model  (1)  was  made  to  obtain  the  simpler 
"combined    variable"    equation: 

(6)  V  =  0.00535  +  0.0021 9706 (D^h)    with  weight  =  l/D^H. 

"Goodness  of  fit"  statistics  for  equations 
(5)  and  (6)  are  given-  in  Table  2.  At  first 
glance,  these  statistics  do  not  indicate  an  over- 
whelming superiority  by  either  equation.  Both 
equations  are  relatively  unbiased  as  indicated  by 
nearly  zero  mean  deviations  (d)  and  both  account 
for  a  very  large  proportion  of  the  variation  in 
tree  volume  as  indicated  by  the  fit ■ indices  (FI) 
of  about  0.99  or  larger.  Both  the  relative  (^d) 
and  absolute  relative  (RMS^d)  deviations  are 
similar  for  both  equations.  But,  for  equation 
(5)  the  root  mean  squared  deviation  (RMSd)  is 
lower  by  about  19  percent,  indicating  that  the 
average  absolute  size  of  errors  is  less  with 
equation  (5). 


Equation  (5)  is  shown  graphically  in  Fig  i|| 
1  for  three  contrasting  crown- ratio  percenta(^) 
Note  that,  as  expected,  a  low  crown  ratio  resu - 
in  a  larger  tree  volume  for  given  D  and  H  1 
implies  better  stem  form  for  the  shorter  t  | 
crown.  Equation  (6),  if  plotted,  would  nea  I 
coincide  with  the  line  for  50  percent  crown  ra  : 
in  Figure  1  because  the  mean  CR  for  the  data  i, 
is    also    about    50    percent.  M 


"     To    illustrate    the    effect    of    CR    on   ti? 
volume,    assume   we  have  a   tree   with  D  =    10   inch  j 
H  =  70   feet  and  let  CR  be  30,    50,    or  70  perce 
Calculating  the  volume   for  these   three  conditi  tt 
using    equations    (5)    and    (6)    we    obtain: 

For   (6),    V  =   15.385 

For  (5)  and  CR  =  30?,   V  =  16.286 


f 


70? 


V  =  15.355 


V  =  14.425 


Compared  to  equation  (6),  equation  (5)  predict 
about  1  cubic  foot  or  5.9  percent  more  volume  i' 
CR  =  30^  and  about  1  cubic  foot  or  6.2  percei 
less    volume   for  CR   =   10%.      The    cubic-foot  di'f 
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Table  2.  —      "Goodness  of  fit"  statistics  for  equations  (5)  and  (6). 


Related  Statistics 

Equation               iJ       -  iJ            _  5/                    i./       _  1^  ^1                 l! 

n              Y                   d                 RMSd              %A  RMS^d                   FI 

ft.^.i.b. % 

(5)  214      17.331         0.000           1.654      -3.404  15.139             0.991 

(6)  214        17.331        0.000          2.042        -2.918  13.912            0.987 


1/       n  =  Number  of  observations 

2/       Y  =  Mean  observed   total   cubic-foot  volume,    i.b.,    per   tree 

2/       d  =  Mean  deviation  =   (l/n)£(Y^  -  Y^^)      where  Y^  =   observed 

A 

volume  of  the  ith  tree  and  Y^  =  predicted  volume  of  the  ith  tree 
^|        RMSd  =  Root  mean  squared  deviation  =  l/(l/n)^(Yj^  -  Y^^) 
5_/   ?d  =  Mean  percent  deviation  =  [(l/n)£((Yj  -  Y^)/Y^)](lOO) 
6/   RMS^d  =  Root  mean  squared  percent  deviation 

=  ^^1/n)£((Y.  -  Yi)/Yi)2   (100) 
7/   FI  =  Fit  index  =  1  -  [^Ky^  -  \^)'^I'^{X^  -   Y)2] 

Fit    index    is   analogous    to    the   coefficient    of   determination 
in   regular   regression   and    takes    on   val\ies   <    1  •      FI    is   used    to 
evaluate  variation  accounted   for  by  conditioned   or   transformed 
regressions   or   systems    of   equations    where      the   coefficient   of 
determination   is   not   appropriate. 


nces  increase  as  tree  size  increases,  as 
nitrated  in  Figure  1 ,  but  the  percentage  dif- 
Jinces  remain  essentially  the  same.  The 
Lf^rence  between  the  volume  of  two  trees  having 
lesame  D  and  H  but  a  CR  of  30  percent  for  one 
id^O  percent  for  the  other  is  about  11  to  13 
srent,  depending  on  the  base.  This  relative 
i-ference  is  on  the  order  of  the  10  percent 
)lne  difference  reported  by  Dell  (l979)  between 
-Ki  and  low  crown- ratio  stem-profile  functions 
>rililanted    loblolly  pine. 


DISCUSSION 

jEquation  (5)  shows  that  an  association 
tips  between  tree  volume  and  crown  ratio  in 
it 'al  longleaf  pines,  as  sampled  in  this  data 
but    any    cause-effect    relationships    are 


interpretive.  The  trees  selected  in  the  rectan- 
gular distribution  were  required  only  to  be 
naturally  regenerated,  single-stemmed,  visibly 
undamaged,  and  to  fit  into  one  of  the  D-H-CR 
cells.  They  came  from  a  wide  variety  of 
undescribed  stand  conditions  and  histories 
regarding  age,  site  quality,  density,  and  past 
treatment.  Therefore,  they  are  not  associated 
with  any  particular  set  of  stand  conditions  or 
management  regimes.  The  relationship  between 
crown  ratio  and  stem  volume  observed  under 
specific  thinning  regimes  over  a  rotation  might 
be  somewhat  different  quantitatively  from  that 
herein  but  should  be  similar  qualitatively  if 
thinning  intervals  are  long  enough  for  crown 
length  and  stem  form  to  adjust  to  the  new  envir- 
onment. 

Basically,     for   species    exhibiting   excurrent 
or   monopodial    growth    form,    a    tree    stem    tends 
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Figure    1.    —  Predicted   total   cubic-foot   volume,    i.e.,    by   crown-ratio    (CR) 
class,    equation    (5). 


toward  a  cylinder  in  shape  below  the  crown  base 
and  tapers  strongly  within  the  crown.  Thus,  as 
crown  lengthens,  stem  form  tends  to  be  poorer. 
Stem  shape  appears  to  be  modified  secondarily  by 
stand  density.  Open-grown  trees  generally  tend  to 
taper  more  in  the  lower  stem  than  trees  in  a 
closed  stand  due  apparently  to  a  buttressing 
response  to  wind  loading.  But,  also,  crown  ratio 
and  stand  density  are  co-related  since  open-grown 
trees  also  tend  to  have  high  crown  ratios  while 
trees  in  dense  stands  tend  to  have  low  crown 
ratios.  In  the  normal  development  of  a  stand, 
the  trend  with  time  seems  toward  lower  crown 
ratios  and  perhaps  an  approach  toward  an 
asymptote.  For  the  most  part,  it  would  seem  that 
any  treatment  that  altered  the  crown  ratio  would 
also  result,  sooner  or  later,  in  altered  stem 
form,  but  how  quickly  crown  ratio  changes  and 
stem  form  adjusts  to  changed  environment  in 
longleaf  pine   is   open   to    investigation. 

Perhaps    in  Lohrey's    (1983)   report,    where  a 


crown- ratio  effect  was  inconsistent,  the  c 
ratio  and  stem  form  never  achieved  commenst' 
values  or  crown  ratio  never  varied  consiste 
among  the  study  treatments  due  to  frequent  1 
ning.  Also,  possibly  the  model  form  or  inclu 
of  other  co-related  variables  prevented  detec 
of  an  effect  of  crown  ratio.  Nevertheless 
Lohrey  points  out,  lateral  crown  expansion 
increased  loads  on  the  stem  due  to  wind 
increased  crown  volume  after  thinning  may  af 
stem  form  and  volume  without  an  apprecii 
change  in  crown  ratio.  The  point  is  also  i 
taken  that  if  we  wish  best  to  measure  stem  1 
and  volume  responses  to  intensive  treatme 
such  as  frequent  thinnings,  live  prunings, 
tilizations,  etc.,  we  should  resort  to  equi 
intensive  measurements.  This  implies  pre( 
dendrometry  of  the  stems  in  stands,  or  a  i 
ficient  sample  thereof,  plus  establishmen- 
inside-  and  outside-bark  diameter  relations 
along   the   stem. 
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Although  crown  ratio  may  not  be  the  most 
sitive  expression  of  stem  form,  it  should  be 
equate  in  many  cases.  For  applications  where 
expense  of  dendrometry  is  not  justified,  the 
ed  precision  of  a  D  H  volume  regression  or 
m-profile  function  employing  crown  ratio 
jld    prove    useful. 
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ESTABLISHMENT  OF  PERMANENT  GROWTH  AND  YIELD  PLOTS 
IN  LOBLOLLY  AND  SLASH  PINE  PLANTATIONS  IN  EAST  TEXAS  - 
J.  David  Lenhart 
Ellis  V.  Hunt,  Jr. 


Jock  A.  Blackard  - 


2/ 


Abstract. — Permanent  plots  have  been  established  in  178  loblolly 
and  78  slash  pine  plantations  throughout  East  Texas  to  study  the 
development  of  stand  structure  over  time.   Analysis  of  the  data  will 
provide  methods  of  estimating  growth  and  yield,  mortality,  and  site 
productivity  to  assist  managers  of  these  plantations. 


In  August,  1984,  after  three  years  of  work, 
the  School  of  Forestry  at  Stephen  F.  Austin  State 
University  and  participating  East  Texas  forest 
industries  finished  installing  an  array  of  178 

permanent  growth  and  yield  plots  in  loblolly  pine 
plantations  and  78  permanent  growth  and  yield 
plots  in  slash  pine  plantations  throughout  East 

Texas. 

The  need  for  this  comprehensive  sample  arose 
because  about  15  years  ago,  many  forest  landowners 
started  converting  mixed  pine-hardwood  stands  to 
planted  pine  stands.   By  1984,  approximately  2 
million  acres  of  loblolly  and  slash  pine 
plantations  were  established  on  these  non-old- 
field  stands  (usually  site-prepared)  in  East  Texas. 
Systems  and  procedures  are  needed  to  predict  the 
future  stand  structures  of  these  plantations. 

In  1981,  several  participating  industrial 
forest  landowners  in  East  Texas  and  the  School  of 
Forestry  started  a  comprehensive  long-term  study 
of  growth  and  yield  -  The  East  Texas  Pine 
Plantation  Research  Project. 


1/ 


2/ 


Paper  presented  at  Southern  Silvicultural 
Research  Conference,  Atlanta,  Georgia, 
November  7-8,  1984. 

Professor,  Associate  Professor  and  Graduate 
Assistant,  respectively.  School  of  Forestry, 
Stephen  F.  Austin  State  University,  Nacogdoches 
Texas,  75962. 


OBJECTIVES 

The  basic  objectives  of  the  project  are: 

1)  Develop  individual  tree  content 
prediciton  equations. 

2)  Quantify  site  productivity. 

3)  Determine  tree  survival  equations  j 

4)  Develop  basal  area  growth  functioii 

5)  Compute  individual  tree  height  gr/ra 
equations.  1 

6)  Develop  procedures  to  recover  staui 
structure  parameters. 

7)  Determine  effects  of  thinning  on 
stand  structure.  i 

In  addition,  several  adjunct  research  i 
projects  are  being  conducted  as  part  of  the  E  s 
Texas  study  as: 

1)  Determine  the  role  of  non-planted»| 
vegetation. 

2)  Quantify  the  occurrence  of  fusifo  n 
rust. 

3)  Characterize  the  soil. 

4)  Describe  the  quality  of  the  planti  i 
trees. 

Since  this  is  a  long-term  project, 
modifications  and  changes  in  project  goals  am 
objectives  will  probably  occur. 
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DESIGN  OF  EXPERIMENT 

For  each  of  the  two  species,  the  permanent 
Its  are  distributed  over  East  Texas,  so  that 
y  comprehensively  sampled: 

1)  Geographic  range. 

2)  Soil  classes. 

3)  Age  classes. 

4)  Site  productivity  classes. 

5)  Surviving  trees  per  acre  classes. 

When  a  plantation  was  located  that  filled  a 
che"  in  the  above  list,  it  also  had  to  meet  the 
lowing  sampling  criteria: 

1)  Recognizable  as  a  plantation. 

2)  Not  an  old  field. 

3)  Pure  species. 
A)  Not  replanted. 
5)  Unthinned. 


When  that  list  of  requirements  was  met,  the 
t  itself  was  located  within  the  plantation  so 
t: 

1)  There  were  no  imbedded  windrows. 

2)  There  were  no  "unusually  large" 
openings. 

3)  It  was  free  of  overtopping  residual 
trees. 

A  plot  consists  of  two  adjacent  subplots  -  60 
:£lt  apart.   Each  subplot  was  100  feet  square 
[]!,000  square  feet).   One  subplot  will  remain 
irhinned  throughout  the  life  of  the  plantation, 
ir'  the  other  subplot  will  eventually  receive 
)prational  thinnings.   A  flip  of  a  coin  decided 
lYth   subplot-to-remain-unthinned.   A  30-foot 
itfer  will  be  painted  around  the  subplot-to- 
reain-unthinned  to  protect  it  against  inadvertent 
latkest  or  disturbance. 

Each  planted  tree  within  a  subplot  was  tagged 
a  numbered  aluminum  tag  and  evaluated  to 

1)  Dbh  (tenth  of  inch). 

2)  Total  tree  height  (feet). 

3)  Height  to  live  crown  (feet). 

4)  Crown  class. 

5)  Tree  quality  characteristics. 

6)  Incidence  of  fusiform  rust. 

I'd  very  young  plantations,  it  was  not  possible  to 
>bkin  all  the  values  for  each  tree. 


These  values  were  combined  with  general 
information  about  the  plantation  to  obtain: 

1)  Plantation  age  (years). 

2)  Planted  trees  per  acre. 

3)  Surviving  trees  per  acre. 

4)  Average  total  tree  height  (feet) 
^      5)  Site  preparation  methods. 

6)  Topography. 

7)  Drainage. 


FUTURE  PLANS 

In  the  future,  each  plot  will  be  remeasured 
several  times  to  analyze  the  changing  stand 
structure  over  time.   Beginning  in  1985,  the 
plots  installed  in  1982  will  be  remeasured.   Then, 
the  1983  plots  will  be  remeasured  in  1986  and  this 
sequence  will  continue  until  final  harvest. 

The  remeasurement  data  will  be  used  to 
classify  site  productivity  and  develop  stand 
structure  parameters.   Moreover,  when  operational 
thinnings  occur,  "before  and  after"  observations 
will  be  recorded.   A  continuous  effort  will  be 
needed  to  prevent  the  premature  destruction  of 
these  permanent  plots. 

As  the  data  files  become  more  and  more 
comprehensive  due  to  the  collection  of  remeasure- 
ment data,  appropriate  analyses  will  be  conducted 
to  meet  the  objecives  of  the  project.  To  achieve 
these  goals,  a  long-term  commitment  by  the  School 
of  Forestry  and  the  participating  forest 
industries  in  East  Texas  must  be  maintained. 
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CHERRYBARK  OAK  DEVELOPMENT   IN  NATURAL  MIXED 


OAK-SWEETGUM  STANDS—PRELIMINARY  RESULTS-' 


1/ 


Wayne  K.  Clatterbuck,  John  D.  Hodges 
and  E.  C.  Burkhardt— ^ 


Abstract. — Development  of  cherrybark  oak  was  studied 
over  a  range  of  stand  densities  and  ages  to  determine  stand 
conditions  which  influence  the  growth  of  quality  trees. 
Study  was  limited  to  mixed,  old-field  stands  of  sweetgum  and 
cherrybark  oak  in  the  minor  bottoms  of  central  Mississippi. 
Of  150  total  plots,  stem  analysis  was  conducted  on  153  trees 
on  31  plots.  The  results  of  these  analyses  indicate  that  the 
pattern  of  development  is  influenced  by  spacing  and  two 
general  patterns  are  discernible.  The  first  occurs  at 
average  spacings  greater  than  18  feet  between  dominant  and 
codorainant  trees,  or  when  the  cherrybark  oak  is  older  than 
sweetgum.  Since  there  is  little  influence  from  adjacent 
sweetgum  trees,  crown  spread  of  the  cherrybark  oak  is 
accelerated.  Under  these  conditions  merchantable  lengths  of 
less  than  1.5  logs  and  diameters  of  18  to  22  inches  are 
attained  in  a  40-year  rotation.  At  narrower  average  spacings 
the  cherrybark  oak  height  curve  is  sigmo id-shaped.  The 
cherrybark  oak  is  initially  shorter  than  the  sweetgum,  but  is 
able  to  surpass  the  sweetgum  in  total  height  within  15  to  25 
years  of  age.  With  this  developmental  pattern,  one  may 
expect  long  clear  boles  of  2.5  to  3.0  logs  and  diameters  of 
22  to  24  inches  over  a  rotation  of  60  years.  A  comparison  of 
each  pattern  of  development  in  terms  of  log  grade  is 
d  i  sc  us  sed  . 


INTRODUCTION 

There  is  widespread  concern  with  the  future 
status  of  oak  (Quercus  spp.)  stands  in  the 
eastern  United  States.  Once  these  stands  are 
cut,  they  are  not  regenerating  to  oak  in 
sufficient  numbers.  Numerous  studies  have 
investigated  natural  and  artificial  regeneration 
techniques  and  intermediate  treatments  to  ensure 
oak  establishment  and  growth.  However,  little 
is  known  about  the  development  of  southern  oaks 


—'Paper  presented  at  the  Third  Biennial  Southern 
Silvicultural  Research  Conference,  Atlanta, 
Georgia,  November  7-8,  1984.  Contribution  No. 
5980  of  the  Mississippi  Agricultural  and 
Forestry  Experiment  Station. 

A'The  authors  are  Research  Assistant  and 
Professor,  Department  of  Forestry,  Mississippi 
Agricultural  and  Forestry  Experiment  Station, 
Mississippi  State  University,  Mississippi 
State,  MS  39762  and  Consulting  Forester, 
Vicksburg,  MS  39180. 


from  seedling  to  maturity  in  mixed  speciei 
stands.  A  thorough  understanding  of  th! 
development  of  these  stands  is  needed  ti 
prescribe  silvicultural  treatments  which  enhanoi 
the  oak  component  not  only  during  the  rotatio 
but   also   in   initial   regeneration   efforts:' 

The  objective  of  this  study  is  t 
characterize  the  development  of  cherrybark  oa 
(Quercus  falcata  var.  pagodifolia  Ell.)  in  mixei 
oak-sweetgum  (Liquidambar  styraciflua  L.)  stand, 
and  to  use  this  characterization  to  determin 
the  conditions  which  promote  the  growth  o: 
quality  cherrybark  oak  trees.  The  research  ii 
confined  to  old-field,  even-aged  stands  on  thi 
minor  bottoms  of  central  Mississippi.  Mino! 
bottoms  are  those  floodplains  and  terraces  wher( 
the  soils  are  of  local  origin  (Hodges  am 
Switzer  1979).  Oaks  tend  to  dominate  these 
stands  at  maturity  even  though  they  are  losi 
among  the  more  numerous  sweetgum  during  tht 
seedling  and  sapling  stages. 
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PROCEDURES 

Stands  containing  mixtures  of  cherrybark 
and  sweetgum  were  located  at  various 
opmental  stages,  densities,  and  ages  from  6 
iO  years  old.  There  were  150  plots 
lished  with  at  least  ten  plots  per  ten-year 
interval.  The  number  of  plots  was  skewed 
id  the  younger  age  classes  because  the  most 
changes  in  stand  development  occur  at 
;  ages.  An  individual  cherrybark  oak  tree 
i  as  the  center  of  the  plot.  Plot  size  was 
jble  ranging  from  0.02  to  0.20  acre,  and 
;iilar  because  the  plots  were  based  on 
iidual  cherrybark  oak  trees.  The  other  plot 
I  are  those  that  are  interacting  with  or 
.jncing  the  development  of  the  cherrybark 
subject  trees.  An  interacting  tree  is 
.|jd  as  any  adjacent  tree  whose  crown  is 
;iLng  the  crown  of  the  subject  tree  or  whose 
jj  is  above  or  below  the  drip  line  or  edge  of 
jbject  tree  crown  (Smith  and  Lamson  1983). 
.ist  75  percent  of  the  trees  adjacent  to  the 
r^bark  oak  had  to  be  sweetgum  for  the  plot 
)  considered. 

"he    following    data    were    recorded    for    each 
([n  the  plot: 

species, 

DBH, 

crown  class, 

total  height, 

height      to      base      of      live      crown      or 
merchantable  height, 

distance        and        azimuth        from        the 
cherrybark      oak       subject      tree,      and 

damage        code         (lightning,        canker, 
beaver,   split,   etc.). 


cherrybark  oak  subject  tree  and  the 
Limt  and  codominant  interacting  trees 
Ltjjanal    measurements    were     taken    including: 


crown        width        in        two        directions, 
north-south  and  east-west, 

total      age      from     increment     cores     at 
one-foot   stump  height,    and 

number     of     16-foot     sawlogs     and     their 
grades. 


ii area  of  each  plot  was  taken  six  feet  due 
:h  of  the  subject  tree  with  a  10-f actor 
roil  Site  index  (at  50  years)  for  cherrybark 
cj  the  study  areas  ranged  from  90  to  115 
t    icording    to    Broadfoot's    (1961)    site  index 


The  development  of  mixed  oak-sweetgum 
stands  was  evaluated  by  a  combination  of  the 
chronosequence  and  stem  analysis  techniques.  A 
chronosequence  is  a  series  of  stands  which  are 
of  different  ages,  but  are  assumed  to  be  similar 
in  appearance  wiien  at  the  same  age  (Oliver 
1982).  Its  use  infers  that  the  measurement  of 
several  stands  on  similar  sites,  but  at 
different  ages,  yields  results  equivalent  to 
successive  measurements  of  one  stand  over  a 
period  of  years.  Stem  analysis  reconstructs 
past  tree  development  by  counting  and  measuring 
tree  rings  along  the  main  stem  and  current 
branchas.  By  analyzing  several  adjacent  trees, 
one  can  assess  how  a  tree  develops  in  height, 
diameter,  and  crown  dimension  in  relation  to 
neighboring  trees.  The  stem  analysis  procedure 
followed  the  method  of  Duff  and  Nolan  (1953). 
One  hundred  fifty  three  trees  on  31  plots  were 
stem  analyzed.  The  combination  of  these  two 
techniques  permits  stands  to  be  reconstructed  as 
well  as    projected    forward    in   time. 

Regression  equations  were  developed  from 
the  plot  and  stem  analysis  data  to  describe 
height,  diameter,  and  merchantable  height 
relationships  for  cherrybark  oak  and  adjacent 
sweetgum  trees.  Only  dominant  and  codominant 
trees  of  both  species  were  used  except  for  the 
height-age  curves  which  included  intermediate 
and  overtopped  sweetgum  trees.  By  applying 
these  equations,  the  respective  total  heights, 
merchantable  heights,  and  diameters  at 
particular  ages  are  obtained  and  the  pattern  of 
development  of  an  average  tree  is  constructed 
(Holsoe  1947).  At  a  given  age,  log  grades  were 
assigned  using  predicted  diameter  growth  or  the 
amount  of  clear  wood  deposited  over  the  knotty 
core.  The  knotty  core  is  the  wood  deposited 
before  the  bole  becomes  clear  of  branches,  i.e., 
before  the  branches  are  shed  and  additional 
diameter  growth  begins  to  heal  over  the  scars 
left  by  lost  branches.  Diameters  outside  bark 
for  each  merchantable  height  were  determined 
from     taper     calculations     using     form     class    80. 


RESULTS  AND  DISCUSSION 

Patterns   of  Diameter  Growth 

Figure  1  illustrates  the  cumulative 
diameter  growth  patterns  for  dominant  and 
codominant  cherrybark  oak  and  adjacent  sweetgum 
trees.  The  best  equation  for  each  species  was  a 
logarithmic  function  for  cherrybark  oak  and  a 
straight  line  regression  for  sweetgum  with 
coefficient  of  determination  (R  )  of  0.88  and 
0.70,  respectively.  Sweetgum  has  a  steady 
diameter  growth  pattern  of  1.5  inches  per 
decade,  while  the  diameter  growth  of  cherrybark 
oak  is  initially  slower  than  sweetgum,  but  its 
rate  of  diameter  growth  increases  with  age  to  5 
inches  per  decade  at  age  60.  Perhaps  one  of  the 
most  striking  differences  between  diameter 
growth  patterns  of  these  two  species  is  that 
cherrybark     oak    has     three     times     the     diameter 
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Figure  1. — Cumulative  diameter  growth  patterns 
of  cherrybark  oak  and  sweetgum  in  the  minor 
bottoms  of  central  Mississippi. 


growth  rate  of  sweetgum  after  age  40.  Thus, 
cherrybark  oak  has  more  diameter  accumulation 
than  the  adjacent  sweetgum  trees. 

Stand  density  is  known  to  influence  the 
diameter  growth  of  trees,  however  correlations 
of  cherrybark  oak  diameter  growth  to  several 
competition  indices  (Brown  1965;  Gerrard  1969; 
Hegyi  1973)  and  to  plot  basal  area  were  not 
significant.  Two  reasons  are  postulated  for 
this.  First,  no  form  of  competition  index  has 
been  able  to  totally  explain  mathematically  the 
spacing  relationship  between  adjacent  trees  and 
its  effect  on  diameter  growth  (Johnson  1973). 
Second,  since  only  dominant  and  codominant  trees 
were  used  in  the  compilation  of  equations, 
neither  stand  density  nor  basal  area  had  much 
effect  on  these  trees  already  in  the  upper  crown 
classes. 

Height  Growth  Patterns 


oak 


The  height  growth  patterns  of  cherrybark 
and  sweetgum  are  shown  by  crown  class  in 


Figures  2A  and  2B.—  These  two  figures  are  the 
same  except  for  the  intermediate  sweetgum  curve. 
The  intermediate  sweetgum  in  Figure  2A 
represents  a  tree  that  was  always  below  the 
canopy,  even  before  crown  class  differentiation 
of  the  stand.  The  intermediate  curve  in  Figure 
2B  denotes  a  tree  that  was  a  member  of  the 


3/ 

—There  was  insufficient  data  to  derive  meaning- 
ful equations  for  the  intermediate  and  over- 
topped  crown   classes   of   cherrybark   oak. 
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Figure  2. — Height-age  curves  for  different  (C' 
classes  of  cherrybark  oak  and  sweetgum  oi  s 
minor  bottoms  of  central  Mississippi.  Fips 
2A  and  2B  show  different  curves  for  intiC 
diate  sweetgum.  Note  that  SI  stands  foi  ^ 
site  index  guide  curve  which  is  a  composin' 
the     dominant     and     codominant     crown     class- 
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)py  before  the  crowns  differentiated,  but 
irae  intermediate  after  crown  differentiation, 
coefficients  of  determination  for  each  of 
curves  are  0.95  for  the  dominant  and 
iminant  cherrybark  oak,  0.93  for  dominant  and 
nuinant  sweetgum,  0.84  for  intermediate 
;tgum  in  Figure  2A  and  0.86  in  Figure  2B,  and 
1   for   overtopped    sweetgum. 

Height  growth  of  dominant  and  codominant 
Irybark  oak  is  characterized  by  a  sigmoid 
th  curve  representing  a  period  of  slow 
ial  growth,  followed  by  a  terra  of  rapid 
th,     and    then    an    extended    period    of    slower 

still  appreciable  growth.  Initially,  the 
nile  growth  of  sweetgum  is  greater  than  that 
'  cherrybark       oak.  However,       by       age       23 

iirybark  oak  is  able  to  catch  and  surpass  the 
iht  attained  by  sweetgum.  The  intersection 
[the  dominant  and  codominant  curves  of 
Eirybark  oak  occurs  for  two  reasons:  a 
:down  in  the  rate  of  sweetgum  height  growth 
j'led  with  a  rapid  increase  in  the  height 
cjth  rate  of  cherrybark  oak.  After  the 
qrsection  both  species  exhibit  appreciable 
iiit  growth,  nevertheless  the  deceleration  in 
erate  of  height  growth  is  greater  in  sweetgum 
a!  cherrybark  oak.  These  patterns  of  height 
3th  generally  enable  the  cherrybark  oak  to 
3pss  dominance  and  form  a  continuous  canopy 
the    sweetgum    in    mixed    oak-sweetgum   stands. 

In  comparison,  the  height  growth  patterns 
hbited  by  cherrybark  oak  and  sweetgum  are 
nlar  to  the  previously  discussed  diameter 
oih  patterns.  Sweetgum  outgrows  cherrybark 
k'initialiy,  but  cherrybark  oak  is  able  to 
t.i  and  surpass  sweetgum  in  both  height  and 
ai:ter  by  age  23.  Once  cherrybark  oak  exceeds 
ejheight  attained  by  sweetgum,  additional 
ai  becomes  available  for  crown  expansion, 
ejconcommitant  increase  in  cherrybark  oak 
0^  volume  and  leaf  surface  increases  the  rate 
iameter  growth  as  shown  in  Figure  I.  The 
oVjS  of  the  widely  spaced  oaks  at  first  appear 
Cited  among  the  numerous  sweetgum  stems,  but 
e^emerge  into  the  upper  canopy  and  eventually 
ei  to  form  a  continuous  overstory.  The 
eience  of  oaks  into  the  overstory  and  the 
pasion  of  their  crowns  create  a  two-tiered 
an  with  cherrybark  oak  in  the  overstory  and 
eegum  in  the  mid-canopy.  Of  course  there  are 
fi?  dominant  sweetgum  in  the  overstory,  but 
neally  oaks  dominate.  Sweetgum  remains 
delneath  the  oak  and  continues  to  decline, 
Iffe  (1948)  and  Scholz  (1948)  found  similar 
suts  with  northern  red  oak  (Quercus  rubra  L.) 
an?.  Northern  red  oak  has  the  capacity  to 
era  into  the  overstory,  spread  its  crown,  and 
nsquently    crowd     out     more     tolerant     species. 


Merchantable  Height 


.n  this  discussion,  merchantable  height  is 
fi)d  as  the  height  to  the  base  of  the  live 
ow  or  the  height  to  the  first  live  limb  in 
le   :own.      The  merchantable  height-total  height 


curves  are  presented  in  Figure  3  and  the  R^ 
values  are  0.88  for  cherrybark  oak  and  0.65  for 
sweetgum.  A       decrease        in       the       rate       of 

merchantable  height  development  might  be 
expected  with  increases  in  total  height,  because 
merchantable  height  growth  rate  would  naturally 
decrease  once  crown  expansion  occurs  and  total 
height  growth  rate  begins  to  decline.  The  more 
or  less  straight  lines  of  both  species  for  the 
merchantable  height-total  height  graph  indicate 
that  merchantable  height  development  parallels 
that  of  total  height,  which  is  a  sigmoid  curve 
as  explained  earlier.  Thus,  as  the  total  height 
growth  rate  declines,  so  does  the  merchantable 
height  growth   rate. 

Cherrybark  Oak  Development  and  Log  Grade 

The  development  pattern  of  an  average 
cherrybark  oak  tree  as  depicted  by  the  graphs  in 
Figures  1,  2,  and  3  is  presented  in  Table  1. 
The  following  discussion  will  refer  to  the  butt 
log,  second  log,  and  third  log  as  successive 
16-foot  clear  bole  lengths  above  a  two-foot 
stump  (merchantable  height  column  in  Table  1). 
Each  log  was  evaluated  in  terms  of  diameter 
growth,  size  of  the  knotty  core,  and 
merchantable  height  at  the  time  that  the  log 
becomes  clear  of  branches.  Based  on  these 
characteristics,  a  log  grade  was  assigned 
following  the  U.S.  Forest  Service  standard 
grades  for  hardwood  logs  (Rast  et  al .  1973). 
Table  1  indicates  that  the  third  log  (from  34  to 
50  feet  of  merchantable  height)  becomes  clear  or 
free  of  branches  at  58  years  old.  This  will  be 
used     as    the    rotation    age    for    this    discussion. 
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Figure  3. — Merchantable  height-total  height 
growth  patterns  for  cherrybark  oak  and  sweet- 
gum on  the  minor  bottoms  of  central 
Mississippi. 
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Table    1. — ^The   development    pattern    of    average    dominant    and    codominant    cherrybark    oak    trees    in   mixed  4, 
sweetgura  stands   in  central  Mississippi.  '"' 


Age   (yrs) 


Height   (ft.) 


Diameter  Outside   Bark   (in.) 


Total 


Merchantable 


4.5   ft. 


18   ft. 


34   ft. 


15 

44 

18 

3.8 

3.0 

23 

62 

26 

6.7 

32 

79 

34 

10.4 

8.3 

6.9 

43 

95 

42 

15.4 

58 

111 

50 

22.9 

18.3 

16.5 

The  butt  log  would  naturally  be  the  best  in 
quality  when  compared  to  the  other  logs  because 
of  the  smaller  knotty  core  and  the  greatest 
accumulation  of  clear  wood  on  top  of  the  knotty 
core.  The  knotty  core  in  the  butt  log  has  the 
shape  of  an  inverted  cone  with  the  apex  at  the 
ground  line  and  its  base  at  the  small  end  of  the 
log.  The  DBH  at  the  time  the  butt  log  becomes 
clear  is  3.8  inches.  After  60  years,  the 
diameter  of  the  tree  is  almost  2  3  inches, 
yielding  approximately  20  inches  of  clear, 
high-quality  wood  produced  at  DBH.  With  that 
amount  of  clear  wood  accumulation  and  assuming 
no  major  defects,  the  log  grade  of  the  first  log 
would  be   a  grade   one. 

The  second  log  becomes  clear  at  age  32  when 
the  DBH  of  the  tree  is  10.4  inches.  The  knotty 
core  of  the  second  log  is  3.0  inches  at  the 
large  end  of  the  log  and  6.9  inches  at  the  small 
end.  At  rotation  age  the  diameters  at  each  end 
respectively  are  18.3  and  16.5  inches.  This  is 
still  a  significant  amount  of  clear  wood 
accumulation,  but  not  as  much  as  in  the  butt 
log.  If  the  second  log  is  defect-free,  its 
grade  will  depend  on  its  final  size.  The  log 
will  be  a  grade  one  if  the  scaling  diameter  is 
16  inches  or  above.  Otherwise  it  will  be  a 
grade   two. 

The  third  log  becomes  clear  just  at  the 
rotation  age  of  58  years.  Consequently,  there 
is  little  clear  wood  deposited  on  the  log, 
especially  on  the  upper  8  feet,  and  the  dead 
branch  stubs  and  other  defects  would  still  be 
exposed.  Thus,  the  third  log  would  only  be  a 
grade  three.  Also  note  that  it  takes  26  years 
to  develop  a  clear  third  log,  whereas  it  took 
only  17  years  to  develop  the  second  clear  log. 
This  is  primarily  due  to  the  declining  height 
growth  and  merchantable  height  growth  rates 
exhibited  during  the  later  stages  of 
development.  This  suggests  that  it  becomes 
increasingly  difficult  to  achieve  greater 
merchantable  heights  and  clear  diameter  growth 
on  the  upper   logs. 


The  development  of  clear  bole  lengl  i,iii 
cherrybark  oak  is  a  process  of  :m 
interactions  between  cherrybark  oak  and  adj  ijQt 
trees.  When  the  crowns  of  adjacent  trees  itt, 
the  lowest  branches  eventually  die  becaui=:3f 
the  absence  of  sufficient  light  to  mai.  |jLa 
growth.  The  side  branches  of  adjacent 
continue  to  grow  and  meet  higher  in  the 
These  too  are  shed  as  light  benp 
insufficient.  This  process  of  meeting  and  llig 
of  the  lower  branches  of  the  tree  crown  for  j a 
highly  placed  crown  of  small  branches  jid 
results  in  a  tall,  clear  bole.  Once  ;ie 
cherrybark  oak  begins  to  exceed  the  heigl  tpi 
sweetgum  and  overtops  it,  the  lower  branch  1)1 
the  cherrybark  oak  crown  receive  enough  de 
light  to  grow  and  become  larger  in  diami'jCi 
This  crown  expansion  makes  the  developmei  ^)f 
additional  clear  length  less  likely  becau;Slt 
becomes  increasingly  difficult  for  these  1  |!, 
lower  branches  to  be  shed  and  to  heal  over.  |16 
now  subordinate  and  more  numerous  sweetgum  .|is 
serve  to  keep  the  cherrybark  oak  thoro  |-y 
pruned .  | 

Number  of  Trees  Per  Acre 


If     the    assumption    is    made    that    the 
width    of    a    tree    is    the    diameter   of    a   cir 
zone    of    growing    space    of    that    tree,    thai 
area    of    that    circle    can    be    calculated    aiii 
number      of       trees       per      acre      of       that 
approximated.  Regression  equa 

characterizing  crown  width  and  tree  dia 
were  developed  for  cherrybark  oak.  When 
diameters  average  22  inches  these  calcula 
estimate  that  the  ideal  stand  will  contain 
50  cherrybark  oak  trees  of  that  size  per 
These  figures  should  be  used  with  ca 
because  they  assume  that  there  is  pe 
distribution  of   stems. 

Spacing  Between  Trees 


It    is    difficult    to    determine    the    pr  (|8 
spacing    between    the   cherrybark   oak   subject  if'j 
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1  adjacent  sweetgum  trees  and  the  effect  of 
i:  spacing  on  the  growth  and  development  of 
cherrybark  oak.  This  is  due  to  the  variable 
Jiributlon  of  stems  in  natural  stands,  and 
i'luse  the  adjacent  sweetgum  trees  are  spaced 
ijltfferent  distances  around  the  cherrybark  oak 
;i.  As  stated  earlier,  attempts  to  correlate 
.leter  growth  and  clear  bole  length  to  several 
rjessions  of  stand  density  such  as  plot  basal 
:i'.,  number  of  interacting  trees,  and  several 
Tiiietition  indices  were  unsuccessful.  Within 
i'\  realm  of  this  study,  the  effects  of  stand 
!  ity     could     not     be     detected     statistically. 

I 
However,    spacing,    or   the   distance    from  the 

ii[rybark    oak    subject    tree    to   adjacent    trees, 

observed     to     have     some     influence     on     the 

lopment   pattern  of    that  cherrybark  oak  tree. 

)  fxplain    these    distance    relationships,    a  mean 

.:jance       or       average        spacing       between       the 

urybark       oak       and       interacting       trees       was 

i]!ulated     by    measuring     distances     between     the 

)Js  of   the   cherrybark  oak  and   each   interacting 

:i     and      taking     an     average.        These     mean     or 

age     distances      reflected      two      patterns      of 

rybark    oak    development.       The    first    pattern 

s    place    at    mean    distances    of    6    to    18    feet 

i<    is     the     developmental      pattern     previously 

ijribed.       When    average    spacing    between    trees 

eded        18       feet,        a       second       pattern       of 

lopment    was     found.       This    will    be    discussed 

;he    next    section.      If   mean   distance    is    less 

6    feet,    the    cherrybark   oak    is    subordinate 

)  jind    usually    overtopped    by   adjacent    sweetgum 

s      allowing      little      chance      of      continued 

KJrybark  oak  growth  and  survival. 

I  The  delineations  between  the  patterns  of 
!\lopment  occurring  at  6  and  18  feet  are  not 
irtete,  but  constitute  a  range  of  several  feet 
Kie  either  pattern  may  occur.  The  range  of 
'f^ge  spacing  from  6  to  18  feet  in  the  first 
il'em  of  development  seems  large.  This  is 
sCfUse  average  spacing  changes  over  time.  When 
lee  trees  are  young,  the  average  spacing  is  at 
lejsmall  end  of  the  range.  As  cherrybark  oak 
rels  increase  in  volume,  the  average  spacing 
ic&ases  due  to  the  mortality  of  the  smaller 
Ijcent  trees.  Thus,  the  range  in  spacing 
:hbited  by  this  pattern  of  development 
)rttitutes  a  progression  of  average  spacing  in 
idlevelopment   of   cherrybark  oak. 

j        A  Second   Pattern  of  Development 

'  A  second  pattern  of  cherrybark  oak 
r/lopment  was  discovered  in  27  of  the  150 
■o&  and  was  found  to  occur  under  two 
LtJ^tions.  These  plots  had  cherrybark  oak 
"es  that  were  3  to  5  years  older  than  the 
Ijcent  sweetgum  trees  and/or  had  dominant  and 
)dninant  trees  that  were  spaced  greater  than 
i  eet  from  the  cherrybark  oak  subject  tree. 
I  Ither  case,  there  are  few,  if  any  adjacent 
■es  that  are  directly  influencing  the  growth, 
>r|,  and  development  of  the  cherrybark  oak. 
i^^rbark  oak  either  had   a  head   start    in  growth 


over  adjacent  trees  so  that  it  had  a  height  and 
diameter  advantage  or  adjacent  trees  were  spaced 
so  far  away  that  no  interacting  stems  influenced 
the  growth  of  the  subject   tree. 

When  compared  to  the  first  pattern  of 
development,  these  more  or  less  open-grown  trees 
have  shorter  merchantable  lengths,  earlier 
timing  of  crown  expansion  and  increased  diameter 
growth  rates  over  a  shorter  period  of  time. 
Whereas  adjacent  interacting  stems  force  a 
highly  placed  crown  and  long  merchantable 
lengths,  the  lack  of  these  interacting  trees 
allows  crown  expansion  at  an  earlier  age  and 
shorter  merchantable  heights  because  the  lower 
crown  branches  are  retained  for  a  longer  period 
of  time.  Diameter  growth  rate  increases  at  an 
earlier  stage  of  development  reflecting  the 
earlier  timing  of  crown  expansion. 

Diameter  and  height  equations  and  graphs 
were  not  formulated  because  of  the  small  sample 
size  of  27  plots.  However,  it  should  be  noted 
that  a  second  pattern  of  development  occurs  in 
these  mixed  stands  and  may  be  a  management 
alternative  which  bears  further  investigation. 
Preliminary  results  from  the  27  plots  indicate 
that         these  free-to-grow,         widely         spaced 

cherrybark  oaks  attain  total  heights  of  80  to  90 
feet,  diameters  of  18  to  22  inches,  and 
merchantable  heights  of  16  to  24  feet  in  40 
years.  Observations  suggest  that  the  log  grade 
of  the  only  merchantable  log  in  this  pattern 
would  be  a  grade  one.  Approximately  40  to  50 
crop  trees  per  acre,  the  same  number  as  the 
first  pattern  of  development,  may  be  grown  in  40 
years    if  distribution   is  adequate. 

The  pattern  of  oak  development  just 
described  is  commonly  referred  to  as  "butt  log 
forestry"  in  the  United  States  and  "free  growth" 
in  Great  Britain  (Jobling  and  Pearce  1977)  .  The 
free  growth  method  is  a  viable  technique  used  in 
Europe  to  stimulate  vigorous  crown  development 
in  order  to  achieve  maximum  diameter  increment 
in  individual  trees.  The  application  of  the 
free  growth  technique  results  in  a  high-quality 
veneer  log    in  a   short   period   of   time. 


SUMMARY 

Two  patterns  of  cherrybark  oak  tree 
development  were  recognized  in  mixed 
oak-sweetgum  stands  on  the  minor  bottoms  of 
central  Mississippi.  The  first  pattern  occurs 
at  average  spacings  of  6  to  18  feet  with 
cherrybark  oak  averaging  22  to  24  inches  in 
diameter  and  having  merchantable  heights  of  2.5 
to  3.0  logs  in  60  years.  A  majority  of  the 
plots  in  the  study  followed  this  pattern  of 
development.  This  development  pattern  has  been 
documented  in  several  mixed  species  stands  of 
both  hardwood  and  coniferous  species  (Oliver 
1978;  Scholz  1948;  Wierman  and  Oliver  1979).  A 
second  development  pattern  was  found  where 
either  the  cherrybark  oak  was  a  few  years  older 
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than  the  sweetgura  or  the  cherrybark  oak  was 
essentially  open-grown  with  adjacent  trees  being 
more  than  18  feet  away.  This  results  in  a  tree 
with  less  than  1.5  logs  of  clear  merchantable 
length  and  diameters  of  18  to  22  inches  in  40 
years.  The  difference  between  these  two 
patterns  of  cherrybark  oak  development  is  the 
number  of  years  for  the  tree  to  reach  a  diameter 
of  2  2  inches  and  the  clear  merchantable  height 
attained.  The  adjacent  interacting  sweetgum 
trees,  or  the  lack  thereof,  are  responsible  for 
these  two  patterns  of  growth.  Depending  on 
ownership  and  product  objectives,  either  pattern 
of  development  appears  to  be  a  viable 
alternative  in  growing  quality  cherrybark  oak 
trees  in  mixed  species  stands. 


LITERATURE  CITED 

Broadfoot,   W.   M. 

1961.  Guide  for  evaluating  cherrybark  oak 
sites.  USDA  For.  Serv.,  South.  For.  Exp. 
Stn.    Occas.    Pap.    190.      9   p. 

Brown,  G.  S. 

1965.  Point  density  in  stems  per  acre.  New 
Zealand  For.  Serv.,  Forestry  Res.  Inst., 
For.  Res.  Note  38. 

Duff,  G.  H.  and  N.  J.  Nolan. 

1953.  Growth  and  morphogenesis  in  the 
Canadian  forest  species.  I.  The  controls 
of  cambial  and  apical  activity  in  Pinus 
resinosa  Ait.    Can.   J.   Bot.   35:471-513. 

Gerrard,  D.  J. 

1969.  Competition  quotient:  a  new  measure  of 
the  competition  affecting  individual  forest 
trees.  Michigan  State  Univ.  Agric.  Exp. 
Stn.  Res.  Bull.  20.  East  Lansing,  MI.  32 
P- 

Hegyi,    F. 

1973.  A  simulation  model  for  managing  jack- 
pine  stands.  In  Growth  Models  for  Tree  and 
Stand  Simulation,  p.  74-90.  J.  Fries,  ed. 
Royal  College  of  Forestry,  Stockholm, 
Sweden. 

Hodges,    J.    D.    and  G.    L.    Switzer. 

1979.  Some  aspects  of  the  ecology  of  southern 
bottomland  hardwoods.  j[n_  North  America's 
Forests:  Gateway        to        Opportunity,        p. 

360-365.  1978  Joint  Conv.  of  Soc.  Am. 
Foresters  and  Can.  Int.  For.,  Soc.  Am. 
Foresters,    St.    Louis,    MO. 


Holsoe,  T. 

1947.   The  relation  of  tree  development  t  ){.b 
timing  of  the  first  thinning  in  even  f|ei 


hardwood    stands, 
l(2):20-25. 


Harvard 


For. 


Holsoe,  T. 

1948.   Crown  development  and  basal  area  g.' 
of  red  oak  and  white  ash.   Harvard  For. 
1(3): 28-33. 

Jobling,  J.  and  M.  L.  Pearce. 

1977.  Free  growth  of  oak.  Forestry  Cot 
sion  For.  Record  No.  113.  Her  Maje; 
Stationery  Office,  London.   17  p. 


Johnson,  E.  W. 

1973.  Relationship  between  point  is.A\  , 
measurements  and  subsequent  growth  lol 
southern  pines.  Auburn  Univ.  Agric. .  p, 
Stn.  Bull.  447.   Auburn,  AL.   109  p. 

Oliver,  C.  D. 

1978.  The  development  of  northern  red  oil  it 
mixed  stands  in  central  New  England,  lie 
Univ.  School  of  Forestry  and  Environmiir,  a] 
Studies   Bull.    No.    91.      New  Haven,    CT.        Ip, 

Oliver,    C.    D. 

1982.  Stand  development  —  its  usessjiifl 
methods  of  study.  In^  Forest  Successio  End 
Stand  Development  Research  in  the  Pa  oic 
Northwest,  p.  100-112.  J.  E.  Means,- jd. 
Oregon  State  Univ.,    Corvallis,    OR. 

Rast,    E.    D.,    D.    L.    Sonderman,    and   G.    L.    GaJn. 

1973.      A   guide    to    hardwood    log   grading.     vDA 

For.     Serv.     Gen.     Tech.     Rep.     NC-37.       '3p. 


Scholz,    H.    F. 

1948.  Diameter-growth  studies  of  norther 
oak  and  their  possible  silvicultural  i 
cations.        Iowa     State    J.     Sci.     22:421 

Smith,    H.    C.    and  N.    I.    Lamson. 

1983.  Precommercial         crop-tree        re 

increases  diameter  growth  of  Appala 
hardwood  saplings.  USDA  For.  Serv.  . 
Pap.   NE-534.      7  p. 


11- 
«|9. 


Wierman,    C.    A.    and  C.    D.    Oliver. 

1979.  Crown  stratification  by  specie  iin 
even-aged  mixed  stands  of  Douglas-  Ir- 
western    hemlock.       Can.    J.    For.    Res.    9  >% 


444 


MODELING  EFFECTS  OF  MID-ROTATION  FERTILIZATION 
ON  SLASH  PINE  PLANTATION 
DIAMETER  DISTRIBUTIONS  - 


2/ 


R.  0.  Lynch,  A.  V.  Mollitor,  and  N.  B.  Comerford  — 


Abstract. — In  1974,  The  Cooperative  Research  in  Forest 
Fertilization  (CRIFF)  program  established  II  fertilization 
experiments  in  mid-rotation  slash  pine  plantations  in  Flori- 
da, Georgia,  and  Alabama.  Factorial  combinations  of  nitrogen 
and  phosphorus  were  applied.  Trees  were  measured  at  0,  3,  5, 
and  8  years  after  treatment.  For  each  study  site  a  fertili- 
zer response  model  system  was  developed  to  predict  stand 
structure  changes  over  time  and  with  fertilizer  treatment. 
The  model  systems  have  two  major  components.  Changes  in 
stocking  are  related  to  initial  stocking  and  time.  Changes 
in  diameter  distributions  are  estimated  by  predicting  changes 
in  Weibull-distribution  b  and  c  parameters  associated  with 
changing  time  and  fertilizer  treatment.  The  models  may  be 
used  to  predict  fertilization  effects  on  stand  composition  by 
various  tree  product  classes.  Results  may  be  used  to  conduct 
economic  analyses  of  responses  on  sites  representative  of 
broad  soil  groups. 


INTRODUCTION 

or  nearly  20  years,  the  Cooperative  Research 

''jrest  Fertilization  (CRIFF)  program  at  the 

-V^sity  of  Florida  has  been  studying  two  basic 

ye   of  pine  plantation  fertilization:   time-of- 

iring  fertilization  and  mid-rotation  fertiliza- 

m      Many  young  plantings  respond  dramatically 

|osphorus  (P)  and  should  be  fertilized  as 

)^  to  planting  time  as  possible.   Many  sites, 

J^^r,  that  would  show  only  moderate  response  to 

rlj  P  fertilization  will  respond  favorably  to 

:r?en  (N)  and/or  N  +  P  fertilization  when  10  to 

yars  old.   This  mid-rotation  fertilization  can 

£!tractive  in  that  the  time  between  investment 

1  latum  is  considerably  less  than  an  entire  ro- 

1: 


Paper  presented  at  Southern  Silvicultural 
>erch  Conference,  Atlanta,  Georgia,  November 
5,1984. 

i  2/ 
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asticlan.  Assistant  Professor,  School  of 

n't  Resources  and  Conservation,  and 

3  tant  Professor,  Forest  Soils,  University 

lorlda,  Gainesville,  Florida. 


The  primary  objective  of  slash  pine  (Pinus 
elliottii  var.  elliottii)  plantation  management  on 
the  lower  coastal  plain  of  the  southeastern  U.S. 
had  for  many  years  been  production  of  fiber  for 
use  in  the  manufacture  of  pulp  and  paper.  More 
recently,  with  a  large  value  differential  between 
wood  used  for  fiber  and  wood  used  in  solid-wood 
products,  there  has  been  increased  interest  in 
developing  ways  to  increase  production  of  chip- 
and-saw  logs,  sawtimber,  and  veneer  logs  from 
slash  pine  plantations.  The  CRIFF  program  has 
many  mid-rotation  fertilization  experiments  that 
have  been  routinely  analyzed  to  determine  fertili- 
zation effects  on  total  volume  (fiber)  yields. 
Data  from  one  series  of  these  experiments  were  re- 
analyzed to  examine  fertilization  effects  on  stand 
structure  and  how  this  might  affect  yields  of 
trees  in  various  size  classes. 

This  paper  describes  the  stand  structure  mod- 
els and  provides  a  few  examples  of  how  fertiliza- 
tion affects  diameter  distributions.  The  paper  in 
these  proceedings  by  Dippon  and  Munson  Illustrates 
uses  of  the  models  in  economic  analyses. 
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METHODS 


Data  Base 


SPA^  =  SPAq  [exp  (-Yq  TIMeJ^)]  +  .5  M 


Eleven  mid-rotation  fertilization  experiments 
were  installed  in  1973  and  1974  in  slash  pine 
plantations  ranging  in  age  from  9  to  16  years. 
These  tests  spanned  a  wide  range  of  soil  and  site 
conditions.  At  each  location  an  N  x  P  factorial 
was  installed  in  a  randomized  block  design.  Three 
blocks  were  defined  as  high,  medium,  and  low  basal 
area  strata.  Four  rates  of  N  and  two  rates  of  P 
were  included  in  the  factorial: 


N  Rate 


P  Rate 


— lb.  element/acre — 


0 
100 
200 
400 


0 
100 


Three  replications  of  this  4x2  factorial  occu- 
pied 24  plots  at  each  location.  Diameters  of  all 
trees  were  measured  at  0,  3,  5,  and  8  years  after 
treatment. 

Four  of  the  11  study  sites  were  selected  to 
illustrate  operation  of  this  diameter  distribution 
model  system  (Table  1).  Test  B211  is  a  poorly 
drained  flatwoods  Spodosol.  B220  is  on  a  somewhat 
poorly  drained  soil  with  an  argillic  (clay)  hori- 
zon at  about  30  inches.  B227  is  on  a  very  poorly 
drained,  heavy-textured,  P-deficient  flat.  Test 
B230  is  on  an  excessively  drained  sandhill  site. 

Table  1. — Four  study  locations  used  to  illustrate 
diameter  distribution  model  system. 


Test 


Location 


Soil 


Initial 
Age 


B211  Nassau  Co.   FL  Typic  Haplohumod  16 

B220  Calhoun  Co.  FL  Grossarenic  Paleaquult  9 

B227  Gulf  Co.  FL  Typic  Albaquult  13 

B230  Madison  Co.  FL  Typic  Quartzipsamment  13 


Survival  Model 

A  separate  survival  model,  of  the  type  sug- 
gested by  Pienarr  and  Shiver  (1981)  was  developed 
for  each  location.  Because  no  large,  consistent 
effects  of  fertilization  on  survival  were  detect- 
ed, changes  over  time  in  the  number  of  living 
trees  per  acre  was  modeled  as  a  function  of  ini- 
tial stocking  and  time: 


where:   SPA  =  stems  per  acre  at  time 
n 

interest , 


SPA  =  initial  stems  per  acre, 


Y   and  y.    are  non-linear  regression  coe:- 
cients  derived  from  the  data,  j 

TIME  =  the  time  of  interest,  in  years,  jici 
treatment.  ' 


Regressions  were  conducted  on  log-transf  orme  lint 
and  stocking-change  data,  so  the  final  regi,;|oij 
equation  took  the  form: 


SPA  =  SPA   exp  (-exp  [  (In  y    )    + 
Y^  In  (TIME)^]}  +  .5   . 


Weibull  Distributions 

Diameter  distributions  on  each  plot  foljiicl 
time  were  described  by  using  a  two-parametei  l;i- 
bull  probability  function  to  calculate  the  p  jir- 
tion  of  trees  in  each  diameter  class  (Baili;;iDii 
Dell  1973).  The  probability  density  funct.col 
the  Weibull  distribution  for  random  variable  : si 


f(x)  =  (c/b)(x/b)^~^   exp[-(x/b)''],  x>« 


b  >0,  and  c  >  0. 


The  b  (scale)  and  c  (shape)  parameters  were  (jv 
ered  by  maximum  likelihood  estimation.   An  a  (J! 
initial  diameter  distribution  was  determined  fi 
each  location  by  calculating  initial  (time  0  j 
and  c  parameters  using  combined  data  from  ali| 
plots. 

For  each  location,  multiple  regression  (i 
used  to  model  changes  in  b  and  c  parameters  s: 
function  of  initial  parameter  value,  time.  Nil' 
ilization  rate,  and  P  fertilization  rate: 


^=^0-^^l''0^^2T^^3'^  +Y4NT+Y5 
+  Y^N^T  +  Y7NPT  +  Ygb^T, 


Sq  +  ^1^0  ■*■  ^2'^  +  63NT  +  8^PT  +  gj'I 


+  8^N  T  +  e^c^T, 
where:  n  =  years  since  fertilization, 
b_  =  initial  b  parameter, 
c  =  initial  c  parameter. 
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T  =  time  (years) , 

N  =  N  fertilization  rate, 

P  =  P  fertilization  rate,  and 

Y  and  6  are  regression  coefficients. 

0  each  location,  these  equations  may  be  used  to 
idict  Weibull  b  and  c  parameters  for  any  combi- 
ion  of  time,  N,  and  P. 

Diameter  Distributions 

By  combining  predicted  b  and  c  parameters 
ijh  predicted  stems  per  acre  from  the  survival 
del  in  an  equation  derived  from  equation  [3], 
h|  number  of  trees  per  acre  in  a  diameter  class 
a 


be  predicted  using  the  equation: 
TPA^  =  SPA^  [exp  (-id^/hf)   -   exp 


(-(d^/b)")] 


[6] 


where: 


TPA  =  trees  per  acre  in  diameter  class  d 
(midpoint  in  inches), 

SPA  =  total  stems  per  acre  at  time  n 
(years)  since  fertilization, 

d.  =  lower  limit  of  diameter  class, 

d„  =  upper  limit  of  diameter  class, 

b  =  predicted  value  of  b  parameter,  and 

c  =  predicted  value  of  c  paremeter. 

!  Diameter  distributions  were  calculated  for 

M Initial  conditions,  and  for  eight  years  after 

ri.tment,  both  without  fertilization  and  with  a 

£;.ilization  treatment  of  200  lb.  N  plus  100  lb. 

r  acre. 

RESULTS 

Survival  Model 

For  the  eight-year  period  after  fertiliza- 
Lcji,  mortality  ranged  from  4  to  14  percent  in  the 
n  examples  presented  (Table  2).  The  highest 
jtality  rate  was  observed  on  the  sandhill  site 
BIO).  The  initial  stocking  rates  and  regression 
deficients  given  in  Table  2  can  be  used  in  equa- 
te [2]  to  predict  stocking  at  any  time  up  to  8 
iss   after  initial  measurement. 


Table   2. — Initial   stocking,   regression  coeffi- 
cients, and  predicted  8th-year  stocking. 


Test 

SPAq 

In(Yo) 

^1 

SPAg 

B211 

485 

-3.828 

0.6569 

446 

B220 

509 

-3.387 

0.1072 

488 

B227 

663 

-3.337 

0.1460 

632 

B230 

476 

-4.630 

1.3390 

407 

B200  Series  Survival  Models 


Figure  1. — Predicted  survival  for  the  eight-year 
period  after  study  initiation. 


Weibull  Distributions 

The  Weibull  parameters  for  the  distributions  fit 
to  the  diameters  at  study  initiation  are  presented 
in  Table  3. 

Table  3. — Weibull  b  and  c  parameters  for  distribu- 
tions at  study  establishment. 


Parameter 


Test 


B211 

5.7079 

3.9840 

B220 

3.2340 

3.6971 

B227 

2.5141 

2.7586 

B230 

4.4871 

4.9684 
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These  initial  parameter  values  were  used  along 
with  selected  N  rates,  P  rates,  and  times  in  equa- 
tions [4]  and  [5]  to  predict  changes  in  b  and  c 
parameters.  Regression  coefficients  for  equations 
[4]  and  [5]  for  the  four  examples  are  provided  in 
Table  4. 

Table  4. — Regression  coefficients  for  predicting 
changes  in  Weibull  b  and  c  parameters. 


Example 

Number 

Coef . 

B211 

B220 

B227 

B230 

Equation 

[4] 

yO 

0.547 

-1.539 

-0.703 

0.910 

Yl 

0.938 

1.553 

1.362 

0.971 

y2 

4.853E-2 

0.452 

0.320 

-0.171 

y3 

-1.580E-3 

-2.154E-2 

-1.351E-2 

6.7  30E-3 

y4 

1.997E-4 

3.725E-4 

4.535E-4 

1.237E-4 

y5 

2.289E-4 

2.223E-4 

2.203E-3 

1.605E-4 

y6 

-2.521E-7 

-6.613E-7 

-1.159E-6 

1.763E-7 

y7 

-1.118E-9 

3.509E-6 

9.890E-7 

-1.521E-6 

y8 

1.137E-2 

-1.167E-2 
Equation 

-4.230E-2 
[5] 

4.104E-2 

00 

-0.548 

1.145 

0.602 

0.644 

61 

1.137 

0.833 

0.970 

0.976 

62 

7.927E-2 

-8.040E-2 

0.106 

0.154 

63 

1.719E-4 

-1.047E-4 

-4.002E-5 

-1.980E-4 

64 

3.600E-5 

1.391E-4 

1.415E-4 

4.088E-4 

65 

-3.351E-7 

-1.870E-6 

-7.670E-7 

-2.121E-6 

66 

-3.450E-7 

1.143E-7 

-1.737E-7 

l.OlOE-6 

67 

-3.216E-2 

1.963E-2 

-4.787E-2 

-5.671E-2 

Predicted  values  for  the  b  and  c  parameters  eight 
years  after  treatment,  both  with  and  without  200 
lb.  N  plus  110  lb.  P  per  acre,  are  illustrated  in 
Figure  2. 

In  these  four  examples,  predicted  values  of  c 
parameters  show  little  change  with  fertilization 
while  b  parameters  appear  more  sensitive.   Test 
B227  shows  the  greatest  change  in  the  b  parameter 
while  B230  shows  very  little.   Magnitudes  of  b 
parameter  change  for  tests  B211  and  B220  are 
intermediate. 


B    &c    C    PARMS    8    YR    AFTER    FER 

WITHOUT   ic   WITH   FERTILIZATION 


i<^; 


§ 


zs 


zK 


blX 


yS 


4S 


?§ 


m 


BF 

I 

/"\ 
/\ 


y\ 


^\ 

y\ 
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y\ 
/\ 
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/\ 
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/\ 
/\ 
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B220  B227 

CRIFF  TEST   NUMBER 


Figure  2. — Predicted  values  for  b  and  c  paramen 
with  and  without  fertilization  at  8  y  e  < 
after  treatment. 


Diameter  Distributions 

Combining  stocking  rates  and  parameter  va 
for  selected  times  and  rates  of  N  and  P  in  e 
tion  [6]  generates  predicted  stems  per  acre  j 
each  diameter  class  (Figs.  3  through  6).  Compnij 
son  of  distributions  at  establishment  with  dis  ^ 
butions  (non-fertilized)  after  eight  years  so 
that,  with  stand  development  over  time,  distr  li 
tions  tend  to  flatten  and  stretch  to  the  rli'll 
Comparisons  of  fertilized  and  non-fertilized  I'dj 
tributions  at  eight  years  show  similar  resi'L 
with  the  fertilized  distributions  having  gre 
maximum  diameters  but  fewer  stems  in  the  i  )| 
heavily  stocked  diameter  class.    In  accord* 
with  b  parameter  changes  with  fertilization,  i 
shift  in  diameter  distribution  is  dramatic 
B227,  intermediate  in  B211  and  B220,  and  miim 
in  B230. 

By  selecting  specified  diameter  limits  f 
various  product  classes,  these  equation  sysn 
can  be   used   to   predict   treatment  effects  j 
product  mix.   For  example,  if  7.5  inches  is  j 
lected  as  the  lower  diameter  limit  for  solid  I'j 
products,  the  number  of  trees  in  all  diamei 
classes  above  7  inches  can  be  summed  for  selec  :j 
treatments  (Fig.  7).   Increase  in  the   number 
large-diameter  trees  is  roughly  proportional 
change  in  the  b  parameter.   Among  these  exampJ- 
fertilization  increases  the  number  of  solid  ^i* 
product  trees  by  as  much  as  79  trees  per  a 
(B227). 
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SL7\SH    PINE    -    CRIFF    B21  1 

24   YEARS      FLATWOODS 


SLASH    PINE 


CRIFF   B227 


21    YEARS     WET  FLAT 


DIAMETER  CLASS   (Inches) 
ESTAB  +         ON-OP  »         200N— 100P 


re  3. — Predicted  diameter  distributions  on  a 
poorly-drained  Spodosol  at  study  establish- 
ment, and  8  years  after  establishment  with 
and  without  fertilization. 


SU\SH    PINE    -    CRIFF   B220 

17   YEARS      WET    ULTISOL 


Figure  5. — Predicted  diameter  distributions  on  a 
poorly-drained,  fine-textured  Ultisol  at 
study  establishment,  and  8  years  after  estab- 
lisment  with  and  without  fertilization. 


SLASH    PINE    -    CRIFF   B230 


21    YEARS      SANDHILL 


gt 


4. — Predicted  diameter  distributions  on  a 
somewhat  poorly-drained  coarse-textured  Ul- 
tisol at  study  establishment,  and  8  years  af- 
ter establishment  with  and  without  fertiliza- 
tion. 


Figure  6. — Predicted  diameter  distributions  on  an 
excessively-drained  Psamment  at  study  estab- 
lishment, and  8  years  after  establishment 
with  and  without  fertilization. 
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STEMS    OVER    7.5    INCHES    DBH 

EIGHT  YEARS  AFTER   FERTILIZATION 


CRIFF  TEST  NUMBER 

[771    CONT  rtXl     FERT 


Figure  7. — Difference  in  trees  per  acre  over  7.5 
inches  dbh  using  predicted  diameter  distri- 
butions for  fertilized  and  non-fertilized 
stands. 


usually  show  little  response  to  fertilization,  |1 
response  in  test  B230  was  only   about  50  ct 
feet  per  acre  after  eight  years.   Stand  struct 
was  changed  little  by  fertilization  (Fig.  6). 

These  model  systems  were  developed  to  evat 
ate  fertilization  effects  on  structure  of  si  i 
pine   plantations  growing  on  identifiable  si 
types.   By  quantifying  fertilization  influences 
product  mix,  more  detailed  economic  analyses 
these  investment  opportunities  are  possible, 
paper  in  these  proceedings  by  Dippon  and  Mumi 
provides  examples  of  financial  analyses  based  In 
these  models. 
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DISCUSSION 


The  CRIFF  program  has  had  success  in  relating 
total  volume  response  to  soil  characteristics. 
While  there  are  only  11  locations  in  this  series 
of  experiments,  and  the  data  base  is  far  too  small 
to  use  for  development  of  a  general  model  of  stand 
structure  response  to  fertilization,  by  classify- 
ing each  of  these  experiments  by  soil  type  these 
stand  structure  analyses  will  help  to  further  elu- 
cidate the  general  nature  of  fertilizer  response 
for  broad  soil  groups. 

Of  the  four  examples  presented  here,  test 
B211  is  on  a  typical  coarse-textured  flatwoods 
soil.  Total  eight-year  volume  response  to  200  lb. 
N  +  100  lb.  P  per  acre  was  about  500  cubic  feet 
per  acre  (CRIFF  1984).  This  response  is  reflected 
in  an  increase  of  about  5  to  10  trees  per  acre  in 
each  of  the  7-  to  10-inch  diameter  classes  (Fig. 
3). 

Total  volume  response  in  B220  —  on  a  coarse- 
textured  savanna  soil  —  was  about  370  cubic  feet 
per  acre.  Although  total  volume  response  was  less 
than  in  B211,  effect  on  stand  structure  was  great- 
er (Fig.  4)  because  the  stand  was  younger  (9  vs. 
16  years)  and  mean  diameter  was  smaller  at  time  of 
treatment. 

B227  typifies  the  dramatic  P  response  often 
observed  on  wet  flats.  Eight-year  response  was 
about  1400  cubic  feet  per  acre,  and  diameter  dis- 
tributions show  a  correspondingly  dramatic  change 
(Fig.  5)    In  contrast,  droughty  sandhill  sites 
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STEM  VOLUME,  VOLUME  RATIO,  AND  TAPER  EQUATIONS  FOR  SLASH  PINE  IN  THE  WEST  GULF  REGION^ 

2/ 
Richard  E.  Lohrey— 


Abstract. — Equations  are  presented  that  estimate:  total 
stem  volume  inside  or  outside  bark,  the  ratio  of  merchantable 
stem  volume  between  stump  height  and  any  upper  stem  diameter 
to  total  volume,  and  the  upper  stem  diameter  at  a  given  height. 
Separate  equations  for  trees  established  by  planting  and  those 
established  by  direct  seeding  are  compared. 


INTRODUCTION 

Slash  pine  (Pinus  elliottii  var.  elliottil 
Engelm.)  can  produce  high  volumes  of  wood  at  an 
early  age,  and  this  wood  is  an  excellent  raw 
(material  for  paper,  plywood,  and  lumber. 
Consequently,  slash  pine  has  been  extensively 
planted  and  direct-seeded  in  Louisiana  and  Texas, 
west  of  its  natural  range.   No  volume  tables  are 
available  for  trees  in  direct-seeded  stands. 
Moehring  and  others  (1973)  have  published  tables 
with  volumes  from  stump  height  to  specific  upper 
stem  diameters  for  planted  slash  pines  in  Texas. 
This  paper  presents  equations  to  estimate:   (1) 
total  stem  volume  inside  bark  (i.b.)  or  outside 
bark  (o.b.),  (2)  the  ratio  of  merchantable  stem 
volume  to  total  volume,  and  (3)  taper  functions 
ito  estimate  stem  diameter  i.b.  or  o.b.  at  any 
|height  for  artificially  regenerated  slash  pines. 


METHODS 

I    Sample  trees  were  selected  from  a  wide  array 
of  sites,  ages,  stand  densities,  and  silvi- 
:ultural  treatments  on  National  Forest  and 
Industrial  lands.   Only  sound  trees  that  did  not 
fork  were  measured.   The  oldest  direct-seeded 
stands  available  were  only  26  years  old  while 
slanted  stands  ranged  up  to  48  years.   On  the 
jverage,  the  planted  trees  were  older,  taller, 
ind  larger  in  diameter  than  direct-seeded  ones. 
)irect-seeded  stands  had  more  trees  per  acre,  but 
;he  basal  area  density  and  site  index  were  simi- 
.ar  for  stands  established  by  the  two  methods. 


—  Paper  presented  at  the  Third  Biennial 
outhern  Silvicultural  Research  Conference, 

j.tlanta,  Georgia,  November  7-8,  1984. 

2/ 

—  Research  Forester,  USDA  Forest  Service, 

outhern  Forest  Experiment  Station,   Plnevi^e, 
ouisiana  71360. 


Characteristics  of  the  stands  and  sampled  trees 
are  given  in  tables  1  and  2.  Tables  3  and  4  show 
the  distribution  of  sampled  trees  by  site  index 
and  age  classes,  and  tables  5  and  6  give  their 
distribution  by  diameter  and  total  height. 

Table  1. — Characteristics  of  sample  stands 


Item  :  Unit 


Planted  stands 
Mean   :  Range 


Direct-seeded 

stands 

Mean   :  Range 


Site 

index 

(25)    Feet 


Age 


Years 


60     31-78 
31     12-48 


59     30-70 
19     13-26 


Trees/ 

acre  Number   468   51-2,186   1,096   330-3,580 

BA/        , 

acre  Feet     119    48-217     132    17-204 


Table  2. — Characteristics  of  sample  trees 


Planted  trees 
(n=201) 


Item 


Unit 


Mean 


Range 


Direct-seeded 
trees  (n=266) 
Mean  :   Range 


8.2  2.2-19.1 

59  20-110 

31  12-48 

LCR  -    Percent   33  11-60 


D.b.h.  Inches 

Height  Feet 

Age  Years 

1/ 


5.7  1.3-12.1 

46  12-76 

19  13-26 

36  11-58 


1/  LCR  =  Live  crown  ratio 
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Table  3. — Distribution  of  planted  sample  trees  by 
site  index  and  age  classes 


Site  index  (25) 


Age  class 


<49 


50-65 


>66 


Row 
total 


— Years —  Number  of  trees 

<2h  9              18                57                84 

25-40  27               27                 16                 70 

>41  6              28                13                47 


Total 


42 


73 


86 


201 


Table  4. — Distribution  of  direct-seeded  sample 
trees  by  site  index  and  age  classes 


Age 

:      Site  index  (25) 

:   Row 

class 

:   <49   :   50-65   :   >^66 

:   total 

-Years- 

<X5 

16-21 

>22 

Total 


-Number  of  trees- 


21       37        10 

17       13        42 

7       98        21 


68 

72 

126 


45 


148 


73 


266 


Diameters  o.b.  and  i.b.  were  measured  at  hei  ;;:•  ql 
of  0.5,  2.0,  and  4.5  feet  and  at  5-foot  interv  ili 
above  4.5  feet.  Shorter  intervals  were  used  wiire 
stem  taper  was  extreme  or  irregular,  such  as  h.; 
in  the  crown.  Total  height  was  also  recorded 
each  tree.  Stem  volumes,  both  i.b.  and  o.b.,  >!• 
tween  measurement  points  were  calculated  usingij 
Smalian's  formula.  The  tip  of  the  stem  was 
treated  as  a  cone.  Volumes  for  all  sections  w 
summed  to  determine  total  stem  volume. 


ANALYSIS  OF  DATA 

Data  from  the  201  planted  and  266  direct- 
seeded  trees  were  analyzed  by  linear  and  nonlii 
[modified  Gauss-Newton  (SAS  Institute  1982)] 
regression  methods.   Initial  use  of  weighted 
linear  models  to  estimate  stem  volume  gave  unsinj 
isfactory  results.   They  either  failed  to  stab:lr 
lize  the  variance,  a  basic  assumption  in 
regression  analysis,  or  left  trends  in  the  resjj 
uals.   Logarithmic  transformation  of  the  model 
suggested  by  Schumacher  and  Hall  (1933)  stabi- 
lized the  variance  and  eliminated  trends  in  the 
residuals.   Their  model  was  used  to  estimate 
total  stem  volume  in  this  study. 


Table  5. — Distribution  of  planted  sample  trees  by  diameter  and  height 

Diameter    : 

at  4.5  feet  :  20  :  30  :  40  :  50  :  60  :  70  :  80  :  90  :  100  TTlO"  :  Total 


Total  height  (feet) 


Inches- 


2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 


Total 


17 


-Number  of  trees- 


1 

2 

2 

6 
3 

5 

4 
9 
6 
4 

2 

10 

5 

3 
5 

2 

1 

4 

7 

9 

3 

2 

4 

13 

3 

2 

2 

4 

8 
6 
3 

7 
6 
4 
3 
2 
1 
1 

1 
7 
3 
2 
2 
1 
1 

2 

1 

1 
1 
3 

2 

0 

2 

1 

31   32   47   32 


21 


10 


3 

12 

14 

24 

16 

24 

24 

22 

20 

11 

6 

8 

2 

5 

2 

3 

1 

4 


201 
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Table  6. — Distribution  of  direct-seeded  sample  trees  by  diameter  and  height 


Diameter 

Total  height 

(feet) 

; 

at  4.5  feet 

10 

20 

30 

40 

:   50 

: 

60   : 

70   • 

80   : 

Total 

—    T  i-»/^V»/^*-.    — 

.M.tmK/-.  -v 

of 

1 

1 

1 

2 

3 

7 

10 

20 

3 

7 

18 

6 

31 

4 

5 

7 

17 

10 

39 

5 

6 

18 

17 

2 

43 

6 

13 

16 

9 

38 

7 

9 

'  12 

14 

2 

37 

8 

1 

5 

17 

2 

25 

9 

12 

6 

1 

19 

10 

4 

7 

11 

11 

1 

1 

12 

1 

1 

Total 


19 


41 


64     60 


59 


266 


A  merchantable  volume  to  total  volume  ratio 
equation  was  computed  from  sample  tree  data.   The 
predicted  ratios  may  be  used  to  estimate  merchan- 
table volume  to  any  desired  utilization  limit  or 
standard  from  predicted  total  stem  volume. 
Several  ratio  models  were  considered.   Burkhart 
(1977)  described  a  three-parameter  nonlinear 
model.   His  model  may  predict  negative  volume 
ratios  as  the  upper  stem  diameter  limit 
approaches  d.b.h.   VanDeusen  and  others  (1981) 
developed  a  two-parameter  exponential  model  that 
does  not  predict  negative  ratios.   Parresol 
(1983)  added  a  third  parameter  to  VanDeusen's 
exponential  model  with  good  results,  and  based  on 
these  results,  Parresol 's  model  was  selected  for 
use  here. 

I      It  is  recognized  that,  logically,  total 
stem  volume  equations  and  stem  taper  functions 
should  be  compatible.   In  fitting  data  to  models, 
however,  volume  equations  are  fitted  to  optimize 
volume  predictions  whereas  taper  equations  are 
fitted  to  optimize  diameter,  or  sometimes  height, 
predictions.   The  equation  that  is  best  for  esti- 
mating upper  stem  diameters  is  not  necessarily 
■best  for  estimating  stem  volume. 


RESULTS 

Stem  Volume 

The  Schumacher  and  Hall  (1933)  model  used 
to  estimate  stem  volumes  is: 


V  =  b^D^2H^3 


(1) 


where:   V  =  estimated  total  stem  volume  (cubic 
feet)  from  a  6-inch  stump  to  the 
tip, 

D  =  d.b.h.  (inches)  o.b., 

H  =  total  height  (feet), 

b  ,  b  ,  b  =  coefficients  estimated  from  the 
data. 

The  model  was  converted  to  a  linear  form  by 
logarithmic  transformation: 


j     Separate  sets  of  coefficients  were  deter- 
mined for  planted  and  direct-seeded  trees  and 
also  for  the  combined  data.   Differences  between 
the  regression  lines  for  the  two  stand  origins 
*ere  evaluated  by  the  general  linear  test  proce- 
lure  described  by  Neter  and  Wasserman  (1974). 
Their  approach  tests  the  equality  of  two 
regression  functions  but  does  not  compare  their 
slopes  or  intercepts. 


ln(V)  =  ln(bj,)  +  b2ln(D)  +  b3ln(H)     (2) 


or     ln(V)  =  b'  +  b  ln(D)  +  b-ln(H) 


where:  In  =  natural  logarithm, 

b'  =  ln(b  )  +  correction  for  bias. 
1       1 


(3) 


The  transformed  model  was  solved  by  linear  least- 
squares  techniques  (SAS  Institute  1982). 


J 
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When  logarithmic  estimates  are  converted 
back  into  their  original  units  of  measure,  the 
new  estimates  are  biased.   The  antilogarithm  of  a 
logarithmically  transformed  variable  gives  the 
geometric  instead  of  the  arithmetic  mean  (Finney 
1941,  Flewelling  and  Pienaar  1981).   A  correction 

factor  was  computed  and  the  b'  coefficient  in- 

1 

eludes  an  adjustment  to  compensate  for  this  bias. 
The  adjustment  followed  procedures  recommended  by 
Baskerville  (1972)  and  Yandle  and  Wiant  (1982). 
Other  coefficients  do  not  require  adjustments. 


Coefficients  for  the  stem  volume  equations  are 
given  in  table  7.  , 

I 
Merchantable  Volume  Ratio 

The  merchantable  volume  of  a  tree  equal; 
the  product  of  the  merchantable  volume  to  tot;  ] 
volume  ratio  and  the  total  stem  volume  of  the 
tree.   Thus,  the  combination  of  total  stem  vo]  Jji 
equations  and  volume  ratio  equations  make  it 
possible  to  accurately  estimate  the  merchantall 
volume  i.b.  or  o.b.  to  any  upper  stem  diametei'i 


1/ 


Table  7. — Regression  coefficients  for  total  stem  volume  equations— 


2/ 
Component- 


Parameter  estimates 


Statistics 


3/ 


b' 


F.I. 


y.x 


C.V. 


Planted  trees 


TVob 
TVib 


TVob 
TVib 


-5.41584 
-6.93385 


-5.16490 
-7.00109 


2.08097 
2.07195 


0.84544 
1.13645 


Direct-seeded  trees 


2.03533 
1.98146 


0.80591 
1.19639 


0.99 
.99 


.99 
.99 


1.46 
1.83 


.43 
.44 


8.86 
14.86 


7.56 
11.21 


Combined  data 


TVob 
TVib 


-5.23479 
-6.96711 


2.05779 
2.02254 


0.81353 
1.16941 


.99 
.99 


1.13 
1.24 


10.94 
16.52 


yThe  model  is:   ln(V)  =  b'^  +  b^  ln(D)  +  b^  ln(H) 

3 

where:  V  =  predicted  stem  volume  in  ft  , 

D  =  d.b.h.  (inches)  o.b., 
H  =  total  height  (feet),  and 
b',  bp,  and  b^  =  coefficients  estimated  from  the  data. 

2/  3 

—  TVob  =  total  stem  volume  (ft  )  from  a  6-inch  stump  to  the  tip,  o.b. 

3 

TVib  =  Total  stem  volume  (ft  )  from  a  6-inch  stump  to  the  tip,  i.b. 

-^F.I.  =  fit  index  =  {  l-[ Z(Y^-Y^)^] / [ Z(Y^-Y) ^] } 

3 
where:   Y  is  in  the  original  units  (ft  ). 

3 
S    =  standard  error  in  the  original  units  (ft  ). 
y.x  *"  ^    ' 

C.V.  =  coefficient  of  variation  in  percent. 
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Stem  volumes  (i.b.  and  o.b.)  to  various 
ipper  stem  diameters  were  used  to  calculate 
iquation  coefficients  for  the  volume  ratio  model 
ised  by  Parresol  (1983).   The  model  is: 


stem  taper  functions  are  given  in  table  9. 


COMPARISONS  BETWEEN  STAND  ORIGINS 


R  =  EXP  [bj  (d^^/n^^)] 


(4) 


where:   R  =  estimated  ratio  of  merchantable. 

volume  to  total  stem  volume  (ft  ), 

d  =  upper  stem  diameter  i.b.  or  o.b. 
(inches) , 

D  =  d.b.h.  (inches)  o.b., 

EXP  =  exponential  function,  and 

,  b„,  and  b^  =  coefficients  estimated  from  the 
data. 


The  data  were  fitted  by  nonlinear  least 
quares  methods  (SAS  Institute  1982). 
^efficients  for  the  stem  volume  ratio  equations 
re  given  in  table  8.   The  MVob/TVob  ratio  in 
ible  8  can  be  used  to  estimate  volume  o.b.  to  a 
Lven  diameter  o.b.   and  the  MVib/TVib  ratio  in 
16  same  table  can  be  used  to  estimate  volume 
.b.  to  a  given  diameter  i.b. 

Taper  Function 

A  tree  stem  taper  function  can  be  used  to 
^tlmate  the  diameter  at  a  given  height  on  the 
•ee.  These  functions  are  extremely  valuable  to 
irest  managers  planning  to  market  their  timber 
I  maximize  product  values. 


Regression  lines  for  stem  volume,  merchan- 
table volume  ratios  and  stem  taper  were  tested, 
and  in  each  comparison  the  difference  in  the 
regression  lines  between  the  two  stand  origins  was 
statistically  significant  at  the  0.05  level.   The 
differences  in  predicted  volume  between  planted 
and  direct-seeded  trees  were  small  for  trees  12 
inches  or  less  in  diameter.   Predictions  were 
higher  for  planted  than  direct-seeded  trees  more 
than  12  Inches  d.b.h.   Since  the  largest  direct- 
seeded  tree  samples  was  only  12.1  inches  d.b.h., 
important  differences  in  volume  per  tree  occurred 
beyond  the  range  of  data  for  direct-seeded  trees. 
Readers  may  use  equation  coefficients  in  tables  7, 
8,  and  9  that  apply  to  their  particular  situation 
or  those  for  the  combined  data  that  are  more 
universally  applicable. 


EXAMPLE 

The  following  is  an  example  of  how  to  esti- 
mate the  total  stem  volume  i.b.,  merchantable 
volume  o.b.  to  a  4-inch  top  o.b.,  and  volume  i.b. 
from  a  6-inch  stump  to  a  height  of  17  feet  in  a 
planted  tree  with  a  d.b.h.  of  12.0  inches  and 
total  height  of  80  feet.   Total  stem  volume  i.b. 
and  o.b.  can  be  estimated  from  equation  3  and 
regression  coefficients  in  table  7.   Volume  i.b. 
is  computed  first. 


In(TVib)  =  h\  +  h^   ln(D)  +  b3ln(H) 


The  taper  model  used  was  one  described  by 
llx  and  Burkhart  (1976).   The  model  is: 


bi(X-l)+b2(X^-l)+b3(ai-X)^Ij+  b4(a2  -X)^l2  (5) 


i 


«:  l^   . 


1,  if  X  £  a  , 
0,  if  X  >  a  , 


1.2 


'  stem  diameter  i.b.  or  o.b.  (inches)  at  any 
f    given  height,  h, 
)  =  d.b.h.  (inches)  o.b., 
'^   =  h/H, 

■  height  (feet)  at  which  diameter  is  to  be 
determined  (_<  H) , 
i  =  tree  total  height  (feet), 
.=  join  points  estimated  from  the  data,  and 

|.=  coefficients  estimated  from  the  data. 


TVib  =  EXP  [-6.93385  +  2.07195  ln(12.0) 
+  1.13645  ln(80)] 

TVib  =  EXP  [-6.93385  +  2.07195  (2.48491) 
+  1.13645  (4.38203)] 

TVib  =  EXP  [3.19470] 

TVib  =  24.40  ft"^. 

Total  volume  o.b.  would  be: 


In(TVob)  =  h\  +   b2ln(D)  +  b3ln(H) 


TVob  =  EXP  [-5.41584  +  2.08097  ln(12.0) 
+  0.8544  In  (80)] 

TVob  =  EXP  [-5.41584  +  2.08097  (2.48491) 
+  0.84544  (4.38203)] 

TVob  =  EXP  [3.45992] 
TVob  =  31.81  ft^. 


The  data  were  fitted  by  nonlinear  least 
s  ares  (SAS  Institute  1982).   Coefficients  for 
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1/ 


Table  8. — Regression  coefficients  for  volume  ratio  equations— 


Ratlo^' 

:        Parameter  estimates 

:   Statistics— 

■■           \ 

:    b^     :    b3 

:  F.l.   :   S 

y.x 

Planted  trees 

MVob/TVob 

-1.17608 

'5.27997     5.14066 

0.97    0.05 

MVib/TVib 

-12.68894 

5.96264     6.40722 

.95     .07 

Direct-seeded  trees 


MVob/TVob 
MVib/TVib 


-.88587 
-10.54772 


5.05297 
5.97395 


4.79322 
6.31583 


.97 
.94 


.05 
.08 


Combined  data 


MVob/TVob 
MVib/TVib 


-.99243 
-11.56724 


5.15647 
5.96343 


4.94987 
6.36241 


.97 
.95 


.05 
.07 


1/  ^  b   b 

—  The   volume  ratio  model  is:   R  =  EXP  [b^(d  ^/d  ^)] 


where:  R  =  ratio  of  merchantable  to  total  cubic  foot  volume, 
d  =  upper  stem  merchantable  limit  (inches)  —  o.b. 

for  o.b.  ratios,  i.b.  for  i.b.  ratios, 
D  =  d.b.h.  (inches)  o.b.,  and 
b,,  hy,    and  b  =  coefficients  estimated  from  the  data. 

2/ 

—  MVob  =  merchantable  volume,  o.b. 

MVib  =  merchantable  volume,  i.b. 

TVob  =  total  volume,  o.b. 

TVib  =  total  volume,  i.b. 

-^F.I.  =  fit  index  =  {i-[Z(Y^-Y^)^]/[J:(Y^-Y  )^]  } 


S    =  standard  error  in  the  original  units. 

y.x  ° 
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1/ 


Table  9. — Regression  coefficients  for  stem  taper  functions- 


Dependent.  , 
variables- 


Parameter  estimates 


Statistics' 


3/ 


F.I. 


y.x 


2  ,  2 
dob„/D, 

dlb  /D 


-12.50173 
-A. 85915 


6.17966 
2.34782 


Planted  trees 

-6.04321   200.32062   0.93018 
-2.55001   199.97796    .83659 


0.06492 
.04855 


0.95   0.10 
.95     .06 


2   2 
dob2/D2 

dlb  /D 


-2.36460 
-4.16548 


0.62703 
1.99603 


Direct-seeded  trees 

-0.38862   168.50675   1.22788     .07481 
-2.23061   168.51571    .81647     .05586 


.95 
.95 


.12 
.06 


2   2 
dob  /D 

dib  /D 


-12.52111 
-  4.48947 


6.16723 
2.16025 


Combined  data 

-5.97927   172.18416    .93531 
-2.38087   182.85719    .82634 


.07178 
.05231 


.95 
.95 


.11 
.06 


1/  The  model  is; 


d^   ^  b  (X-1)  +   b2(X^-l)  -I-  bjCa^-X)^!^  +  b^Ca^-X)^!^ 

2 
D 


where:   I  = 


1,  if  X  _<  a 
0,  if  X  >  a. 


1  =  1,2 


d  =  stem  diameter  i.b.  or  o.b.  (Inches)  at  any  given  height,  h, 

D  =  d.b.h.  (Inches)  o.b., 

X  =  h/H, 

h  =  height  (feet)  at  which  diameter  is  to  be  determined  (<_   H) , 

H  =  tree  total  height  (feet), 
^1  =  join  points  estimated  from  the  data,  and 
°i  =  coefficients  estimated  from  the  data. 


2/  dob  =  diameter  o.b.  at  any  given  height,  h 
dib  =  diameter  i.b.  at  any  given  height,  h 
D  =  d.b.h.  (Inches)  o.b. 


—.2 


1/   F.I.  =  fit  index  =  {l-[I(Y^-Yp  ]/[I(Y^-Y)  ]} 


where: 


,.^ 


)  and  y  =  d 
2       11 


S    =  standard  error  in  original  units, 
y.x  ° 
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The  ratio  of  merchantable  volume  o.b.  (to 
a  A-lnch  top)  to  total  volume  o.b.  is  estimated 
using  equation  4  and  regression  coefficients  from 
table  8. 

b        b 
2/r,    3> 


R   =  EXP    [b^(d    ^IV)   ^)] 


R   =  EXP 


l.u 


5.27997  5.14066"] 

608    (4.0  /12.0  ll 


R  =  EXP 


bl. 17608  (1, 


509.59559/352 


,942iJ 


R   =  EXP    [-0.00503] 

R   =  0.9950. 

The  merchantable  volume  o.b.  is  the  pro- 
duct of  total  volume  o.b.  and  the  merchantable 
volume  ratio. 

MVob  =  R  X  TVob 

MVob   =  0.9950   x   31.81    ft    . 

MVob   =   31.65      ft'^. 

Use  equation  5  and  coefficients  from  table 
9  to  determine  diameter  i.b.   17  feet  above  the 
ground. 


^  =  bj(X-l)  +  b2(X^-l)  +  b3(aj-X)^I.  +  b^(a2-X)^l2 
D 


2  2 

J   =  -  4.85915(1^  -  1)  +  2.34782(^  -  1) 

12. 02  80  ^802 


2.55001(0.83659  -  il)2  (l) 
80 


+  199. 97796(. 04855  -  iZ  )2(0) 
80 


144.00 


=  3.82658  -  2.24180  -  0.99321  +  0.0 


•^^^^ =  0.59158 

144.00 

d^  =  144.00  X  0.59158 
d  =  9.2. 


The  ratio  of  merchantable  volume  i.b. 
9.2  inch  top  diameter  i.b.  to  total  volume  i. 
is  determined  from  equation  4  and  regression 
coefficients  from  table  8. 


|bj(d  ^/D  ^ll 


R  =  EXP  lb,(d   /D 


Eu. 


5.96264     6.40722 
68894  (9.2       /12.0 


thtl 


R  =  EXP 

R  =  EXP    [-12.68894    (558,110/8,213,943)] 

R  =  EXP    [-12.68894    (.06795)] 

R  =  EXP    [-0.86216] 

R  =  0.4223. 

Merchantable  volume  i.b.  to  the  same 
9.2-inch  top  diameter  i.b.  is  the  product  of 
ratio  and  stem  total  volume  i.b. 

MVib  =  R  X  TVib 

MVib   =  0.4223   x   24.40   ft"^ 
MVib   =   10.30    ft^. 


CONCLUSION 

The  equations  presented  here  provide  the  t 
reader  with  a  means  to  estimate  the  total  or 
merchantable  volume  i.b.  or  o.b.  of  slash  pinesn 
established  by  planting  or  direct  seeding. 
Readers  can  also  estimate  stem  diameter  i.b.  or 'i 
o.b.  at  any  height  on  the  bole.   These  results  ' 
should  be  applicable  throughout  the  West  Gulf 
Region  where  slash  pine  has  been  extensively 
planted  and  direct-seeded. 
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SURVIVAL  CURVES  FOR  UNTHINNED  AND  EARLY-THINNED  DIRECT-SEEDED  SLASH  PINE  STANDS^' 


1/ 


V.C.  Baldwin,  Jr 


2/ 


Abstract. — Survival  data  from  repeated  measurements  of 
158  unthlnned  and  precommercially-thlnned  direct-seeded  slash 
pine  (Pinus  elliotti  Engelm.)  plots  were  analyzed  for  predic- 
table relationships  between  type  of  thinning,  post-thinning 
density,  and  stand  age.   Types  of  thinning  included  select, 
row,  and  a  combination  of  the  two.   These  data  provided  489 
measurements  of  survival  over  2  to  5  year  time  periods  from 
stand  ages  1  through  20  years.   Survival  equations  for  use 
in  row-seeded  stands,  and  in  unthinned,  selectively  thinned, 
and  row-thinned  broadcast-seeded  stands,  are  presented  and 
discussed. 


INTRODUCTION 

Thousands  of  acres  of  pine  stands  have  been 
established  by  direct-seeding  throughout  the 
South.   Some  have  been  precommercially  thinned, 
but  in  i:he  many  that  have  received  no  thinnings, 
overstocking  is  common.   In  general,  there  is 
little  published  quantitative  information 
available  about  survival  patterns  in  managed 
direct-seeded  pine  stands.   This  study  analyzes 
survival  using  data  from  studies  in  both 
unthinned  and  precommercially  thinned  direct- 
seeded  slash  pine  (Pinus  elliottii  Engelm.) 
stands  established  on  cutover  sites   in  the  West 
Gulf  Region.   The  objective  was  to  develop  a  sur- 
vival function  that  would  accurately  predict  sur- 
vival in  stands  similar  to  those  studied. 


DATA 

Survival  data  were  obtained  from  remeasure- 
ments  of  eight  long  term,  direct-seeded  slash 
pine  studies—  .   The  study  plots  are  located  in 
Natchitoches  and  Rapides  Parishes  in  central 
Louisiana  and  in  Washington  Parish  in  southeast 
Louisiana.   The  studies  were  established  to 
provide  data  for  estimating  growth  and  yield  of 
slash  pine  under  various  seeding  and/or  early 
thinning  treatments.   The  trees  were  broadcast- 
seeded  or  seeded  in  rows.   Many  were  thinned  pre- 
commercially using  the  selection  technique, 
mechanically  row-thinned,  or  row-thinned  in  com- 
bination with  immediate  or  deferred  selective 


\J   Paper  presented  at  Southern  Silvicultural 
Research  Conference,  Atlanta,  Georgia,  November 
7-8,  1984. 

2J   Principal  Mensurationist ,  Southern 
Forest  Experiment  Station,  Pineville,  Louisana 
71360 


thinning.   Calculated  Site  Index  (base  age  15) 
for  the  study  plots,  using  Lohrey's  (1984) 
equation,  ranged  from  20  to  58  feet  overall  and  li 
averaged  40  feet.   Table  1  summarizes  basic 
information  about  these  data.  The  158  repeatedld 
measured  plots  provided  a  total  of  489 
"survival-change"  observations  ranging  from  ageae 
1  to  22  years. 

A  specific  record  of  rust-associated  mor- 
tality was  not  kept.   Every  effort  was  made  wheni* 
the  studies  were  installed  to  avoid  heavily  rustf 
infected  stands,  and  in  the  precommercial 
thinning  studies,  rust-infected  trees  were 
removed  whenever  possible.   Results  of  this  ana-i 
lysis  indicate  there  was  no  catastropic  mortalitl' 
on  any  of  the  plots  and  it  is  reasonable  to 
assume  rust  infected  trees  never  exceeded  10  pert 
cent  of  the  total  number  of  trees  in  any  of  the  r 
stands  measured. 


MODELING  SURVIVAL 

The  total  data  set  was  divided  into  nested 
subsets  based  on  the  type  of  treatment  received.! 


3_/  These  studies  were  all  installed, 
remeasured  and  are  currently  maintained  by 
Richard  E.  Lohrey,  Silviculturist ,  with  the 
Southern  Forest  Experiment  Station,  Pineville, 
Louisiana.  Utilization  of  his  data  for  this  ana- 
lysis is  gratefully  acknowledged. 
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Table  1. — Direct  seeded  slash  pine  studies  for  the  West  Gulf  Region 


:  Post      : 

:   No 

.  of 

:  No. 

:   When 

:    Measured 

Age  at 

:  Initial 

:  thinning  ,: 
:  density  —  : 

-,  rsurv] 

Lval 

re- 

:  of 

Stu 

dy 

:  seeded 

:    at  ages     : 

thi 

nning 

:  densities 

Treatment (s)—  rmeasurements 

:  plots 

rp 

/acre 

lear  

- — irees 

1 

1962 

1,3,10,15,20 

- 

621-4150 

- 

S  - 

0 

72 

21 

2 

1962 

9,15,20 

- 

390-650 

- 

s  - 

0 

7 

11 

3 

1959 

3.8,12,17,22 

3 

5584 

500-4200 
(5090) 

s  - 

0,1,2,3,4 

144 

36 

4 

1964 

6,8,11,14,17 

- 

395-3546 

- 

R  - 

0 

72 

18 

5 

1966 

5,8,11,14 

- 

608-4263 

- 

R  - 

0 

54 

18 

6 

1964 

4,9,13,18 

4 

2600-5280 

500-2800 
(3673) 

S  - 

0,1,2 

50 

18 

7 

1968 

5,8,11,14 

- 

588-4249 

- 

R  - 

0 

54 

18 

8 

1968 

3,8,13 

3 

4290-7270 

500-4700 
(6327) 

S  - 

0,1.2 

36 

18 

1/  Numbers  in  parentheses  (  )  are  average  densities  of  unthinned  control  plots. 
2/  S  =  broadcast-seeded,  R  =  row-seeded; 

0  =  no  thinning, 

1  =  selective— thinning, 

2  =  row-or  strip-thinning, 

3  =  row-thinning  followed  immediately  by  selective-thinning  of  residual  trees  within  the  rows, 

4  =  row-thinning  followed  by  selective-thinning  of  residual  trees  within  rows  five  years  later. 

The  schematic  below  illustrates  this  allocation: 

(A)  All  data  combined  (n=489) 


(B)  Unthinned  stand  data  (n=284)   (C)  Thinned  stand  data  (n=205) 


(D)  Unthinned,     (E)  Unthinned.   (F)  Selectively  thinned,  (G)  Row-thinned, 

broadcast         row-seeded      broadcast-seeded        broadcast-seeded 
seeded(n=104)      (n=180)  (n=103)  (n=102) 

where  n  designates  the  number  of  "survival-change"  observations  in  each 
data  set. 


For  this  analysis,  all  row-thinning  data 
were  grouped  together,  even  if  there  had  been 
partial  selective-thinning  within  the  rows  of 
jresldual  trees. 

Numerous  model  forms  were  then  fitted  to  the 
idata.   None  of  the  models  tried  were  clearly 
superior.   However,  the  model  used  by  Clutter  and 
Jones  (1980),  fit  the  data  well  in  most  cases, 
t  is: 

1/6, 


TS,  =  [TS,   °  +  3,   (A,   ^  -  A,  ^  )] 


0 


1 


1 


'1 


Vhere 


TS 


TS2  =  Initial  and  projected  trees  survi- 
ving per  acre,  respectively. 
.  A2  =  Initial  and  projected  age, 
respectively, 
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B   3  .  3    =  Coefficients  estimated  from  the 
data. 

This  model  had  the  desirable  mathematical  pro- 
perties that  when  A  equaled  A  ,  TS   equaled  TS 
^  12     1  2 

and,  when  fitted  to  the  data,  3  was  always  nega- 
tive and  both  3  and  3  were  positive,  thus 

1       2 

insuring  that  as  A  approached  infinity,  TS 

approached  zero.   The  fitting  was  done  using  the 
Statistical  Analysis  System  nonlinear  regression 
procedure  NLIN  with  the  Marquardt  Technique 
option  (SAS  Institute  1982).   The  resulting 
equations  were  labeled  A  to  G  corresponding  to 
the  data  sets  (A)  through  (G). 


Equation  coefficients  and  some  supporting 
statistics  are  presented  in  table  2.   In  addition, 
the  graphs  in  figures  1  and  2  visually  summarize 
how  well  equation  D  (the  worst  fitting)  and 
equation  E  (the  best  fitting)  fit  their  data. 
All  other  fits  were  between  these. 


After  the  equations  were  developed,  they 
were  graphed  in  two  dimensions,  by  fixing  TS 


at 


various  reasonable  values,  to  look  at  model 
trends  and  differences.   Figures  3  and  4  show  the 
survival  trends  predicted  by  the  various 
equations,  given  1,200  trees  per  acre  surviving  at 
age  5.   The  trends  and  relative  positions  of  the 
curves  did  not  change  when  TS  was  varied 

between  800  and  2,000  trees  per  acre. 

Table  2. — Coefficients  and  supporting  statistics  for 

TS2  =  [TSj^    +  e^   (A2    -  Aj   )]       to  seven 


DISCUSSIONS  AND  CONCLUSIONS 

The  data  for  this  analysis  were  taken  fi 
studies  in  which  one  primary  objective  was  tc 
test  hypotheses  of  equality  of  growth  and  yie 
response  with  respect  to  application  of  varic 
management  treatments  of  direct-seeded  slash 
stands.   Much  variability  with  respect  to  tre 
ments,  initial  and  post-treatment  density,  ap 
site  quality  was  purposefully  built  into  the 
dies.   These  equations,  nevertheless,  did  ace 
for  at  least  87  percent  of  the  variability  in 
cases,  and  prediction  bias  (%  DIFF)  did  not 
exceed  6  percent  in  any  case,  except  for 
unthinned,  broadcast-seeded  stands,  and  avera 
3.7  percent  for  all  seven  equations. 


the  fitting  of  the  model— 
direct-seeded  slash  pine  data  sets. 


:Equation 

Coefficients 

Fit 

statistics±.' 

e        : 

0 

1 

: 

6     : 
2 

n   : 

%V   : 

S   : 

e 

CV(%)  : 

Diff  . 

Treatment 

%   DIi 

All  data 
combined 

A 

-0.A99580 

2.69 

X 

10-^ 

1.142989 

489 

93 

243 

19 

6 

^ 

Unthinned 
stands 

B 

-.443062 

8.54 

X 

10-^ 

.907085 

284 

94 

252 

20 

27 

. 

Thinned 
stands 

C 

-.596671 

5.10 

X 

10-5 

1.446193 

205 

92 

218 

16 

-15 

Unthinned, 

broadcast 

seeded 

D 

-.597310 

5.87 

X 

10-^ 

.747919 

104 

89 

393 

28 

92 

If, 

Unthinned, 
row-seeded 

E 

-.402515 

1.01 

X 

10-5 

2.422529 

180 

99 

78 

6 

10 

1. 

Selectively 
thinned 

F 

-1.067873 

1.85 

X 

10-11 

5.195985 

103 

96 

174 

13 

31 

1, 

Row-thinned 

G 

-.492301 

3.43 

X 

10-^ 

1.093140 

102 

87 

226 

16 

22 

1_/  TS^ ,  TS„  =  Initial  and  projected  trees  surviving  per  acre,  respectively 
A^ ,  A^  =  Initial  and  projected  age,  respectively 


—  .  2, 


3.  =  Regression  coefficients  given  in  the  table 

2_/  n  =  Number  of  plot  observations  "       "^   2  "       — 

%V  =  Percent  variation  explained  by  the  model  ={l-[  I(y.  -y. )/I  (y.  ~  7  )  ]  }  100 

i=l   ^       i=l 

S  =  Standard  error  of  the  estimate  in  trees  per  acre  units 
e  "^ 

CV(%)  =  Coefficent  of  variation  percent 

n 

Diff  =  (1/n)  £  (predicted.  -  observed.),  in  trees  per  acre  units, 
1=1  1  1  '         ^  ' 


%  Diff  =  (100/n)  E  [(predicted.  -  observed  )/observed  ] 
1=1  i  1  i 
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Figure  1. — Comparison  of  observed  versus  pre- 
dicted trees  per  acre  surviving  for  unthinned 
broadcast-seeded  stands  of  slash  pine  in  the 
West  Gulf  Region,  based  on  equation  D. 


Figure  2. — Comparison  of  observed  versus  predicted 
trees  per  acre  surviving  for  unthinned  row-seeded 
stands  of  slash  pine  in  the  West  Gulf  Region, 
based  on  equation  E. 
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igure  3. — Predicted  survival  in  direct-seeded  slash  pine  stands  according  to  treatments  received  for 
equations  A,  B,  and  C. 
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Figure  4. — Predicted  survival  in  direct— seeded  slash  pine  stands  according  to  treatment  received  for 
equations  D,  E,  F,  and  G. 


Height  of  the  dominant  and  codominant  trees, 
which  was  used  as  a  measure  of  site  quality  in 
some  of  the  model  forms  tested,  was  not  a  con- 
sistently significant  variable  in  the 
regressions.   Therefore,  to  maintain  simplicity 
and  model  homogeneity  over  all  data  groups,  it 
was  not  used  as  a  predictor  in  the  final  model. 
Site  quality,  as  measured  by  site  index,  did  vary 
within  each  of  the  data  groups  (A)  through  (G), 
but,  interestingly,  the  overall  average  site 
index  of  40  feet  was  also  about  the  average 
within  each  group.   Therefore,  site  quality  was 
neither  a  confounding  factor  in  this  analysis  nor 
was  it  a  consistently  significant  density  predic- 
tor in  these  young  stands. 

Figures  3  and  4  reveal  a  lot  of  useful 
information  with  respect  to  this  analysis: 

(1)   The  graphs  visually  justify  the  initial 
breakdown  of  the  data  into  the  logical 
subgroupings  based  on  treatment  and/or  method  of 
seeding.   For  example,  survival  predictions  in 
early-thinned  broadcast-seeded  slash  pine  stands 
using  equation  F  would  clearly  be  different  from 
predictions  made  using  equation  G,  within  the 
years  covered  by  the  data.   Predictions  using 
either  of  the  unthinned  stand  equations,  D  or  E, 
are  alsr>  obviously  different. 


(2)   Equations  E  and  F  are  reverse  S  shapi- 
— the  point  of  inflection  and  concave  upward  {:• 
tion  occur  at  older  ages.   If  predictions  usita 
these  curves  (particularly  equation  F)  are 
attempted  much  beyond  age  22,  the  survival  pre 
dictions  will  likely  be  too  low. 


/{3)  These  graphs  also  clearly  show  the 
relatjive  magnitude  of  prediction  differences  t 
could  occur  when  using  the  more  general  curve 
rather  than  a  specific  curve.   For  example,  atii 
age  13,  if  the  initial  number  of  trees  surviviv 
per  acre  at  age  5  was  1,200,  the  difference  be- 
tween the  predicted  number  of  trees  surviving  •, 
using  equation  B  versus  using  equation  E  is  ab** 
245  trees  per  acre,  and  between  equations  C  ami 
at  the  same  age  is  about  180  trees  per  acre. 
Although  these  differences  are  within  one  stan- 
dard error  of  either  of  the  more  general  curves, 
the  graphs  do  show  that  utilization  of  the  more 
specific  curves  is  best  when  one  is  reasonably 
sure  the  stand  he  is  dealing  with  is  similar  tc 
the  stand  whose  data  was  used  to  develop  the 
equation. 

(4)  Furthermore,  the  curves  clearly  exhil  ■ 
the  survival  patterns  one  would  logically  expec:] 
in  stands  treated  similarly.  In  row-seeding,  1 1| 
combinations  of  between-row  distances  and  withl i 
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row  spacing  of  seed  spots  was  generally  such 
that  the  seedlings  experienced  little  competi- 
tion pressure  until  about  age  11,  and  then  it 
was  slight  throughout  age  20.   Survival  in 
these  stands  was  very  much  like  we  would  believe 
survival  would  be  in  comparable  planted  stands. 

In  selectively  thinned  stands,  the  better 
trees  were  favored  to  be  left  as  leave  trees,  and 
uniform  spacing  was  a  goal,  so  the  trees  in  these 
stands  did  not  experience  signflcant  competition 
until  about  age  11  either.   Survival  then  began 
to  quickly  approach  that  in  unthinned  broadcast- 
seeded  or  row-thinned  stands.   However,  the  delay 
In  mortality  and  early  selection  of  better  leave 
trees  associated  with  either  of  these  two  methods 
does  provide  for  more  trees  and  perhaps  a  better 
selection  of  leave-tree  if  a  commercial  thinning 
is  initiated.   There  will  also  be  more  cut-tree 
volume  In  these  situations. 


One  cannot  make  a  managemen 
ion  survival  predictions  alone, 
'survival  function  is  an  essentl 
any  growth  and  yield  prediction 
ifunctions  presented  are  part  of 
ito  predict  weight  and  volume  yl 
(seeded  slash  pine  stands  in  the 
that  will  soon  be  published  and 
The  functions  can  also  be  Incor 
Into  any  system  that  requires  s 
dictions. 


t  decision  based 
but  an  accurate 
al  component  in 

system.   The 

a  complete  system 
elds  in  direct 

West  Gulf  Region 

made  available, 
porated  directly 
tand  survival  pre- 


It  is  recommended  that  equations  D,  E,  F, 
and  G  be  used  in  applicable  stands  whenever 
possible.   Extrapolation  of  trees  surviving 
beyond  age  25  should  not  be  attempted  with 
equation  F.   Equations  A,  B,  and  C  might  be  used 
if  stands  either  do  not  clearly  fit  into  one  of 
the  defined  treatment  categories,  are  geographi- 
cally outside  of  the  data  range,  or  are  older 
than  age  22 . 
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TREE  FORM  EFFECTS  ON  VOLUME  PREDICTION 
PRECISION  FROM  TAPER  MODELS  1/ 

F.  Thomas  Lloyd  U 


Abstract. — Preliminary  results  of  comparing  observed 
with  predicted  total  stem  volume  obtained  from  a  taper  model 
dramatically  illustrate  how  much  precision  is  lost  when  tree 
form  variables  are  restricted  to  diameter  at  breast  height 
and  total  height.   Specifically,  a  quadratic-quadratic- 
quadratic  version  of  a  segmnted  polynomial  fit  to  diameter- 
height  taper  data  from  166  loblolly  pines  produced 
deviations  (i.e.,  100  (observed-predicted)/observed)  ranging 
from  -26  to  15  percent.   The  same  form  of  the  model  fit 
separately  to  the  taper  data  for  each  tree  produced 
deviations  of  -1.8  to  1.0  percent.   The  remaining  research 
will  study  how  to  incorporate  different  tree  form  variables 
(like  form  class,  form  quotient,  crown  ratio,  etc.)  into 
various  versions  of  the  segmented  polynomial  model.) 


—  Paper  presented  at  Southern  Silvicultural  Research 
Conference,  Atlanta,  Georgia,  November  7-8,  1984. 

2/ 

—  Research  Forester,  USDA  Forest  Service,  Southeastern 

Station,  Charleston,  S.C. 
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CROWN  COMPETITION  IN  YOUNG  LOBLOLLY  PLANTATIONS; 

DATA  ANALYSIS  AND  MODELSl/ 

Lynn  A.  Maguirer.' 


Abstract. — I  have  developed  a  growth  model  for  young 
loblolly  plantations  that  simulates  the  effects  of  spacing 
on  crown  development  and  uses  crown  characteristics  to 
represent  the  effects  of  competition  on  growth  and  survival. 
Field  data  from  a  spacing  trial  on  the  North  Carolina 
coastal  plain  have  been  used  to  test  model  assumptions  and 
predictions.   Live  crown  ratio  declines  as  crowding  occurs, 
maintaining  a  constant  ratio  of  crown  length  to  crown  width. 
More  of  the  crown  is  shaded  at  closer  spacings.   The  crown 
projections  of  trees  grown  at  rectangular  spacings  deform 
from  circular  to  fill  the  available  space.   These 
observations  are  consistent  with  the  model  formulation. 


_'  Paper  presented  at  Southern  Silvicultural  Research 
Conference,  Atlanta,  Georgia,  November  7-8,  1984. 

±J    Assistant  Professor,  School  of  Forestry  and 
Environmental  Studies,  Duke  University,  Durham,  NC  inOb. 
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A  SURVIVAL  MODEL  FOR  THINNED  OLD-FIELD  SLASH  PINE  PLANTATIONsi- 

2/ 
Bruce  E.  Borders  and  Earle  P.  Jones,  Jr.— 


Abstract. — Thinning  from  below  In  young  old-field  slash 
pine  stands  tended  to  accelerate  mortality;  mortality  rate  was 
directly  related  to  site  index.   A  difference  equation  model 
which  expresses  the  effects  of  thinning,  site  index  and  age  on 
survival  was  derived  and  fit. 


—  Paper  presented  at  Southern  Silvicultural  Research 
Conference,  Atlanta,  Georgia,  November  7-8,  1984. 

^./Research  Foresters,  USDA  Forest  Service,  Southeastern 
Forest  Experiment  Station,  Athens  and  Macon,  Georgia, 
respectively. 
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A  GROWTH  AND  YIELD  MODEL  FOR  UNTHINNED  LOBLOLLY  PINE  PLANTATIONS 
INFECTED  WITH  FUSIFORM  RUST—  ■ 


2/ 

Warren  L.  Nance,  Ronald  C.  Froelich,  Tommy  R.  Dell,  and  Eugene  Shoulders- 


Abstract. — The  effect  of  varying  levels  of  fusiform  rust 
on  survival  and  structure  of  unthinned  loblolly  pine  plan- 
tations was  investigated  using  data  from  two  large,  long-term 
loblolly  pine  yield  studies.   The  goal  of  the  analysis  was  to 
develop  a  modification  to  an  existing  growth  and  yield  pre- 
diction system  for  unthinned  loblolly  pine  plantations  which 
would  allow  rust  level  as  one  of  the  input  variables  used  to, 
project  future  yields. 

Two-dimensional  plots  of  survival  versus  age  for  several 
hundred  test  plantations  measured  over  a  twenty-year  period 
revealed  interesting  and  unexpected  variations  among  survival 
curves.   Instead  of  the  expected  gradual  decrease  in  percent 
survival  over  time,  many  survival  curves  were  relatively  flat 
(little  or  no  mortality)  for  the  entire  twenty-year  period 
while  others  were  flat  for  the  first  ten  to  fifteen  years  and 
then  dropped  sharply  thereafter.   These  kinds  of  patterns  are 
not  mimicked  by  the  traditional  survival  functions  that  are 
an  integral  part  of  most  growth  and  yield  models. 

The  authors  present  a  possible  explanation  of  these 
results  based  on  a  "law"  of  natural  thinning  in  even-aged 
monocultures  proposed  by  Reinecke  in  1933.   A  graphical  ana- 
lysis of  survival  curves  based  on  Reinecke 's  concept  of 
natural  thinning  as  a  function  of  stand  density  and  average 
tree  size  is  presented,  and  approaches  to  survival  modeling 
based  on  Reinecke 's  concept  are  discussed.   Further  efforts 
to  develop  yield  prediction  systems  for  unthinned  loblolly 
pine  plantations  infected  with  fusiform  rust  hinge  on  the 
development  of  more  powerful  survival  models  that  can  mimic 
observed  patterns  of  survival  in  both  Infected  and  non- 
infected  stands. 


—  Paper  presented  at  Southern  Silvicultural  Research 
Conference,  Atlanta,  Georgia,  November  7-8,  1984. 

2_/  Warren  L.  Nance  is  Principal  Plant  Geneticist,  Ronald 
C.  Froelich  is  Principal  Plant  Pathologist,  Tommy  R.  Dell  is 
Mathematical  Statistician,  and  Eugene  Shoulders  is  Principal 
Silviculturlst.-  All  are  employed  by  the  Southern  Forest 
Experiment  Station,  Forest  Service — USDA. 
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SITE  INDEX  CURVES  FOR  DIRECT-SEEDED  SLASH  PINES 
IN  THE  WEST  GULF  REGIOnI./ 


2/ 
Richard  E.  Lohrey— 


Abstract. — Site  index  equations  were  computed  for  slash 
pine  stands  established  by  direct  seeding.   The  new  equations 
were  compared  to  existing  ones  for  plantations  and  natural 
stands. 


—  Paper  presented  at  Southern  Silvicultural  Research 
Conference,  Atlanta,  Georgia,  November  7-8,  1984. 

2_/  Silviculturist,  Southern  Forest  Experiment  Station, 
Forest  Service — USDA,  2500  Shreveport  Highway,  Pineville,  LA 
71360. 
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EFFECT   OF   THINNING   DAMAGE   ON  BARK   BEETLE. 


SUSCEPTIBILITY   INDICATORS   IN  LOBLOLLY    PINeI/ 
C.    A.    BLANCHEA^  T.    E.    NEBEKER,^/   J.    D.    HODGEsl' 


B.    L.    KARR.i-/   AND  J.J.    SCHMITT-^ 


Abstract. — Simulated  thinning  damage  in  the  form  of  bole 
scarring  and  root  pruning  affected  bark  beetle  susceptibility 
indicators  (total  resin  flow,  initial  resin  flow  rate,  resin 
viscosity,  raonoterpene  levels,  and  electrical  resistance)  of 
residual  trees.  Root  pruning  on  two  sides  initially  reduced 
resin  flow,  whereas  bole  scarring  stimulated  it,  but  these 
effects  disappeared  after  7  months.  Bole  scarring  and  bole 
scarring  plus  root  pruning  caused  lower  initial  flow  rates 
than  occurred  in  control  and  root-pruned  trees.  Total 
monoterpene  and  alpha  -pinene  increased  in  response  to 
thinning  injury.  Bole  scarring  alone  caused  a  decline  in 
stem  electrical  resistance  whereas  root  pruning  on  2  sides 
caused  an  increase.  These  observations  indicate  that  root 
pruning  may  increase  host  susceptibility  to  bark  beetle 
attack,      whereas     bole     scarring     may     temporarily     reduce     it. 


INTRODUCTION 

Thinning  from  below  is  recommended  as  a 
leans  of  promoting  tree  and  stand  resistance  to 
outhern  pine  beetle  attack  (Belanger  and  Malac 
980).  Enhancement  of  resistance  is  a  result  of 
iroviding  an  environment  conducive  to  rapid  tree 
rowth  through  a  reduction  in  stress  and 
ompetition.  However,  thinning  may  also  cause 
njuries  to  the  residuals,  the  extent  of  which 
an  be  very  severe. 

Since  such  injuries  can  have  immediate 
ebilitating  effect,  we  suspected  that  these 
binning -related  damages  could  readily  predis- 
ose  the  injured  residuals  to  bark  beetle 
ttack.       Results     of     an     earlier     investigation 


'Paper  presented  at  the  Third  Biennial  Southern 
Silvicultural  Research  Conference,  Atlanta, 
Georgia,  Nov.  7-8,  1984.  Support  for  this 
investigation  was  provided  by  the  Integrated 
Pest  Management  Research,  Development  and 
Applications       Program,       Pineville,       LA,       USFS 

,Grant   19-82-023. 

Assistant  Entomologist,  Professor  and  Research 
Associate,  respectively.  Department  of 
Entomology,  Miss.  State  Univ.,  Miss.  State,  MS 

,39762. 

Professor  and  Assistant  Professor,  respec- 
tively. Department  of  Forestry,  Miss.  State 
Univ.,  Miss.   State,  MS   39762. 
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(Nebeker  and  others,  1983)  revealed  some 
interesting  patterns  in  bark  beetle 
susceptibility  indicators  such  as  total  resin 
flow,  initial  resin  flow  rate,  and  viscosity. 
Hence,  this  study  was  performed  to  determine  if 
such  patterns  are  repeatable  when  treatments  are 
imposed  during  the  fall  rather  than  spring  on 
different  stands.  Results  may  find  application 
in  the  scheduling  of  thinning  of  high  hazard 
stands. 


MATERIALS  AND  METHODS 
Stand  Description 

Two  loblolly  pine  plantations,  one  on  an 
upland  ridge  site  in  Winston  County  and  a  second 
on  a  bottom  site  in  Oktibbeha  County  in  east 
central  Mississippi,  were  selected  to  respresent 
two  distinct  sites.  These  2  stands  were 
established  in  1958  from  a  local  seed  source. 
To  avoid  unnecessary  damage  to  the  residuals, 
both  stands  were  manually  thinned  to  a  basal 
area  of  90  sq.  ft  per  acre  in  May  1983.  The 
ridge  site  is  well-drained,  whereas  the  bottom 
site  is  occasionally  flooded. 


Imposition  of  Thinning  Damage 

Prior  to  the  imposition  of  thinning  damage 
treatments  (Sept,  1983),  total  resin  flow  (8 
hrs) ,  initial  resin  flow  rate  (mm/min) ,  relative 
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resin  viscosity,  levels  of  total  and  individual 
mono ter penes,  stem  electrical  resistance  (SER) , 
radial  growth,  and  total  height  were  measured. 
Two  weeks  later,  different  thinning  damage 
treatments  (Table  1)  were  imposed  on  96  of  the 
residual  stems  on  both  sites.  Root  pruning  on 
one  side  (Rl)  was  performed  by  first  locating 
the  major  lateral  root  and  then  severing  it  with 
a  Ditch  Witch  about  a  foot  away  from  the  stem. 
The  dimensions  of  the  cut  were  approximately  0.5 
m  deep  into  the  soil  and  1.5  m  long.  Root 
pruning  on  2  sides  (R2)  was  done  in  the  same 
manner  with  the  additional  cut  made  either 
parallel  or  perpendicular  to  the  direction  of 
the  first  cut.  Bole  scarring  (S)  was  done  bj' 
removing  a  portion  of  the  bark,  plus  the 
associated  cambium  (one-sixth  of  the 

circumference  wide  and  0.3  m  long)  at  stem  base 
using  a  hand  knife,  chisel  and  fiberglass 
mallet.  Two  weeks  (Oct.  1983),  7  months  (April 
1984),  and  10  months  (July  1984)  after  treatment 
imposition,  the  same  measurements  and  analyses 
were  made  except  for  radial  growth  and  total 
height. 


Table    1. — Treatments 
thinning   damage. 


imposed  to         simulate 


Treatments 

Description 

No. 

of   Reps 

C 

Control 

16 

Rl 

1   side  root    pruned 

16 

R2 

2   sides   root   pruned 

16 

S 

Scarred 

16 

SRI 

S   +   Rl 

16 

SR2 

S  +  R2 

16 

Resin   Sampling  and   Other  Measurements 

Total  resin  flow  was  measured  by  first 
drilling  a  hole  (0.95  cm  diameter  x  2  cm  deep) 
through  the  bark  and  into  the  outer  layers  of 
the  xylem  (at  breast  height)  and  driving  a  glass 
tubing  (10  cm  long,  9  mm  outside  diameter  and 
2.5  mm  inside  diameter)  into  the  hole  leaving  a 
gap  to  provide  a  reservoir  for  resin  to  collect. 
Resin  was  collected  by  attaching  a  10  ml 
pipette,  with  the  bottom  end  cut  and  stoppered 
with  a  cork,  to  the  external  end  of  the  glass 
tubing  (flow  tube).  Total  flow  for  8  hrs  was 
read  directly  from  the  pipette  in  milliliters. 
Initial  flow  rate  (mm/min)  was  determined  by 
timing  the  resin  headflow  over  a  certain 
distance  through  the  flow  tube.  Relative  resin 
viscosity  was  determined  by  dropping  a  spherical 
aluminum  ball  (0.0625  mm  diameter)  ■•'nto  a  column 
of   collected  resin   in  the   pipette  and    timing   the 


ball    as    it    traveled    a    constant   distance   of   2 
mm.       Resin    and    air    temperatures    were    recor  ( 
for  each  viscosity  measurement.      After  obtain  i 
resin    viscosity,     an     aliquot     of     the     resin    i| 
placed    in    a    1-dram   vial    and    stored    in  a   free;  I 
until     analysis.       The    monoterpene     fraction    i; 
analyzed     using     an     HP    5830A     gas     chromatogr;  [ 
equipped   with   flame    ionization  detector.      A  2.'- 
m    glass    column    with    an    internal    diameter    of 
mm,     packed    with    10%    Carbowax    20M    on   80    to    ]  : 
mesh   Chromosorb    WAW   was    used.      Samples   were  i. 
isothermally     at     115°C     using     n-heptane     as 
solvent    and    p-cymene    as    the    internal    standaj  1 
Carrier      flow     rate     was     20     ml     N«     per    minut  '. 
Detector    and     injection    port     temperatures    we  : 


Indentity 
verified 


200°C     and     225   C,     respectively 
individual         monoterpenes        was 
comparing      the      relative      retention      times 
suspect       compounds      with      those       of      authent 
monoterpene    samples    and    enrichment    chromatogr  . 
phy.       Quantification    was    based    on    the    respon 
factor   of  each  monoterpene   relative   to   p-cymen 
Monoterpene    quantities    were    expressed    in   mg  p 
100     mg     resin.       Stem    electrical    resistance 
Ohms)     was     obtained      from     the    north    and     sou 
sides   of   the   stem  at   breast   height  using  a   fieu 
ohmmeter    (Osmose    Shigometer   Model    OZ-67) .      Thil 
was     accomplished      by      inserting      the      stainleiii 
steel     probe     pins     (mean    separation    was    1.8    ci 
through    the    bark    and    into    the   outer  xylem.      SI 
readings      were      obtained       from      1:00-2:00     p.i' 
Total   height  was  measured   with  a   Suunto.      Radiii 
growth    was    measured    on    increment    core    samples 
using    a    microcaliper    under    a    dissecting    scope 


RESULTS  AND  DISCUSSION 

Total  Resin  Flow  , 

I 
Root    pruning    on   2    sides    (R2)    significantly 

reduced   total  resin   flow  2  weeks  after  treatment 
on    both    sites    (Table    2).      However,    normal    flow 
was   restored   7  months    later.      On   the  other  hand  j 
bole      scarring      and     bole      scarring      plus     roo : 
pruning      (SRI)      stimulated      resin      exudation     i  i| 
trees      on     the     bottom     site.        This     stimulatioi.! 
persisted    for   10  months.      The   same   treatments  (  [ 
&     SRI)     did     not     affect     the    ridge-site    trees  j 
Bole   scarring  plus  root   pruning  on  2  sides   (SR2 
caused   a  delayed    stimulation   in   total   resin  flo' 
for    the    bottom-site    trees    but    did    not   have  an; 
effect   on  the  ridge-site  trees. 

The  depressing  effect  of  root  pruning  oi 
total  resin  flow  may  be  attributed  to  reducec 
raw  material  for  resin  synthesis  as  a  result  oi 
increased  stomatal  resistance  and  reduced  nel 
photosynthesis.  Stupendick  and  Shepherd  (1980) 
demonstrated  in  Pinus  r  ad  lata  D.  Don  that  rool 
pruning  results  in  a  sharp  increase  in  stomatal 
resistance  and  a  decline  in  net  photosynthesis,  j 
They  also  showed  that  translocation  of  C-1^ 
assimilate  is  restricted  by  root  pruning.  On 
the  other  hand,  the  stimulation  of  resin  flow  by 
bole    scarring    is   more    of    a    wound    response.     It 


472 


ble   2. — ^Mean   total   resin   flow   (inl/8   hrs)    before  and  after   stress. 


leatment 


Sept.    83* 


Oct.    83 


April  84 


July   84 


ITOM 


C 

Rl 

R2 

S 

SRI 

SR2 


2,1 

a 

1.1 

a 

2.7 

2.2 

a 

1.1 

a 

1.2 

a 

2.5 

a 

0.7 

a 

1.9 

a 

3.6 

b 

2.4 

b 

1.4 

ab 

t)GE 


1    c 

1.7     b 

1.6     b 

0.8  a 

4.9 

c 

Rl 

1.5     b 

1.3     b 

1.0  a 

4.2 

c 

R2 

1.4     b 

1.0   a 

1.4      b 

4.2 

c 

S 

1.8     b 

1.9     b 

1.6   a 

5.4 

c 

SRI 

1.1     b 

1.0     b 

0.7   a 

3.8 

c 

SR2 

2.3  a 

2.7  a 

2.6  a 

6.8 

b 

^:ans    within    a    row    followed    by   the   same    letter  are  not   significantly   different    (Duncan's   Multiple  Range; 
-CO. 5). 


L  known  in  the  naval  store  industries  that  an 
L.rease  in  wounding  severity  increases 
)ioresin  yield,  but  in  progressively  declining 
ii'unts  (Stubbs  and  others  1984).  Apparently 
)iie  scarring  causes  the  peripheral  area  of  the 
jind  to  become  a  preferential  sink  for 
iiimilate.  Consequently,  oleoresin  precursors 
til    concentrated    at    the    zone    above    the    wound. 

Total  resin  flow  is  a  major  factor 
Liluencing  the  success  of  initial  southern  pine 
X  tie  attack  (Hodges  and  others  1979)  .  All 
rings  being  equal,  trees  with  greater  resin 
L^  are  more  resistant  to  beetle  attack.  In 
:li  absence  of  a  quantitative  relationship 
)€ween  total  flow  and  bark  beetle  attack,  its 
u  as  a  bark  beetle  susceptibility  indicator  is 
)isently  confined  to  relative  comparisons.  Our 
rc'ults  on  total  flow  (Table  2)  suggest  that 
:ct  pruning  may  temporarily  increase  host 
Hceptibility  whereas  bole  scarring  may  reduce 
Lt  but  all  these  effects  exist  less  than  a 
^er.  Also,  on  the  basis  of  total  resin  flow, 
ict    susceptibility     should     be    lowest    in    July. 


Initial   Flow  Rate 

Bole  scarring  plus  root  pruning  on  one  side 
:a5ed  an  immediate  decline  in  initial  flow  rate 
Ln':rees  on  the  bottom,  while  the  same  treatment 
:aied  an  immediate  increase  in  initial  flow 
ra;  at  the  ridge  (Table  3).  Such  differential 
:ex)nse  may  be  attributed  to  site  differences 
3u  genotypic  variation  cannot  be  ruled  out. 
Ih   most    consistent    treatment    effect    was    lower 


flow  rates  for  scarred  and  scarred  plus 
root-pruned  trees  compared  to  the  control  and 
trees  root-pruned  on  both  sites.  A  seasonal 
pattern  of  initial  flow  rates  was  also  evident. 
Because  the  time  of  maximum  total  flow  (July) 
does  not  coincide  with  the  time  of  highest 
initial  flow  rate  (April) ,  we  decided  to  examine 
how  total  resin  flow  is  related  to  initial  flow 
rate.  Correlation       analysis       revealed       that 

initial  flow  rate  is  negatively  related  to  total 
resin  flow  (r  =  -0.80).  This  relationship 
implies  that  about  36%  of  the  variation  in  total 
flow  could  not  be  accounted  for  by  the  variation 
in  initial  flow  rate.  Hence,  the  use  of  initial 
flow  rate  alone  as  a  means  for  indicating 
relative  susceptibility  of  trees  to  bark  beetle 
attack  may  not  be  adequate.  Anderson  and 
Anderson  (1968)  pointed  out  the  existence  of  a 
definite  relationship  between  oleoresin 

exudation  rate  (OER)  and  incidence  and  success 
of  Ips  attacks,  while  Hodges  and  others  (1979) 
showed  a  high  positive  correlation  between  total 
resin  flow  and  resin  flow  rate.  However,  their 
flow  rate  or  exudation  rate  is  basically  a 
reflection  of  total  flow,  since  rate  was 
determined  over  an  8-hour  period  and  a  very  high 
percentage  of  the  total  flow  occurs  in  that 
period. 


Relative  Resin  Viscosity 

Relative  resin  viscosities  of  trees  on  the 
ridge  and  bottom  sites  were  combined  for 
purposes  of  analysis  because  of  inadequate 
replications.  They  were  unaffected  by  any  of 
the     stress     treatments     (Table    4).       However,     a 
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Table  3. — Initial  flow  rates  (mm/min)  before  and  after  stress. 

Treatment                    Sept.  83*               Oct.  83 

April  84 

Ju 

84 

BOTTOM 

c 

Rl 

R2 

S 

SRI 

SR2 


RIDGE 


C 
RI 

R2 
S 

SRI 
SR2 


1.4 

a 

1.7 

a 

0.9 

a 

1.0 

a 

2.2 

1.4 

ab 

1 

3 

a 

1 

3 

a 

2 

0 

a 

1 

2 

a 

1 

4 

a 

1 

3 

ab 

1 

2 

a 

1 

6 

a 

1 

1 

a 

0 

7 

a 

0 

7 

a 

1 

1 

a 

1.0  a 
2.5  1: 
0.6  a 


3.5 
5.8 
3.4 
2.2 
2.5 
2.8 


10.4  b 
11.2 

7.8  b 

4.3 

7.2 

4.4 


2 
2 
1 


1.'.: 

2.^ 
2.C- 
2.: 
2.E' 
l.f  !b 


*Means  within  a  row  followed  by  the  same  letter  are  not  significantly  different  (Duncan's  Multiple  Ra:a|s; 
P<:0.05). 

Table  4. — ^Relative  viscosity  (mm/sec)  for  bottom  and  ridge  combined. 


Treatment 


Sept.  83* 


Oct.  83 


Apri 

1  84  # 

0 

6 

a 

0 

6 

a 

0 

7 

a 

0 

6 

a 

0 

.9 

a 

0 

7 

a 

Jul  M 


C 

RI 
R2 

S 

SRI 
SR2 


1.7 

be 

1.1 

b 

1.5 

be 

1.3 

b 

1.6 

b 

1.5 

b 

.3 

b 

6 

be 

.4 

ab 

1 

ab 

.4 

ab 

6 

be 

1.9 
2.2 
2.0 
1.9 
2.0 
2.4 


*Means  within  a  row  followed  by  the  same  letter  are  not  significantly  different  (Duncan's  Multiple  Rai^^; 

P  <0.05). 
#A  drop  in  temperature  from  75°F  to  65°F  from  12:00  to  1:00  p.m. 


seasonal  variation  was  apparent.  The  lack  of 
significant  treatment  effect  prompted  us  to 
analyze  viscosity  in  relation  to  total  flow  and 
total  raonoterpene  level  (Table  5)  .  Correlation 
analysis  revealed  that  the  more  viscous  the 
resin  the  less  the  total  flow  (r  =  0.76)  for  a 
given  duration,  and  the  less  the  total 
monoterpene  level  (r  =  0.63).  Hodges  and  others 
(1977),  on  the  other  hand,  found  no  significant 
correlation  between  viscosity  and  total  flow  and 
between  viscosity  and  total  monoterpene  level  in 
the  same  species.  Such  a  discrepancy  is 
difficult  to  reconcile  considering  that  the 
monoterpene  moiety  of  the  resin  acts  as  solvent 
(Runkel  and  Knapp  1946)  and  an  increase  in  it 
reduces  the  viscosity  of  the  resin.  In 
addition,  Hodges  and  others  (1977)  found 
significant  negative  correlations  between 
viscosity  and  total  flow,  and  between  viscosity 


Table  5. — Correlation  matrix  of   total   f]': 
viscosity  and  total  monterpene. 


Variables 


Total  Flow 

Relative 
Viscosity 

Total 
Monoterpene 


J. 


Total 
Flow 

Relative 
Viscosity 

Total 
Monoterp 

1.00 

0.76 
1.00 

0.58 
0.63 

1.00 
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aid  total  monoterpene  level  for  all  the  major 
southern  pines  except  loblolly.  In  spite  of 
this  discrepancy,  the  consensus  is  that  resin 
viscosity  does  play  an  important  role  in  the 
defensive  system  of  pine  trees  against  bark 
beetle  attack  by  delaying  immediate  entry  into 
the  inner  bark  and,  therefore,  reducing  the 
likelihood   of   a    successful  attack. 


known  to  be  directly  involved  in  the  intriguing 
chemical  communication  of  the  southern  pine  bark 
beetles,  it  has  been  observed  to  repel  the 
Douglas-fir  beetle  (Heikkenen  and  Hrutfiord 
1965).  If  beta-pinene  plays  a  similar  role  in 
repelling  southern  pine  bark  beetles,  then  bole 
scarring  may  make  pine  trees  relatively  less 
attractive. 


Monoterpene  Components 

The  effect  of  the  different  treatments  on 
alpha^pinene  became  apparent  after  7  months 
(Table  6).  The  increase  in  alpha-pinene  in 
iresponse  to  these  stress  treatments  parallels 
that  of  Hodges  and  Lorio's  (1975)  findings  with 
vater  stress.  Also,  alpha-pinene  increases  in 
Lightning-struck  loblolly  pine  trees  (Blanche 
and  others,  in  press).  Because  alpha-pinene  is 
<nown  to  increase  attractiveness  of  the  host  to 
i5ark  beetles  through  its  synergistic  effect  with 
frontalin,  wounding  due  to  thinning  can 
therefore  render  such  trees  centers  of  beetle 
'ittraction, 

j  On     the     ridge     site,     camphene     increased     7 

nonths  after  root  pruning  on  2  sides  (R2)  and 
)ole  scarring  (S)  (Table  7).  Bole  scarring 
caused  a  similar  increase  in  camphene  on  the 
iiottom  site.      Whether  changes   in  camphene  affect 

Iost  susceptibility  or  not,  is  not  known. 
Beta-pinene  level  was  unaffected  by  any  of 
the  treatments  on  the  ridge  site  (Table  8).  On 
pe  bottom  site,  bole  scarring  resulted  in  an 
^.ncrease  in  the  beta-pinene  level  10  months 
^fter     stress.       While     this    monoterpene     is    not 


Myrcene  and  beta-phellandrene  levels  were 
unaffected  by  the  treatments  on  both  sites. 
Limonene  increased  in  response  only  to  bole 
scarring  10  months  after  stress  imposition 
(Tible  9)  .  Since  limonene  is  known  to  be  the 
most  toxic  monoterpene  to  southern  pine  beetle 
(Coyne  and  Lott  1976)  and  to  3  other  species  of 
Dendroctonus  (Smith  1963),  its  increase  in 
response  to  bole  scarring  further  supports  the 
resistance-enhancing  effect  of  this  type  of 
thinning    injury. 

There  was  a  general  increase  in  the  total 
monoterpene  levels  in  the  wounded  trees  from  the 
bottom  site  7  months  after  stress  imposition 
(Table  10) .  The  same  trend  was  observed  in  the 
ridge  site  except  for  SRI  which  caused  an 
earlier  increase  (2  weeks  after  injury)  and  an 
earlier  decline  (7  months  after  stress). 
Evidently,  most  of  these  changes  were  actually 
due  to  the  changes  in  the  levels  of  alpha 
pinene.  The  implication  of  these  increases  in 
total  monoterpene  to  host  susceptibility  to  bark 
beetle  attack  has  not  been  clarified,  but  the 
speculation  is  that  total  monoterpene  enhances 
host  susceptibility  through  its  role  in  host 
attractiveness. 


k'able  6. — ^Levels   of   alpha-pinene   (mg/10  mg  resin)    before  and  after  treatment. 


Ireatment 


Sept.    83* 


Oct.    83 


April  84 


July  84 


C 

RI 
R2 
S 
SRI 

SR2 


17 

0 

a 

16 

.4 

a 

17 

3 

a 

16 

.7 

a 

16 

3 

a 

17 

1 

ab 

17.6   a 
16.8   ab 
17.8  a 

19.0  ab 
17.6  ab 

16.1  a 


19.4 

ab 

19.1 

b 

20.7 

ab 

22.0 

21.4 

b 

20.8 

b 

20.6 

b 

19.1 

b 

21.5 

b 

20.6 

19.4 

b 

20.6 

b 

IDGE 


C 
Rl 

R2 
S 

SRI 
SR2 


14.6  a 

16.1  a 

14.6  ab 

17.0  ab 
14.9  a 

16.1  ab 


14.2  a 


17 

.4 

a 

11 

5 

a 

14 

.3 

a 

18 

3 

a 

16 

.0 

ab 

14 

8 

a 

19 

4 

a 

19 

0 

b 

20 

0 

b 

15 

7 

a 

18 

5 

b 

17. 
20. 
18. 
19. 
16. 


15.0 


rteans    within    a    row    followed    by   the   same   letter  are  not   significantly   different    (Duncan's  Multiple  Range; 
'<:0.05). 
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Table   7. — Levels   of   camphene    (mg/100  mg  of   resin)    before  and  after  stressing. 


Treatment 


Sept.    83* 


Oct.    83 


April  84 


Ju:; 


84 


BOTTOM 


C 

RI 

R2 

S 

SRI 

SR2 


RIDGE 


C 

Rl 

H!2 

S 

SRI 
SR2 


0.21 
0.18 
0.20 
0.19 
0.18 
0.19 


0.16   ab 
0.16  a 
0.17    ab 
0.18  ab 
0.17   a 
0.19   a 


0 

19 

a 

0 

18 

a 

0 

20 

a 

0 

22 

ab 

0. 

20 

a 

0 

18 

a 

0.15  a 
0.18  a 
0.13  a 
0.14  a 
0.20  a 
0.18  a 


0.21 
0.19 
0.22 
0.24 
0.22 
0.21 


0.16 
0.20 
0.20 
0.20 
0.16 
0.19 


b 
b 

a 

a 


0.2 

0.1S< 

0.2 

0.2 

0.2Ci 

0.22.' 


0.19* 
0.22: 
0.19^ 
0.20r> 
0.17: 
0.15 


*Means    within   a    row    followed    by   the   same    letter  are  not   significantly   different    (Duncan's   Multiple  Raaj 
P  <:0.05). 


Table  8. — Beta-pinene  levels    (mg/100  rag  resin)    before  and  after   stress   imposition. 


Treatment 


Sept.    83* 


Oct.    83 


April  84 


Julv  4 


BOTTOM 


C 

Rl 

R2 

S 

SRI 

SR2 


RIDGE 


C 

Rl 

R2 

S 

SRI 

SR2 


5.5 
5.5 
6.1 
5.7 
5.3 
5.2 


5.6 

a 

5.7 

a 

6.2 

a 

6.4 

ab 

5.6 

a 

5.4 

a 

3.0 
3.7 
2.9, 
2.9 
5.3 
4.7 


6  a 
9  a 
3  a 

1  ab 

7  a 
1   a 


3.1 
3.4 
4.1 
4.1 
4.1 
5.5 


5.9   i 
6.4   i 
5.2 
7.1 
5.6    I 
5.2    I 


4.1  I 

4.0  I 

3.5 

3.6 

4.9 

4.5 


*No   significant   differences. 
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able  9. — ^Levels   of    limonene 

(mg/100  mg  resin) 

before  and   a 

Fter   stress   treatments. 

Treatment 

Sept 

83* 

Oct. 

83 

Apri 

L     84 

July   84 

i 
BOTTOM 

C 

0.9 

b 

0.7 

ab 

0.8 

ab 

0.6   a 

Rl 

0.7 

a 

0.7 

a 

0.7 

a 

0.9   a 

R2 

1.4 

a 

0.6 

a 

0.7 

a 

0.7   a 

S 

0.5 

a 

0.5 

a 

0.6 

a 

0.6  a 

SRI 

0.9 

a 

0.9 

a 

1.1 

a 

0.8  a 

SR2 

0.5 

a 

0.6 

A 

0.8 

a 

0.7  a 

IIDGE 

C 

1.2 

a 

1.1 

a 

1.2 

a 

0.8  a 

Rl 

0.6 

a 

0.6 

a 

0.7 

a 

0.7  a 

R2 

0.3 

a 

0.4 

a 

0.4 

a 

0.5  a 

S 

O.A 

a 

0.4 

a 

0.5 

ab 

0.6     b 

SRI 

0.8 

a 

0.8 

a 

0.9 

a 

0.6  a 

SR2 

0.8 

a 

0,8 

a 

0.6 

a 

0.7   a 

Kv    r> 

t-lrr     ^iffoT-on 

M,,1tir.lQ      Pcr^no. 

able  10. — ^Levels  of  total  monoterpene  (mg/100  mg  resin)  before  and  after  stress  imposition. 


reatment 


Sept.  83* 


Oct.  83 


April  84 


July  84 


iOTTOM 


IDGE 


C 

Rl 

R2 

S 

SRI 

SR2 


C 

Rl 

R2 

S 

SRI 

SR2 


24.0 

a 

23.7 

a 

25.9 

a 

23.7 

a 

23.5 

a 

23.6 

a 

22.3 

a 

20.2 

a 

18.8 

a 

20.8 

a 

20.9 

a 

22.9 

ab 

24.7 

ab 

24.2 

ab 

25.6 

a 

26.9 

a 

25.4 

ab 

23.0 

a 

22.0 

a 

22.5 

ab 

15.7 

a 

18.4 

a 

25.3 

b 

22.4 

a 

26.3 

ab 

26.9 

b 

28.9 

b 

29.6 

b 

29.5 

b 

28.7 

b 

22.4 

a 

24.3 

ab 

24.2 

b 

25.2 

b 

21.3 

a 

26.1 

b 

29 

1 

b 

27 

5 

b 

29 

9 

b 

29 

6 

b 

26 

9 

ab 

27 

5 

ab 

24.8 
26.8 
24,1 
24.2 
23.0 
21.3 


b 
b 
b 
b 

a 

a 


Means  within  a  row  followed  by  the  same  letter  are  not  significantly  different  (Duncan's  Multiple  Range; 
P  <:0.05). 
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Stem  Electrical  Resistance 


CONCLUSIONS 


Stem  electrical  resistance  (SER)  was  used 
in  this  study  as  a  potential  means  of  indicating 
stress  in,  or  physiological  vigor  of,  individual 
trees.  Wargo  and  Skutt  (1975)  have  shown  this 
measure  to  be  an  effective  indicator  of  stress 
in  forest  trees,  and  Smith  and  others  (1976) 
have  demonstrated  the  effectiveness  of  this 
measure  in  detecting  differences  between 
nonreleased,  released,  and  released-fertilized 
paper  birch   trees. 

In  interpreting  the  results  on  SER  (Table 
11),  it  should  be  pointed  out  that  a  higher  SER 
means  greater  stress  or  lower  physiological 
vigor.  Root  pruning  on  2  sides  caused  a 
significant  increase  in  SER  of  bottom-site  trees 
two  weeks  after  stress.  Bole  scarring  caused  a 
significant  decline  in  SER  of  the  ridge  trees 
thus  further  confirming  the  resistance-enhancing 
effect  of  this  kind  of  thinning  injury.  The 
earlier  recovery  of  the  trees  from  the  ridge 
than  those  from  the  bottom,  suggests  that  the 
trees  from  the  bottom  experienced  greater  stress 
than  those  from  the  ridge.  Improvement  in  tree 
resistance  to  bark  beetle  attack  due  to  bole 
scarring  and  the  reduction  in  it  due  to  root 
pruning  are  substantiated  by  the  stem  electrical 
resistance. 


1.  The  effect  of  the  treatments  on  t'il 
resin  flow  is  similar  to  what  has  been  f i  M 
previously  (Nebeker  and  others  1983).  The  -.it 
of  the  susceptibility  indicators  (initial  :  Jw 
rate,  resin  viscosity,  total  monoterpene  lei  < , 
and  stem  electrical  resistance)  were  affe(id 
differently  by  the  treatments.  I:e 
importantly,  based  on  these  two  studies,  |[e 
trees  injured  during  the  spring  recovered  r  ,lh 
faster      than      those      injured      during      the      fgi, 

2.  Since  greater,  total  resin  f  |» 
indicates  higher  resistance  to  beetle  atta;, 
bole  scarring  may  temporarily  incref 
resistance     whereas      root      pruning      reduces 

3.  Since  greater  total  flow 
accompanied    by    a    high    level    of    alpha-pineneiiiji 
tree  considered  resistant  may  also  be  attractis 
to  beetles. 

4.  The  greater  the  resin  viscosity, 
less  the  total  resin  flow  and  the  lower 
monoterpene  level. 

5.  Stem  electrical         resistance 
indicate        physiological        vigor        and/or       til 
susceptibility   to  bark  beetle   attack. 


Table   11. — Stem  electrical  resistance   (K  Ohms)    before  and  after  stress  treatments. 


Treatment 


Sept.    83* 


Oct.    83 


April  84 


July 


BOTTOM 


C 

RI 

R2 

S 

SRI 

SR2 


RIDGE 


C 

Rl 

R2 

S 

SRI 

SR2 


13 

3 

b 

13 

4 

a 

12 

7 

a 

14 

.4 

a 

13 

4 

ab 

13 

0 

a 

14 

6 

a 

13 

6 

a 

16 

5 

a 

14 

4 

b 

16. 

1 

a 

14 

4 

ab 

11.4 

a 

12.4 

a 

14.1 

13.1 

a 

11.5 

a 

13.1 

a 

13 

3 

a 

13 

1 

a 

16 

1 

a 

11 

.9 

a 

14. 

4 

a 

14. 

6 

a 

16.3 
15.9 
20.5 
18.1 
17.3 
19.8 


14 

9 

a 

15 

3 

a 

16 

1 

a 

12 

.9 

ab 

16 

4 

a 

16 

1 

a 

14.0  a)| 
15.6  a 
16.6 
14.8  a 
15.3 
19.3 


*Means   within  a   row   followed  by   the   same   letter  are  not   significantly   different    (Duncan's   Multiple  Range 
P  <:0.05). 

**Shigoraeter  malfunctioned. 
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HAZARD  RATING  SYSTEMS  AID  SOUTHERN  PINE 
BEETLE  PREVENTION  IN  TEXAS^^ 
Charles  M.  Bryant-^ 


Abstract. --Prevention  is   the  key  to  successful   southern 
pine  beetle   (SPB)  management.     Two  primary  preventive  measures 
needed  for  long-term  SPB  protection  are:     1)   hazard  rating  to 
identify  the  areas  most  likely  to  suffer  severe  SPB  problems 
and  2)   sil vicul tural    treatments   to  reduce  the  probability  that 
severe  SPB  problems  will   occur.     Hazard  rating  systems  can  be 
used  on  several    levels  to  support  integrated  SPB  management 
operations.     Regional   and  state  managers   can  use  area  hazard 
rating  systems   to  direct  SPB  management  resources   to  the  loca- 
tions where  they  will   be  most  effectively  utilized.     Stand 
hazard  rating  can  be  used  to  direct  attention  to  individual 
stands  that  have  a  high  potential   for  beetle-caused  losses. 

Hazard  rating  systems  are  being  implemented  in  Texas  with 
considerable  success.     Commercial   pine  stands   in  a  1.1  million 
acre  area  were  mapped,  hazard  rated,  monitored  for  treatments 
to  reduce  hazard,   and  monitored  for  SPB  incidence.     On  a  per 
acre  basis,   3  times  as  many  infestations  occurred  on  high  and 
extreme  hazard  stands  as  occurred  on  low  and  moderate  hazard 
stands.     Over  11.8  million  acres   in  Texas  were  hazard  rated 
using  an  area-wide  system  developed  by  the  Texas  Forest  Service. 
Although  only  5%  of  the  mapped  area  was  rated  high  hazard, 
these  blocks   contained  almost  40%  of  the  SPB  infestations  de- 
tected in  1982-1983. 


INTRODUCTION 

The  southern  pine  beetle   (SPB)   is   recognized 
as  one  of  the  most  destructive  pests  of  southern 
pine  forests.     However,   problems   caused  by  SPB  are 
not  entirely  due   to  the  insect,   but  arise  from  a 
complexity  of  insect,   host,   and  environmental   fac- 
tors.    Historically,   SPB  management  has  been  di- 
rected at  controlling  the  insect  through  a  crisis 
response  approach  to  the  problem.     Today  however, 
the  forestry  community  must  recognize   that  to 
effectively  manage  SPB,   an   integrated  approach  must 
be  used,   incorporating  a  variety  of  techniques   that 
are  available  for  managing  the  problem.     This  pre- 
ferred approach   to  SPB  management  involves  a  com- 
prehensive strategy  of  early  detection,  prompt  eval- 
uation, prompt  control,   and  preventive  management. 


—'   Paper  presented  at  the  Southern  Sil vi cul- 
tural  Research  Conference,  Atlanta,  Georgia. 
November  7-8,   1984. 

—/  Formerly,  Project  Forester,   Texas   Forest 
Service,   Forest  Pest  Control   Section,   Lufkin,  TX. 
Current] V,   Forester,  Texas  Forest  Service,   District 
12,   Rt.   7,  Box  151,   Conroe,  TX,   77384. 


The  key  element  of  int3grated  SPB  management;  tlq 
critical   measure  needed  for  long-term  SPB  prote^Jn 
is  preventive  management.  j 

The  SPB  prevention  premise  states  that  the 
distribution  of  SPB  infestations   is  not  uniform 
particular  areas   (or  stands)   are  more  susceptib'5 
to  SPB  than  others,  specific  factors  can  be  eva"Lite 
to  assess  SPB  susceptibility,  and  measures  can  ta 
taketi   to  modify  susceptibility  to  SPB  attack.       j 
Specifically,   two  measures  must  be  taken  to  prol3t 
southern  pine  forests   from  SPB  infestation.     The" 
are: 

1)  Hazard  rate  pine  stands  and 
forested  areas   for  SPB 
susceptibility. 

2)  Manage  high  hazard  stands  and 
forests  to  promote  stand  and 
forest  health,  growth,   vigor, 
and  to  reduce  SPB  hazard. 
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There  are  a  number  of  hazard  rating  systems 
ivailable  for  assessing  southern  pine  susceptibility 
to  SPB  (Mason   1984).      In  Texas,    two  hazard  rating 
;ystems  are  commonly  used,  one  designed  for  indi- 
/idual   stands  and  the  other  for  large  forested 
ireas.     These  systems  are  being  used  to  identify 
)otential   problem  areas,    to  determine  which  stands 
leed  sil vicul tural    treatments   to  reduce  SPB-caused 
osses,   to  evaluate  the  resource  or  host  potential 
'or  SPB  outbreak,   and  to  set  improved  priorities 
'or  SPB  management  actions. 


STAND  HAZARD  RATING 

Foresters  have  observed  for  many  years   that 
PB  infestations  occur  repeatedly  on  sites  and  in 
tands  with  similar  characteristics.      Indeed,   some 
ndividual   stands  have  been  noted  for  nearly  con- 
inuous,  year- after-year  SPB  infestation.     Typically 
PB  problem  stands  were  observed  to  be  overstocked 
r  overmature.      It  was  noticed  that  sites  were 
sually  low-lying  and  poorly  drained.     Recently 
nese  observations  have  been   documented  through  an 
|xtensive  research  effort. 

Following  major  SPB  outbreaks   in  the  early 
570's,   the  USDA  Forest  Service  embarked  on  an 
nbitious  effort  to  gather  knowledge  for  a  better 
iderstanding  of  the  SPB  problem  and  to  develop 
Ffective  techniques   to  manage  the  pest.     This 
•'oject--the  Expanded  Southern  Pine  Beetle  Research 
id  Applications  Program  (ESPBRAP)--was   charged 

th  the  task  (among  others)   of  identifying  and 
lantifying  site  and  stand  factors  associated  with 
'B  infestations.     Seven  projects   in  seven  states 
>re  funded  and  coordinated  by  ESPBRAP  to  collect 
".andardized  site  and  stand  data  from  over  3,300 

mtrol    (infested)   and  baseline  (uninfested)   plots. 

te  and  stand  factors   included:     soil    descriptions, 

ope,  landform,   tree  species,   disease,   dbh,   total 
light,  height  to  live  crown,  bark  thickness,   radial 
lowth,  stand  basal   area,  species  composition,  stand 
(igin,  stand  age,   average  diameter,   density,   dis- 

rbance,  and  size  of  infestation. 

1      Coster  and  Searcy  (1981)   reported  in  summary, 
lat  in  the  Gulf  Coastal   Plain  region  SPB  infesta- 
tons   frequently  occurred  on  wet,   low-lying  sites 
v^th  high  site  index.      Infested  stands  often  con- 
tined  higher  volume  and  higher  basal   area  than 
ijnfested  stands. 

I     The  ESPBRAP  site  and  stand  data  collected  in 
T<as  (Hicks  et  al .    1981)  became  the  data  source 
f'  the  development  of  a  stand  hazard  rating  system 
i  Stephen   F.   Austin  State  University.     Six  factors 
(lecies,   composition,   percent  pine  crown  closure, 
arage  dbh,   pine  basal   area,  stand  height,  and 
1  dform)  were  selected  for  use  in   the  hazard  rating 
s.  tern  on  the  basis  of  ease  of  application,  ease 
0  data  collection,  and  suitability  for  photo- 
iierpretation.     Original   data  values  were  converted 
iio  broad  classification  codes.     The  simplified 
Viues  were  used  as   independent  variables   for  a 
s  p-wise  discriminant  analysis  process  designed 


to  select  the  most  significant  variables   for  dis- 
criminating between  infested  and  uninfested  stands. 
The   resulting  discriminant  function  is: 

DS  =  -5.90  +   1.09  PBA  +  0.65  SH  +  0.56  LF 

where : 

DS  =  discriminant  score 
PBA  =  pine  basal   area 
SH  =  stand  height 
LF  =  landform 

The  function  was  then  applied  to  the  original 
data  set  to  produce  a  distribution  curve  of  discrim- 
inant scores  which  was  subdivided  to  establish   low, 
moderate,   high,   and  extreme  hazard  rating  classes 
(Mason  et  al .    1981). 

The  SPB  stand  hazard  rating  system  (the  Texas 
stand  hazard  rating  system)   defines   two  tsasic  types 
of  high  hazard  stands. . .dense,  overstocked  stands, 
and  mature  stands.     Stands   that  are  both  overstocked 
and  overmature  are   rated  extreme  hazard.     Typically, 
high  hazard  overstocked  stands  are   located  on  side- 
slope   landforms.     Pine  basal   area  exceeds   120  sq. 
ft. /acre  and  stand  height  is  between  50  and  75  feet. 
The  system  rates  similar  stands   located  on  bottom- 
land landforms  or  with  stand  height  over  75   feet  as 
extreme  hazard. 

Stands  that  are  not  overstocked  may  be  rated 
high  hazard  if  pine  basal   area  is  between  81  and 
120  sq.   ft. /acre,  stand  height  exceeds   75  feet,   and 
the  stand  is  located  on  a  bottomland  site. 

The  Texas  system  was  first  implemented  on  a 
large  scale  as  a  part  of  a  two  county  (Polk  and 
Tyler)   SPB  technology  demonstration  project  by  the 
Texas   Forest  Service   (TFS)   (funding  was  provided  by 
the  USDA  Forest  Service   Integrated  Pest  Management 
Program).     Medium  scale   (1:20,000)   1978  color  infra- 
red photographs  were  used  to  map  the   1.1  million 
acre  area.     Stands  were  delineated  on  US  Geological 
Survey  topographic  maps.     The  resulting  maps  were 
superimposed  to  produce  a  stand/landform  map  from 
which   the  hazard  ratings  were  calculated.     High 
altitude  aerial   photography  (NASA  1981,  scale 
1:120,000)  was   used  to  update   the  hazard  maps  for 
clearcuts  and  thinnings.     The  final   hazard  map  over- 
lays were  produced  for  7%  minute  US  Geological   Sur- 
vey orthophotographic-quadrangle  maps.     Final   acre- 
ages  (1981)   for  current  host,  potential   host  (clear- 
cuts  and  young  pine  plantations),  and  non-host  were 
compiled  as   follows: 


Acres 


Current  host 

high  and  extreme  hazard 
moderate  hazard 
low  hazard 

Potential   host 

Non-host 


638,000 

70,000 
153,000 
415,000 


297,000 
165,000 
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Copies  of  the  overlays  were  distributed  to  TFS 
offices  in   the   two  county  area  where  they  are  cur- 
rently available  for  use  by  TFS  foresters,  non- 
industrial   private  forest  landowners,   consulting 
foresters,  and  other  interested  individuals.     Non- 
industrial   private  landowners  with  high  and  extreme 
hazard  stands  were  notified  (via  direct  mailout)   of 
the  potential   for  SPB  infestation  in   their  stands 
and  they  were  encouraged  to  thin  or  harvest  when 
pulp  and  timber  markets  are  favorable. 

Major  industrial    landowners  were  provided  with 
copies  of  the  maps  showing  hazard  ratings  for  their 
ownerships.      In   turn,   the  industrial    landowners 
were  asked  to  provide  information  on  the  current 
status  and  5-year  plans   for  their  high  and  extreme 
hazard  stands.     Over  50%  of  the  industrial   high  and 
extreme  hazard  stands  were  harvested  or  thinned  by 
1982  and  50%  of  the   remaining  stands  were  scheduled 
for  treatment  by  1985. 

The   reappearance  of  SPB  in  Texas   during  1982- 
1984  provided  an  opportunity  to  validate   the  Texas 
SPB  stand  hazard  rating  system.     During  this  period, 
254  confirmed  SPB  infestations  were  detected  in 
Polk  and  Tyler  counties  on   low,  moderate,  high,  and 
extreme  hazard  stands.     Twenty-four  percent  of  the 
infestations  occurred  in  high  and  extreme  hazard 
stands.     Many  of  the  infestations   in  low  and  moder- 
ate hazard  stands  were   located  in  high   density  or 
high  hazard  pockets  that  were  too  small    (<10  acres) 
to  be  mapped  as  separate  stands.     Regardless,   the 
concentration  of  infestations   in  high  and  extreme 
hazard  stands  was  substantially  greater  than   in  low 
and  moderate  hazard  stands,  with   3  spots  per  10,000 
acres  of  low  and  moderate  hazard  stands  compared  to 
9  spots  per  10,000  acres  of  high  and  extreme  hazard 
stands. 

Interestingly,   22  additional   infestations  were 
detected  in  areas  mapped  as  young  pine  plantations. 
This   indicates  one  of  two  possibilities.     Either 
stands  previously  thought  to  be  too  young  to  be  con- 
sidered host  material   are  in  fact  susceptible  to  SPB 
or  stands  previously  classified  as  young  pine  plan- 
tations have  grown  into  a  current  host  class   (possi- 
bly moderate  hazard). 

In   1984,   over  90  SPB  infestations  detected  in 
the  Polk  and  Tyler  counties   demonstration  area  were 
visited  to  determine  if  infested  stands  had  been 
thinned.     Only  2  of  90   infestations  occurred  in 
thinned  stands.     Both  stands  had  been   row  thinned 
and  both   infestations  became  inactive  without  con- 
trol ,   killing  10  and  25   trees.     In  several   cases, 
infestations  had  expanded  in  unthinned  stands  until 
they  reached  the  edge  of  a  thinned  stand.     At  this 
point,   the  infestations  either  became  inactive  or 
continued  expanding  only  in  the  unthinned  stand. 


AREA  HAZARD  RATING 

As  particular  pine  stands  are  prone   to  SPB,   so 
are  particular  forested  areas.     During  the  oeriod 
1973  to  1977,  20%  of  the  total   susceptible  acreage 


sustained  over  half  of  the  SPB  infestations  and  1. 
85%  of  the  total    volume  killed  (Billings  and  Br|t 
1983).     Recognizing  that  by  defining  the  site  ar( 
stand  patterns   that  characterize  infestation-pr(r|i 
areas  and  the  occurrence  of  outbreak  population;  ' 
of  SPB,   the  Texas   Forest  Service  developed  a  ha;8Jd 
rating  system  designed  to  identify  areas   that  hn' 
the  greatest  potential    for  severe  SPB-caused  losals. 


The  area-wide  hazard  rating  system  develops 
by  TFS  adopted  as  a  rating  unit  the  5  minute  by 
minute,  ca.  18,000  acre  grid  block  system  estabi 
in  Texas  for  wildfire  and  SPB  operations.  Disci 
inant  analysis  was  used  to  formulate  an  equatior 
that  separates  grid  blocks  into  two  SPB  incident 
severity  groups  given  the  abundance  and  distribi: 
of  susceptible  pine  host  type.  Grid  blocks  witl- 
80  or  more  infestations  (>10  infested  trees)  dui 
a  5-year  period  (1973-1977)  were  classified  as  [ 
susceptible. 


ihe 
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Discriminating  variables  were  obtained  by  ei- 
ial   photo-interpretation  of  site/stand  factors  1  |ii 
high  altitude   (scale   1:120,000)   color  infrared  ^]^ 
aerial   photographs   (November  1974)   of  90  sample  .|d 
blocks.     An  acetate  template,  equal   in  size  to  c 
single  grid  block  with  20,   ca.   30  acre   circular r 
sample  plots  systematically  arranged  in  5  rows  a' 
4  columns,  was  used  to  provide  a  3%  sample  of  eac: 
grid  block. 

Each  of  the  20  circular  plots  was  classifier 
as   f ol  1  ows : 


Host  type 


Classification 


Non-host 
Young  pine 

(less  than   15  years) 
Pine  host 

(15  years  or  more) 


For  each  circular  plot  classified  as  pine  h)j; 
(code  2),   the  following  additional   data  were 
collected: 


Factor 


Value 


Classification 


Percent  pine  coverage  15-69% 

>70% 

Percent  pine  crown  closure     <80% 

>80% 


Landform 


other  terrain 
bottomland 


Discriminating  variables   (A  to  J)   included 
each  possible  combination  of  the  four  photo  inte 
pre ted  factors.     For  each  grid  block,  the  input 
value  for  a  particular  variable  was  equivalents 
the  frequency  of  circular  plots  with   that  partic 
factor  combination. 
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The  equation   formulated  by  the  step-wise  dis- 
;riniinant  analysis   is: 

DS  =  -1.35   -0.108  (A)   +  0.135   (D)   +  0.330   (E) 
+  0.404   (F)   +  0.305   (I)   +  0.271   (J) 

where : 

DS  =  Discriminant  score 

A  =  Non-host 

D  =  Pine  host,  <  70?^  pine  host  coverage, 
<80%  pine  crown  closure,   bottomland 

E  =  Pine  host, <  70%  pine  host  coverape, 

>80%  pine  crown  closure,  other  terrain 

F  =  Pine  host, <  70%  pine  host  coverage, 
>80%  pine  crown  closure,  bottomland 

I  =  Pine  host,    >70%  pine  host  coverage, 

>80%  pine  crown  closure,  other  terrain 

J  =  Pine  host,   >70%  pine  host  coverage, 
>80%  pine  crown  closure,   bottomland 

A  confidence  interval   of  95%  was  calculated 

)r  the  sampling  system.     This  interval  was  applied 

the  threshold  discriminant  score  to  formulate  a 


izard  classification 
Discriminant  Score 

sys 

tern  as   fol lows: 
Hazard  Classification 

<.42 

.42  to  1.11 

>1.11 

Low 

Moderate 

High 

To  date,  656  grid  blocks  covering  over  11.8 
i|nion  acres  have  been  hazard  rated  using  1980- 
'i83  aerial   photography.     Currently,  5%,   11%,   and 
i;X  of  the  grid  blocks  are  rated  high,  moderate, 
id  low  hazard,   respectively.     This  distribution 
^presents  a  dramatic  reduction  in  the  abundance  of 
tgh  hazard  grid  blocks   in  Texas   during  the  last 
(cade.     For  example,   17%  of  the  grid  blocks  were 
ited  as  high  hazard  in   1974,   compared  to  5%  in   1985, 
frthermore,  most  high  hazard  grid  blocks  are  now 
Icated  in  central   eastern  Texas  and  on  the  western 
1inge  of  the  pine  zone,   rather  than   in  southeast 
l<as  as   in   the  1960 's  and  1970' s.     The  greatest 
eventration  of  highly  susceptible  host  type  is 
crently  located  in  the  vicinity  of  the  National 
F-ests   in  Texas. 
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Records  of  SPB  infestation 
re  compiled  and  sutmarized  to 
h:ard  rating  system.  The  resu 
O'r  40%  of  the  1407  confirmed 
d'ing  the  two  year  period  fell 
ohigh  hazard  grid  blocks.  Gi 
ogrid  blocks  by  hazard  class, 
b'cks  contained  an  average  of 
e  te  hazard  grid  blocks  contai 
P'  grid,  and  low  hazard  grid  b 
P  ximately  1  infestation  per  g 


s  during  1982-1983 
validate  the  area 
Its   indicate  that 
infestations   detected 
in  either  moderate 
ven   the  distribution 
high  hazard  grid 
16   infestations,  mod- 
ned  5  infestations 
locks  contained  ap- 
rid  block. 


APPLICATIONS 

The  two  SPB  hazard  rating  systems   used  in 
Texas  provide  hazard  assessments  on  two  levels: 
individual   stands  and  groups  of  stands  or  a  forest 
unit  (18,000  acre  grid  blocks).     A  third  hazard 
rating  level  was   developed  to  provide  a  ranking  of 
counties   in  order  of  SPB  susceptibility.     This  sys- 
tem is  based  on  the  cumulative   rating  of  grid  blocks 
in  each  county.     Low,  moderate,  and  high  hazard  grid 
blocks  are  assigned  weights  of  0,   1,   and  3,   respec- 
tively.    The  weights  are  multiplied  by  the  number 
of»grid  blocks  in  each  class   in  a  given  county  and 
the  product  is   divided  by  the  county's  acreage  in 
suitable  forest  type  (pine  and  mixed  pine-hardwood). 
In  Texas,   this  system  provides  a  more  accurate  basis 
for  predicting  SPB  population   trends   than  do  histor- 
ical  infestation  patterns  as  shown  below: 


Total   Spots 
1973  -   1977 

1  Hardin 

2  Montgomery 

3  Liberty 

4  Jasper 

5  Polk 


Total  Spots 
1982  -  1983 

1  Sabine 

2  Walker 

3  Houston 

4  San  Augustine 

5  San  Jacinto 


County  SPB 
Hazard  (1983) 

1  Sabine 

2  Walker 

3  Houston 

4  San  Jacinto 

5  Montgomery 


The  hazard  rating  process  can  be  carried  an 
additional   step  by  complimenting  host  susceptibility 
information  with  current  SPB  population   information. 
The  result  is  a  risk  rating  system  that  indicates 
the  potential   of  a  given  area  for  SPB  infestations 
considering  both  existing  stand  conditions  and  the 
current  level   of  SPB  activity  in  that  area.     Hazard 
rating  alone  provides  only  an  indication  of  the  po- 
tential  for  SPB  problems  due  to  existing  stand  or 
forest  conditions. 

This  system  improves   the  capability  to  identify 
which  areas  are  most  likely  to  suffer  severe  SPB 
problems  in  a  specific  year.     Low,  moderate,  high 
and  extreme  risk  ratings  are  determined  for  each 
grid  block   from  cumulative  rating  points   for  grid 
block  hazard,  previous  two-years  SPB  activity,  and 
proximity  to  high   risk  grid  blocks. 


DISCUSSION 

The  hazard  rating  systems   described  in  this 
paper  are  extremely  useful   as   tools   designed  to  di- 
rect attention     to  the  stands  and  areas   in  which 
SPB  management  is   critically  needed  and  where  SPB 
management  can  be  most  effective  in  terms  of  losses 
prevented.     However,   identification  and  location  of 
high  hazard  stands  and  areas   represents  only  a  first 
step  in  SPB  preventive  management.     Action  must  be 
taken  to  realize  benefits   from  implementation  of 
these  systems. 

With  the  development  of  an  SPB  hazard  rating 
hierarchy,  actions  can  be  directed  at  three  levels 
of  management:     individual   stands  or  management 
units,  districts  or  groups  of  stands,  and  regional 
or  state  units.     Southern  pine  beetle  management 
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decisions  at  the  state  or  regional    level   can  be 
guided  by  the  county  hazard  rating  system.     Manage- 
ment resources   can  be  directed  to  top  ranking  coun- 
ties where  SPB  problems  are  expected  to  be  most 
severe. 

The  area  hazard  rating  system  also  provides 
decision  support  for  state  or  regional  managers  as 
well   as   individual    landowners.     State  entomologists 
can  use  the  system  to  evaluate  trends  in  host  avail- 
ability and  the  spatial   distribution  of  SPB  host 
type.     By   utilizing  beetle  activity  level   informa- 
tion  (SPB  risk  rating)  entomologists  can  predict 
which  grid  blocks  may  suffer  severe  SPB  problems   in 
a  particular  year  and  provide   forest  landowners  and 
managers  with   this   information.     Landowners  with 
tracts   in  grid  blocks   identified  as  high  hazard  or 
risk  should  consider  the  following: 

1)  Stand  hazard  mapping  to  determine 
which  stands  within  a  grid  block 
have  the  greatest  potential   for 
problems, 

2)  modification  of  harvest  or  thin- 
ning schedules   to  prevent  monetary 
losses  by  harvesting  mature  stands 
before  an  outbreak  occurs   and  to 
reduce  the  potential    for  outbreaks 
by  reducing  the  hazard  and  increas- 
ing the  health  and  vigor  of  stands, 
and 

3)  set  top  priority  for  SPB  detection 
and  control . 

Individual   stands  identified  as  high  hazard 
(particularly  those  in  high  hazard  or  risk  grid 
blocks)   should  be  considered  for: 

1)  silvicultural    treatments 

2)  top  priority  for  control,  and 

3)  pest  moni  toring. 

As  mentioned  previously,   problem  stands  are 
usually  characterized  as  overstocked  and/or  over- 
mature.    Recommended  silvicultural    treatments   to 
reduce  hazard  vary  depending  on  stand  conditions. 
Generally  however,   dense  overstocked  stands  should 
be  thinned  to  70  to  90  sq.    ft. /acre  pine  basal   area. 
Overmature  stands,  because  they  have  passed  their 
greatest  potential    for  growth  and  probably  will   not 
respond  well   to  thinning,  should  be  harvested. 
Market  conditions  and  soil   moisture   (particularly 
on  bottomland  sites)  may  dictate  when  harvest  or 
thinning  can  be  scheduled.     If  high  and  extreme 
hazard  stands  cannot  be  treated,   they  should  be 
monitored  closely  for  SPB  infestations  and  when 
active  infestations  are  detected  they  should  be 
promptly  controlled. 

Bel  anger  and  Malac  (1980)   offer  a  number  of 
recommendations   for  reducing  the  susceptibility  of 
pine  stands   to  SPB  attack.     A  synopsis  of  these 
recommendations  includes:     favor  resistant  species, 
remove  high  hazard  trees,   regulate  stocking,  mix 
pine  and  hardwood,  minimize  logging  damage,   regen- 
erate overmature  stands,  and  minimize  disease  and 


competition  problems.      In  short,  silvicultural 
treatments   that  promote  healthy  growing  stands  cf 
high  quality  pine  timber  at  moderate  stocking  le,ls 
will   provide   long-term  protection   from  SPB.     Goc: 
sound  forest  management  is   good  SPB  management. 
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THEORIES  OF  INTERACTIONS  AMONG  BARK  BEETLES, 


ASSOCIATED  MICROORGANISMS,  AND  HOST  TREESi-' 


1/ 


2/ 


Peter  L.  Lorio,  Jr.,  and  John  D.  Hodges~ 
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INTRODUCTION 

Foresters  and  forest  entomologists  have 
struggled  for  years  to  understand  the  interac- 
tions of  the  southern  pine  beetle,  Dendroctonus 

i  frontalis  Zimm.,  with  trees  and  the  basic  causes 
for  the  onset  of  outbreaks  of  this  insect  (Price 

,  and  Doggett  1982,  Thatcher  and  others  1980, 
Thatcher  1960,  Dixon  and  Osgood  1961).   In  some 
of  the  earliest  reported  work,  Hopkins  (1892, 
1899)  proposed  that  the  southern  pine  beetle 
swarmed  into  forests  previously  not  affected  by 

jthe  beetle  and  caused  enormous  mortality  of 
healthy,  vigorous  trees,  at  least  partly  because 
of  a  lack  of  natural  enemies.   Craighead  (1925), 
MacAndrews,—   Hetrick  (1949),  and  others  sub- 
sequently reasoned  that  some  factor  or  factors 
such  as  drought,  excessive  rainfall,  and  various 
disturbances  such  as  lightning  strikes,  ice 

jstorms,  and  wind  adversely  affected  tree  phy- 

jsiology  and  were  precursors  of  outbreaks. 
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The  prevailing  hypothesis  states  that  the 
physiology  of  the  host  trees  becomes  in  some  way 
abnormal,  thus  causing  trees  to  be  especially 
susceptible  to  bark  beetle  attack.   Berryman 
(1972)  stresses  this  idea  in  an  attempt  to 
develop  an  inclusive  hypothesis  of  conifer 
resistance  to  bark  beetles.   In  spite  of  the 
speculation  in  the  abundant  literature, 
outbreaks  of  the  southern  pine  beetle  develop 
and  collapse  as  mysteriously  as  they  did  in  the 
early  1900 's  (Price  and  Doggett  1982).   Although 
some  factors,  such  as  excessive  stocking, 
senesdence,  and  root  disease,  are  recognized  as 
being  conducive  to  outbreaks  (Hicks  1980, 
Belanger  1980),  adequate  understanding  of  site, 
tree,  and  stand  relationships  with  southern  pine 
beetle  activity  and  population  dynamics  is 
lacking.   These  destructive  forest  pests  have 
remained  puzzling  organisms  in  spite  of  over  70 
years  of  research. 

The  general  level  of  knowledge  concerning 
the  southern  pine  beetle  was  most  recently 
brought  together  in  USDA  Technical  Bulletin  1631 
(Thatcher  and  others  1980).   At  this  stage  in 
research  on  this  important  insect  pest  of 
southern  pine  forests,  many  gaps  in  knowledge 
persist  with  regard  to  the  beetle,  associated 
microorganisms,  and  the  host  trees.   For 
example,  researchers  continue  to  question  the 
means  by  which  host  trees  are  killed.   A 
generally  proposed  hypothesis  states  that  the 
southern  pine  beetle  kills  pines  by  boring 
through  the  outer  bark  to  the  cambial  layer, 
excavating  egg  galleries  in  the  phloem,  and 
effectively  girdling  the  trees  over  much  of  the 
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clear  bole.   However,  southern  pines  are  well 
known  to  live  for  long  periods  following  simple 
girdling.   Also,  it  has  not  been  possible  to 
satisfactorily  simulate  the  type  of  girdling 
caused  by  the  beetles  and  produce  the  apparent 
rapid  killing  associated  with  beetle  attacks. 
Therefore,  some  researchers,  including  the 
second  author  of  this  paper,  believe  that  other 
factors  play  a  role  in  the  process. 

Microorganisms,  especially  the  bluestain 
fungus,  Ceratocystis  minor  (Hedgcbck)  Hunt,  are 
generally  thought  to  play  important  roles  in 
bark  beetle  biology.   Some  investigators  believe 
that  the  bluestain  fungus  is  the  primary  killing 
agent  and  that  the  beetle  is  dependent  upon 
fungal  colonization  for  successful  attack. 
However,  the  mechanism  by  which  the  fungus 
affects  the  physiology  of  beetle-attacked  trees 
has  not  been  satisfactorily  demonstrated. 

Whatever  the  nature  of  the  process  in  which 
beetle-attacked  trees  are  killed,  it  is  clear  that 
the  oleoresin  system  in  southern  pines  must  play 
an  important  role.   Both  the  primary  resin  system, 
most  evident  in  the  network  of  vertical  and  radial 
resin  ducts  in  the  xylem,  and  any  resin  produced 
in  response  to  wounding  or  fungal  infection 
influence  both  beetle  activity  and  fungal  growth. 

One  objective  of  this  paper  is  to  present  a 
general  concept  that  provides  a  sound  basis  for 
conducting  and  evaluating  the  results  of  research 
on  beetle-host  or  microorganism-host  interactions. 
A  second  purpose  is  to  elaborate  on  a  theory  of 
beetle-microorganism-tree  interactions,  to 
illustrate  how  current  knowledge  in  this  area 
applies  to  the  general  concept,  and  to  propose 
how  this  concept  can  be  used  to  guide  future 
research  on  these  interactions. 

We  probably  should  point  out  that  the  authors 
have  concurrently,  but  separately,  arrived  at 
their  positions  and  that  they  are  not  in  total 
agreement.   Individual  contributions  on  the  same 
subject  matter  are  either  in  the  process  of  publi- 
cation or  have  already  been  published  elsewhere. 

GROWTH-DIFFERENTIATION  BALANCE  AND  PLANT  BEHAVIOR 

The  concept  of  growth-differentiation  balance 
(Loomis  1932,  1953)  provides  a  convenient  and 
simplified  scheme  for  predicting  or  explaining 
plant  behavior.   Loomis  offered  the  concept  as  an 
improvement  over  the  carbon-nitrogen  balance  and 
not  as  a  complete  and  final  statement  of  develop- 
mental processes  in  plants  (Loomis  1932).   In 
current  terminology,  the  concept  has  to  do  with 
source-link  relationships  and  the  partitioning  of 
photosynthate  in  plants,  but  it  also  gives  a 
rationale  for  partitioning.   For  example,  with 
water  not  limiting,  photosynthates  are  used  pri- 
marily in  growth,  and  the  new  biomass  consists 
largely  of  proteins  and  cellulose,  with  little 
differentiation.   Also,  under  mild  stress,  dif- 
ferentiation is  favored,  and  the  biomass  has  a 


higher  content  of  lignin,  wax,  and  other 
materials  (Loomis  1983).   In  a  nontechnical 
sense,  plants  tend  to  grow  when  conditions  are  ; 
optimum  for  growth,  and  they  tend  to  do  other 
things  (differentiate)  when  conditions  for 
growth  are  suboptimum. 

Loomis  (1932),  following  common  practice, 
divided  the  development  of  plants  into  three 
more  or  less  distinct  but  overlapping  phases: 
cell  division,  cell  enlargement,  and  cell  dif- 
ferentiation.  The  first  two  are  generally  conit 
sidered  together  as  elements  of  growth  involvl . 
increase  in  plant  size.   The  third  has  to  do 
largely  with  changes  in  morphology  as  a  result 
of  pre-existing  chemical  conditions  in  the  eel' 
or  tissue  involved.   For  the  purposes  of  growt'n. 
differentiation  balance,  Loomis  defined  dif- 
ferentiation as  the  sum  of  the  chemical  change^ 
that  occur  in  maturing  cells  and  of  the  morphoio 
logical  changes  that  result  from  these  chemicaii 
conditions.   Examples  of  differentiation  pro- 
cesses, as  provided  by  Loomis  (1953)  are: 
thickening  and  lignif ication  of  secondary  cell 
walls,  thickening  of  leaf  cuticle,  hardening  oi 
protoplasm,  formation  of  specific  flowering 
substances,  and  production  of  cellular  inclu- 
sions such  as  gum,  resin,  essential  oil,  or 
similar  products. 

Growth,  involving  cell  division  and  cell 
enlargement,  is  dependent  upon  an  array  of 
internal  and  external  factors,  including  tem- 
perature, water,  oxygen,  sugar,  inorganic 
nutrients,  enzymes,  and  hormones.   As  long  as 
all  factors  are  favorable  for  growth,  growth 
processes  predominate  over  differentiation. 
Differentiation  is  dependent  primarily  upon  ten 
perature  and  sugars  and  is  dominant  only  when 
conditions  other  than  temperature  and  photo- 
synthate supply  are  below  optimum  for  growth,   i 
shift  to  dif ferentiat.ion  typically  produces 
more  cuticle,  thicker  cell  walls,  more  resistant 
protoplasm,  and  more  cellular  inclusion  product 
(oils,  gums,  resins,  etc.). 


EXAMPLES  OF  GROWTH-DIFFERENTIATION  BALANCE 

Research  on  guayule  for  the  production  of 
rubber  demonstrated  the  requirement  for  some 
degree  of  water  deficit  in  order  to  maximize 
rubber  production  (Veihmeyer  and  Hendrickson 
1961).   Hevea  rubber  production  is  similarly 
quite  dependent  on  a  reduction  in  growth  and  an 
increase  in  differentiation.   Buttery  and 
Boatman  (1976),  in  a  review  of  research  on  rubbi  i 
production,  point  out  that  the  capacity  of  tree 
to  supply  sucrose  to  laticifers  depends  on 
availability  of  reserve  carbohydrates,  the  pho- 
tosynthetic  capacity  of  the  trees,  the  transpor 
of  sucrose,  and  the  demands  of  other  tissues  in 
the  tree  for  the  same  material. 

The  competition  between  wood  formation  and 
the  biogenesis  of  oleoresin  in  pines  is  another* 
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example  of  growth-differentiation  balance 
(Loomis  1953).   For  southern  pines  growing  In 
the  Southeastern  United  States,  the  most  common 
limiting  seasonal  growth  factor  is  water.   And 
the  effects  of  water  deficits  on  tree  growth  and 
development  have  been  a  subject  of  major 
interest  in  forest  science  (Zahner  1968, 
Kozlowski  1968-1981).   However,  water  deficit 
has  been  given  little  attention  in  terms  of  its 
possible  beneficial  effects  on  the  formation  of 
differentiation  products,  such  as  the  oleoresin 
of  pines.   Growth-differentiation  balance  deter- 
mines when  during  the  growing  season  and  in  what 
tissues  resin  ducts  are  formed  and  oleoresins 
are  produced.   Factors  that  affect  tree  crown 
development  and  radial  growth  likewise  affect 
the  potential  synthesis  of  oleoresin  and  its 
iflow  from  wounds. 


APPLICATION  OF  GROWTH-DIFFERENTIATION 
BALANCE  TO  THE  BARK  BEETLE  PROBLEM 

The  seasonal  activity  of  cambial  meristems, 
with  earlywood-latewood  relationships,  and  the 
seasonal  production  of  oleoresin  form  the  basis 
for  understanding  tree  resistance  to  attack  by 
the  southern  pine  beetle  and  to  infection  by 
associated  fungi.   According  to  the  concept  of 
growth-differentiation  balance,  trees  should 
produce  relatively  little  oleoresin  in  the 
spring  because  conditions  are  generally 
favorable  for  growth.   As  moderate  water  defi- 
:its  develop,  growth  slows,  photosynthates  accu- 
Qulate,  and  differentiation  processes  become 
iominant.   Warm  temperatures  and  an  abundant 
supply  of  sugars,  coupled  with  moderate  water 
leficits  that  slow  growth,  permit  increased  pro- 
luction  of  oleoresin.   And  the  warm  temperatures 
'acilitate  resin  flow  from  wounds  by  lowering 
Ifesin  viscosity. 

Because  of  relationships  involving  growth- 
ifferentiation  balance,  well-hydrated,  fast- 
;rowing  trees  may  be  quite  susceptible  to  beetle 
-.ttack  from  time  to  time — especially  in  the 
pring.   Application  of  the  concept  eliminates 
■he  requirement  for  some  abnormal  physiological 
ondition,  such  as  moisture  stress,  to  pre- 
ispose  trees  to  beetle  attack;  however,  we  know 
hat  severe  water  deficit  will  certainly  ensure 
uccessful  beetle  attack  (Lorio  and  Hodges 
977).   On  the  other  hand,  the  concept  provides 
i|  rationale  for  understanding  why  such  factors 
■s   dense  stands,  old  age,  and  root  disease  are 
ommonly  associated  with  the  susceptibility  of 
ees  to  attack. 


Growth-differentiation  balance  applied  to 
irk  beetle-microorganism-tree  interactions  pro- 
Ldes  a  sound  basis  for  developing  a  real 
iderstanding  of  these  interactions  and  a  philo- 
)phical  basis  for  the  development  of  future 
jsearch. 


ROLE  OF  FUNGI  IN  RESISTANCE  OF 
TREES  TO  BARK  BEETLE  ATTACK 

Several  species  of  fungi  are  known  to  be 
associated  with  the  southern  pine  beetle 
(Francke-Grossman  1965,  Barras  1967,  Barras  and 
Perry  1972), and  a  special  relationship  has 
evolved  between  the  beetle  and  the  fungi. 
Spores  of  the  bluestain  fungus  are  almost 
invariably  carried  on  mites  that  are  phoretic  on 
the  southern  pine  beetle  (Bridges  and  Moser 
1983).   Other  fungi  are  carried  in  a  special 
organ  or  structure  called  the  mycangium,  near 
the  head  of  the  female  beetle.   Apparently,  at 
least  some  of  these  fungi  are  necessary  for  suc- 
cessful attack  or  development  of  the  beetle,  but 
the  relationship  needs  further  study. 

Early  investigations  implicated  the 
bluestain  fungus  in  the  death  of  the  tree  (Caird 
1935,  Craighead  and  St.  George  1938,  Bramble  and 
Hoist  1940).  It  was  assumed  that  invasion  of 
vascular  elements  by  the  fungi  prevented  upward 
movement  of  water  either  by  blockage  or  by 
introduction  of  air,  which  would  break  the  water 
column  within  the  tracheids  (Mathre  1964). 
Anderson  (1960)  suggested  several  mechanisms  by 
which  the  fungi  could  cause  death  of  the  tree; 
these  included:   (1)  production  of  a  toxin,  (2) 
plugging  of  the  tracheids  by  fungal  mycellia, 
(3)  introduction  of  air  bubbles  into  the 
tracheids,  and  (4)  production  of  particles  or 
compounds  that  block  pit  openings  by  causing 
tori  aspiration.   There  is  evidence,  or  at  least 
strong  suggestion,  from  the  literature  that  all 
of  the  above  occur  after  fungal  inoculation,  but 
it  has  not  been  proven  that  they  are  responsible 
for  death  of  the  tree.   Nor  does  it  rule  out  the 
possibility  that  other  mechanisms  are  involved. 
Also,  it  is  possible  that  other  fungi  associated 
with  the  southern  pine  beetle  are  more  important 
in  this  respect  than  is  C.  minor.   For  example, 
several  successful  infestations  of  southern  pine 
beetle  have  been  observed  that  had  no  evidence 
of  £.  minor  (Bridges  and  others  1985). 

A  theory  has  been  presented  (Hodges  and 
others  1984)  that  may  help  to  explain  what  is 
involved  in  both  tree  resistance  to  beetle 
attack  and  death  of  the  tree  after  successful 
mass  attack.   The  hypothesis  states  that  "The 
success  of  beetle  attack,  and  thus  death  of  the 
tree,  is  directly  relpted  to  the  successful 
introduction  of  fungal  inoculum  into  the  living 
tree,  and  the  subsequent  production  of  toxic 
substances  which  in  turn  alter  physiological 
processes  (e.g.,  water  relations)  in  the  tree, 
and  thus  make  the  tree  far  more  susceptible  to 
subsequent  attacks.   Relative  resistance  is 
therefore  a  function  of  the  ease  with  which  ino- 
culum can  be  introduced  and  successfully 
established ." 
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At  least  one  of  the  fungi  (£.  minor)  produ- 
ces substances  that  could  have  toxic  effects  or 
Influence  tree  functions  in  some  way  (McGraw  and 
Hemingway  1977).   These  are  isocoumarin-type 
compounds  (e.g.,  6,  8-dihydroxy-3hydroxymethyl 
isocoumarin)  that  are  very  similar  to  compounds 
produced  by  £.   ulmi,  a  fungus  carried  by 
Scolytus  multistriatus  (Marsham)  (the  smaller 
European  elm  bark  beetle)  and  responsible  for 
the  Dutch  elm  disease.   The  compounds  cause 
increased  transpiration  rates  and  foliage  wilt 
in  elm  (Roberts  1966).  Isocoumarin  compounds 
produced  by  cultures  of  C.  minor  will  increase 
transpiration  rates  in  seedlings  of  loblolly 
pine.   If  this  happens  in  trees  under  attack  by 
the  southern  pine  beetle,  the  trees  should 
encounter  moisture  stress,  exhibit  reduced 
oleoresin  flow  and  exudation  pressure,  and  have 
greater  susceptibility  to  beetle  attack.   Resin 
flow  apparently  depends,  at  least  partly,  on 
exudation  pressure,  but  a  good  relationship  has 
not  yet  been  demonstrated  experimentally 
(Bourdeau  and  Schopmeyer  1958,  Barrett  and 
Bengtson  1964,  Hodges  and  Lorio  1971). 

There  are  other  possible  ways  in  which  com- 
pounds produced  by  fungi  associated  with  the 
southern  pine  beetle  could  lower  resistance  to 
beetle  attack.   Toxic  compounds  could  cause  a 
rapid  decline  in  oleoresin  pressure  and  flow  by 
disrupting  the  normal  functioning  of  membranes 
of  epithelial  cells  that  surround  the  resin 
ducts.   Oleoresin  pressure  is  determined  by  the 
turgor  pressure  of  these  epithelial  cells 
(Hodges  and  Lorio  1971),  and  if  the  membranes 
are  disrupted,  pressure  will  drop  to  zero  and 
flow  should  be  drastically  reduced.   Another 
possibility  is  that  the  fungi  may  produce  com- 
pounds of  high  molecular  weight  that  could  block 
water  transport  in  the  xylem  cells.   Again,  this 
should  result  in  moisture  stress  and  a  reduction 
in  oleoresin  pressure  and  flow.   Such  a  phenome- 
non (blockage)  has  been  observed  in  elm  trees 
Infected  with  C_.    ulmi. 

The  observed  and  hypothesized  sequence  of 
events  involving  interactions  among  beetle, 
fungi,  and  host  tree  are  presented  in  figure  1. 
The  hypothesis  is  best  understood  by  considering 
the  proposed  sequence  of  events  that  happen  when 
mass  attack  occurs  on  a  tree  having  high 
resistance  (high  oleoresin  flow).   The  first 
beetle  attacks  are  usually  unsuccessful  and  no 
fungal  inoculation  occurs.  With  repeated 
attacks,  inoculation  occurs,  and  enough  toxin  is 
eventually  produced  to  alter  tree  physiology, 
reduce  tree  resistance,  and  assure  success  of 
subsequent  beetle  attacks  as  well  as  death  of 
the  tree  and  successful  brood  development.   Also 
illustrated  in  figure  1  is  the  relationship  bet- 
ween tree  resistance  and  beetle  attack  density. 
A  relatively  resistant  tree  may  be  able  to 
sustain  light  attacks,  but  under  mass  attack  any 
tree  can  be  overcome. 


CASE   I 

■~T~ 

Tree    Resistance    —    High 

Low   Attack    Density 

Beetles   "pitched   out" 


No  Fungol   Inoculotion 

1 

Tree    Survives 


Fungal   Inoculation   Occurs 

i 

Hypersensitive   Response;   No   Spreat . 

1 

Tree   Survives 

CASE   II 


Tree   Resistance   —   Low 
Moderate  to   Low  Attack  Density 


Initial  Attacks  Successful 


Tree   Resistance   —   High 
Mass   Attack   Density 


Initial  Attacks  May  Be  Unsucce»:<fj 

/ 


Fungol   Inoculotion   Occurs 

1 
Phytotoxic   Connpounds   Introduced   or 

Produced   in   Tree  Tissue 

1 

Rapid   Decrease  in  Tree  Resistance 
Due  to   Reduction   in  OEP  and   Flow 

Uttle   Resistance   to   Subsequent  Attacks 
Beetle   Survival   High 

i 
Tree   Dies   and   Brood    Is   Produced 


Figure  1.--  Observed  and  hypothesized  sequenoK 
of  events  involving  interactions  among 
beetle,  fungi,  and  host  tree  following 
bark  beetle  attack  (OEP  =  oleoresin 
exudation  pressure). 

EVIDENCE   FOR  AND   IMPLICATIONS   OF   THE   CONCEPTS 

The    fundamental   idea  underlying   both  con-  ' 
cepts    is    that    initial   tree    resistance    is    deter-o 
mined  by   the   oleoresin  system,    principally  the'' 
amount   of    flow    (Hodges   and  others    1979).      The    ■ 
concept   of  growth-differentiation  balance  servei: 
as   a   basis    for  explaining   changes  within  the 
tree    that   lead  to  seasonal   differences   in 
synthesis   and  yield   (flow)    of   oleoresin,    and  tl'- 
concept  of   the   role   of   the   fungi  offers  a 
possible   explanation  of   how   the   beetles   are  abl  i 
to   overcome    a   tree's   natural   defenses. 

Past   research   indicates   strong  support  for 
the   concept   of  growth-differentiation  balance  i 
terms  of   radial  growth  and  carbohydrate  and 
nitrogen  fractions    in   inner   bark.      Data   for 
figures   2-5  were    collected   in  connection  with 
a   study   of    tree    responses    to   induced  soil  water 
deficits    (Hodges   and  Lorio   1969),    and  they 
represent    the    control    (untreated)    trees   of   that 
study.      When   cross-sectional  growth   rates  were 
most    rapid   (fig.    2,   March  -  May),    there   was  a 
marked   decrease    in   total   carbohydrates   of   the     < 
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inner  bark  (fig-  3).   This  decrease  was  pri- 
marily in  the  form  of  starch,  although  reducing 
sugars  also  showed  a  slight  decrease  (fig.  4). 
When  growth  rate  slowed  in  the  summer  months, 
sugars,  especially  non-reducing  sugars,  showed  a 
rapid  accumulation  (fig-  A).   Amino  nitrogen 
also  accumulated  during  the  summer  months  after 
the  period  of  most  rapid  growth  (fig.  5). 

These  findings  strongly  suggest  that  in  the 
spring  months  tree  growth  places  a  preferential 
demand  on  both  current  and  reserve  energy  sour- 
ces. When  growth  slows  in  the  summer  months, 
photosynthesis  continues  at  a  high  rate  and 
there  is  an  excess  of  carbohydrates  over  that 
required,  or  which  can  be  used,  for  tree  growth. 
This  energy  source  then  becomes  available  for 
other  uses,  one  of  which  is  the  production  of 
oleoresin.   Though  not  a  component  of  the  oleo- 
resin,  amino  compounds  are  important  in  the 
overall  synthetic  process,  and  they  also  increase 
in  the  summer  months  (fig.  5). 

Work  by  Harper  and  Wyman  (1936)  with 
longleaf  pine  (Pinus  palustris  Mill.)  and 
Barrett  and  Bengtson  (1964)  with  slash  pine  (P^. 
elliottii  var.  elliottii  Engelm.)  illustrates 
clearly  that  oleoresin  yield  maximizes  in  mid  to 
late  summer.   Although  these  studies  did  not 
examine  growth  and  oleoresin  synthesis  rela- 
tionships, flow  from  wounds  was  definitely  asso- 
ciated with  seasonal  high  temperatures  and  the 
usually  accompanying  water  deficits  and  reduced 


Figure  2. --Cross-sectional   growth  of 
40-year-old  loblolly  pines   {After 

Hodges   and   Lorio,   1969) 


radial  growth.   A  current  study  with  loblolly 
pine  (P^.  taeda  L.)  is  producing  similar  results 
(R.  A.  Sommers,  personal  communication).   Such 
results  closely  fit  the  concept  of  growth- 
differentiation  balance. 
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Figure  3. --Changes  in  total  carbohydrates  and 
starch  content  in  Inner  bark  of  40-year-old 

loblolly   pines    (lifter   Hodges   and  Lorio,    1969) 
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Figure  4. --Changes  in  sugar  content  of  inner 
bark  of  40-year-old. loblolly  pines  (After 
Hodges   and  Lorio,    1969) 


All  of  the  above  discussion  suggests  that 
tree  resistance  to  beetle  attack  should  be  low 
in  the  spring  and  high  in  the  summer. 
Conversely,  successful  attacks  should  be  much 
higher  in  the  spring  than  in  the  summer,  and 
that  is  what  all  our  experience  shows.   In 
essence,  it  simply  means  that  the  lower  the 
amount  of  resin,  the  easier  it  is  for  beetles  to 
overcome  trees.   The  changes  in  carbohydrate  and 
nitrogen  fractions  cited  above  further  indicate 
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that  fungi  inoculated  by  beetles,  or  by  the 
mites  associated  with  them,  would  encounter 
significantly  different  substrate  for  growth, 
depending  on  the  growth  stage  of  the  trees. 
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Figure  5. --Changes  in  nitrogen  fractions 
of  inner  bark  of  40-year-olcl  loblolly 

pine  {After  Hodges  and  Lorio,   1969) 

It  is  clear  that  low  oleoresin  flow  is 
related  to  increased  susceptibility  of  trees 
to  attack  by  the  southern  pine  beetle  (Hodges 
and  others  1979).   Furthermore,  low  flow  can  be 
the  result  of  several  causes,  such  as  moisture 
stress,  reduced  oleoresin  reservoir  (crowded 
trees  — *-   shortened  crowns  — ^  reduced  photo- 
synthate  — ^  low  oleoresin  synthesis),  or  simply 
seasonal  growth  differences  as  outlined  above. 
However,  it  is  not  completely  clear  how  tree 
resistance  (resin  flow)  is  overcome  in  the 
attack  process.   There  is  certainly  evidence  to 
support  the  hypothesis  on  the  role  of  beetle- 
associated  fungi  in  this  regard,  but  it  is  also 
possible  that  early  attacking  beetles  simply 
"bleed"  the  tree  of  oleoresin  to  the  point  where 
subsequent  attacks  meet  little  resistance. 

A  theory  of  host  resistance  by  Berryman 
(1972)  holds  that  resistant  trees  produce  a 
hypersensitive  reaction  that  results  in  for- 
mation of  a  wound  periderm,  with  resin  soaking 
around  the  necrotic  lesion  caused  by  fungal 
infection.   This  reaction  supposedly  stops  the 
growth  of  the  fungi  and  prevents  successful 
beetle  attack  and  tree  death.   This  hypersen- 
sitive reaction  apparently  does  occur  in  some 
cases  after  attack  by  the  southern  pine  beetle, 
but  its  relation  to  tree  resistance  to  beetle 
attack  has  not  been  established.   However,  for- 
mation of  the  reaction  zone  is  dependent  on 
synthesis  and/or  deposition  of  oleoresin, which 
in  turn  would  be  greatly  influenced  by  the 
growth  status  of  the  tree.   If  lesion  formation 
and  resinosis  is  a  function  of  secondary  oleo- 
resin synthesis,  the  carbohydrate  and  growth 
relationships  cited  above  must  play  a  major  role 
in  the  reaction. 


CONCLUSIONS 

We  have  presented  two  concepts,  or  hypot! 
ses,  that  we  feel  will  be  useful  in  developing 
satisfactory  understanding  of  bark  beetle- 
microorganism-host  tree  interactions.   Both 
assume  that  tree  resistance  to  bark  beetle 
attack  is  a  function  of  oleoresin  flow.   One 
a  general  concept  (growth-differentiation  bal 
ce)  that  has  basis  in  plant  physiology-plant 
behavior  relationships,  and  its  application  t ;. 
the  bark  beetle  problem  is  supported  by 
experience  and  past  research.   It  can  be  furt: 
examined  through  the  development  of  studies  si 
cifically  designed  for  that  purpose,  and,  at  1 
same  time,  be  utilized  as  a  guide  for  testing  ii; 
application  of  the  second  concept  presented: 
that  a  tree's  natural  resistance  to  bark  beetiii 
attack  is  overcome  by  involvement  of  fungi  asisi 
elated  with  the  beetle.   Investigators  proposes 
that  substances  produced  by  the  fungi  are 
responsible  for  the  rapid  decrease  in  oleoresj. 
flow  and  the  ease  with  which  subsequent  beetle 
attacks  can  occur. 

The  concepts  presented  may  have  to  be 
modified  in  the  future,  but  for  now  they  server 
as  rational  starting  points  from  which  we  can  n 
design  future  studies  to  enhance  our 
understanding  of  the  overall  relationships  amaii 
trees,  beetles,  and  microorganisms.   For 
example,  studies  are  needed  of  tree  growth 
(earlywood-latewood  relationships),  resin  duct 
formation  and  distribution,  inner  bark  car- 
bohydrate status,  and  oleoresin  yield  within  t 
same  trees  over  the  seasons  of  the  year.  One  r 
such  study  is  in  progress.   Although  we  know 
something  of  seasonal  changes  in  bark  car- 
bohydrates in  loblolly  pine,  we  need  to  study 
changes  over  all  seasons  of  the  year  and  deter- 
mine the  relationships  with  bark  beetle  attack 
fungal  inoculation  responses,  and  beetle  brood" 
development.   Further  work  is  needed  to  clarlf; 
oleoresin  exudation  pressure  and  flow  relation-' 
ships,  as  well  as  how  these  phenomena  are 
related  to  the  growth  and  water  status  of  tree?' 
and  their  resistance  to  bark  beetle  attack. 
Such  studies  offer  significant  challenges  to 
researchers  in  several  complementary  discipline 
in  the  coming  years. 


LITERATURE  CITED 

Anderson,  R.  F. 

1960.   Forest  and  shade  tree  entomology. 
John  Wiley  and  Sons,  N.Y.,  428 
Barras,  S.  J. 

1967.   Thoracic  mycangium  of  Dendroctonus 
frontalis  (Coleoptera:  Scolytidae)  is 
synonymous  with  a  secondary  female 
character.   Ann.  Entomol.  Soc .  Amer. 
60:486-487. 


490 


Barras,  S.  J. ,  and  T.  J.  Perry 

1972.   Fungal  symbionts  in  the  prothoracic 
mycangium  of  Dendroctonus  frontalis 
(Coleoptera:  Scolytidae).   Zelt.  angew. 
Entomol.  71:  95-104. 

Barrett,  J.  P.,  and  G.  W.  Bengtson. 

1964.  Oleoresin  yields  for  slash  pines  from 
seven  seed  sources.   For.  Sci.  10:159-164. 

Belanger,  R.  P. 

1980.   Silvicultural  guidelines  for  reducing 
losses  to  the  southern  pine  beetle.   In 
The  southern  pine  beetle  (R.  C.  Thatcher 
and  others,  eds.),  p  165-177.   USDA  Forest 
Serv.  &  Sci.  and  Ed.  Admin.  Tech.  Bull. 
1631,  267  p. 
Berryman,  A.  A. 

1972.   Resistance  of  conifers  to  invasion  by 
bark  beetle-fungus  associations.   BioScience 
22(10):598-602. 
Bourdeau,  P.  F.,  and  C.  S.  Schopmeyer. 

1958.   Oleoresin  exudation  pressure  in  slash 
pine:  its  measurement,  heritability  and 
relation  to  oleoresin  yield.   In  Physiology 
of  forest  trees  (K.  V.  Thimann,  ed . ) ,  p. 
313-319.   Ronald  Press,  New  York. 
Bramble,  W.  C,  and  E.  C.  Hoist. 

1940.   Fungi  associated  with  Dendroctonus  in 
killing  shortleaf  pines  and  their  effect  on 
conduction.   Phytopathol.  30:  881-899. 
Bridges,  J.  R. ,  W.  A.  Nettleton,  and  M.  D.  Connor. 
1985.   Southern  pine  beetle  (Coleoptera: 
Scolytidae)  infestations  without  the 
bluestain  fungus,  Ceratocystis  minor. 
J.  Econ.  Entomol.  (In  press). 
Bridges,  J.  R. ,  and  J.  C.  Moser. 
j  1983.   Role  of  two  phoretic  mites  in 
1    transmission  of  bluestain  fungus, 

Ceratocystis  minor.   Ecol.  Entomol.  8:9-12. 
Buttery,  B.  R. ,  and  S.  G.  Boatman. 
!  1976.   Water  deficits  and  flow  of  latex.   In 
\        Water  deficits  and  plant  growth  (T.  T. 
Kozlowski,  ed.),  vol.  IV,  p.  233-289. 
Academic  Press,  New  York. 
iJalrd,  R.  W. 

1935.   Physiology  of  pines  infected  with  bark 
beetles.   Hot.  Gaz.  96:  709-733. 
raighead,  F.  C. 

I  1925.   The  Dendroctonus  problems.   J.  For. 
'   23:340-354. 

Craighead,  F.  C,  and  R.  A.  St.  George. 
I  1938.   Experimental  work  with  the  introduction 
of  chemicals  into  the  sap  stream  of  trees 
for  the  control  of  i.isects.   J.  For. 
36:26-34. 
ixon,  J.  C,  and  E.  A.  Osgood. 
1961.   Southern  pine  beetle:  a  review  of 
present  knowledge.   USDA  Forest  Serv.  Res. 
Pap.  SE-128,  34  p. 
rancke-Grossman,  H. 

1965.  Ein  Symbioseorgon  bei  dem  Borkenkafer 
Dendroctonus  frontalis  Zimm.  (Coleoptera: 
Scolytidae).   Naturwissenshaf ten  52:  143. 


(R.  C.  Thatcher 

USDA  Forest 
Tech.  Bull. 


F.  Watson,  and 


Harper,  V.  L.,  and  L.  Wyman. 

1936.   Variations  in  naval-stores  yields 
associated  with  weather  and  specific  days 
between  chippings.   U.S.  Dep.  Agric.  Tech 
Bull.  510,  35  p. 
Hetrick,  L.  A. 

1949.   Some  overlooked  relationships  of 
southern  pine  beetle.   J.  Econ.  Ent. 
42:466-469. 
Hicks,  R.  R.,  Jr. 

1980.   Climatic,  site,  and  stand  factors. 
In  The  southern  pine  beetle 
and  others,  eds.),  p.  55-68. 
Serv.  &  Sci.  and  Ed.  Admin. 
1631,  267  p. 
Hodges,  J.  D.,  W.  W.  Elam,  W 
T.  E.  Nebeker. 

1979.   Oleoresin  characteristics  and  suscep- 
tibility of  four  southern  pines  to  southern 
pine  beetle  (Coleoptera:  Scolytidae) 
attacks.   Can.  Entomol.  111:889-896. 
Hodges,  J.  D.,  and  P.  L.  Lorio,  Jr. 

1969.   Carbohydrate  and  nitrogen  fractions  of 
the  inner  bark  of  loblolly  pines  under 
moisture  stress.   Can.  J.  Bot.  47:1651-1657. 
Hodges,  J.  D.,  and  P.  L.  Lorio,  Jr. 

1971.   Comparison  of  field  techniques  for 
measuring  moisture  stress  in  large  loblolly 
pines.   For.  Sci.  17(2):  220-223. 
Hodges,  J.  D.,  T.  E.  Nebeker,  F.  D.  DeAngelis, 
B.  L.  Karr,  and  C.  A.  Blanche. 

1984.   Host  resistance  and  mortality:  a 
hypothesis  based  on  the  southern  pine 
beetle-microorganism-host  interactions . 
Bull.  Ent.  Soc.  Amer.  (In  press). 
Hopkins,  A.  D. 

1892.   Notes  on  a  destructive  forest  tree 
scolytid.   Science  20(495):  64-65. 
Hopkins,  A.  D. 

1899.   Report  on  investigations  to  determine 
the  cause  of  unhealthy  conditions  of  the 
spruce  and  pine  from  1880-1893.   West  Va. 
Agric.  Exp.  Sta.  Bull.  56,  p.  197-461. 
Kozlowski,  T.  T.,  ed . 

1968-1981.   Water  deficits  and  plant  growth. 
Vol.  I  -  VI.   Academic  Press,  New  York. 
Loomis,  R.  S. 

1983.   Crop  manipulations  for  efficient  use  of 
water:  an  overview.   In  Limitations  to 
efficient  water  use  in  crop  production 
(N.  M.  Taylor  and  others,  eds.),  Chapt.  8A, 
p.  345-374.   ASA-CSSA-SSSA,  Madison, 
Wisconsin,  538  p. 
Loomis,  W.  E. 

1932.   Growth-differentiation  balance  vs 

carbohydrate-nitrogen  ratio.   Proc.  Am.  Soc. 
Hort.  Sci.  29:240-245. 
Loomis,  W.  E. 

1953.   Growth  correlation.   Ln  Growth  and 
differentiation  in  plants.   (W.  E.  Loomis, 
ed.),  p.  197-217.   Iowa  State  College  Press, 
Ames,  Iowa. 


491 


Lorio,  P.  L.,  Jr.,  and  J.  D.  Hodges. 

1977.   Tree  water  status  affects  induced 

southern  pine  beetle  attack  and  brood 

production.   USDA  Forest  Serv.  Res.  Pap. 

SO-135,  7  p. 
Mathre,  D.  E. 

1964.   Effect  of  Ceratocystis  ips  and  £. 

minor  on  the  free  sugar  pool  in  ponderosa 

sapwood.  Contrib.  Boyce  Thompson  Inst. 

22:509-512. 
McGraw,  G.  W.,  and  R.  W.  Hemingway. 
1977.   6,8-dihydroxy-3-hydroxy-methyl 

isocoumarin,  and  other  phenolic  metabolites 

of  Ceratocystis  minor  Phytochem.  16: 

1315-1316. 
Price,  T.  S.,  and  C.  Doggett. 

1982.   A  history  of  southern  pine  beetle 

outbreaks  in  the  southeastern  United  States. 

Georgia  For.  Commission,  Macon,  Georgia. 

35  p. 
Roberts,  B.  R. 

1966.   Transpiration  of  elm  seedlings  as 

influenced  by  inoculation  with  Ceratocystis 

ulmi.   For.  Sci.  12:  44-47. 
Thatcher,  R.  C. 

1960.  Bark  beetles  affecting  southern  pines: 
a  review  of  current  knowledge.   USDA  Forest 
Serv.  South.  For.  Exp.  Sta.,  Occas.  Pap. 
180,  25  p. 

Thatcher,  R.  C,  J.  L.  Searcy,  J.  E.  Coster, 
and  G.  D.  Hertel. 

1980.   The  southern  pine  beetle.   USDA  Forest 

Serv.  Sci.  &  Ed.  Admin.  Tech.  Bull.  1631, 

267  p. 
Veihmeyer,  F.  J.,  and  A.  H.  Hendrickson. 

1961.  Responses  of  a  plant  to  soil-moisture 
changes  as  shown  by  guayule.   Hilgardia 
30:621-637. 

Zahner,  R. 

1968.   Water  deficits  and  growth  of  trees. 
In  Water  deficits  and  plant  growth  (T-  T. 
Kozlowski,  ed.),  Vol.  II,  p.  191-254. 
Academic  Press,  New  York,  333  p. 


492 


CULTURAL  TREATMENTS  IN  LOW-QUALITY  HARDWOOD  STANDS 
FOR  WILDLIFE  AND  TIMBER  PRODUCTION  — '' 
Thomas  A.  Waldrop,  Edward  R.  Buckner,  and  Jack  A.  Muncy  -' 


Abstract.  —  Effective  management  of  low-quality  hard- 
wood stands  in  the  Interior  Uplands  of  the  Southeast  is  dif- 
ficult but  can  yield  increases  in  available  deer  browse  and 
timber  quality.   This  study  tested  two  methods  of  clear- 
cutting  and  prescribed  burning  of  young  stands  as  timber  and 
wildlife  management  tools  in  low-quality  hardwood  stands  of 
the  Cumberland  Plateau  of  East  Tennessee.   Complete  and 
diameter  limit  clearcutting  produced  stands  of  similar  com- 
position and  structure,  both  dominated  by  the  species  pre-, 
sent  before  harvest.   The  removal  of  extra  stems  by  complete 
clearcutting  did  not  significantly  increase  browse  availabi- 
lity as  had  been  expected.   Prescribed  burning  prolonged  the 
availability  of  browse  but  produced  few  changes  in  species 
composition.   However,  available  browse  in  all  clearcuts  was 
underutilized  due  to  lack  of  forest  cover.   Pioneer  species 
remained  essentially  absent  after  both  methods  of  clear- 
cutting  and  prescribed  burning. 


INTRODUCTION 

Stands  of  low-quality  hardwoods  are 
idespread  throughout  the  Interior  Uplands  of 
.Labama,  Tennessee,  and  Kentucky.   The  Cumberland 
Lateau  and  Highland  Rim  Regions  of  Tennessee,  for 
pample,  are  nearly  67  percent  forested  with  3 
.llion  acres  of  commercial  forest  land  (USDA 
Jrest  Service  1982).   Less  than  10  percent  of 
ids  area,  however,  has  at  least  50  percent 
■ocking  with  desirable  growing  stock  trees  (McGee 
,'82).   Estimates  of  the  precise  acreage  of  low- 
;ality  hardwood  stands  in  the  Southeast  vary, 
pending  on  how  these  stands  are  defined.   In 
.neral,  stands  are  considered  to  be  of  low- 
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quality  due  to  low  stocking  and/or  a  high  propor- 
tion of  trees  classified  as  'rough  or  rotten'. 

Low-quality  hardwood  stands  are  generally  the 
result  of  a  long  history  of  mismanagement  or  no 
management  at  all  (TVA  1952,  McGee  1982).   Many 
stands'  are  on  sites  capable  of  being  highly  pro- 
ductive.  However,  production  is  low  due  to 
repeated  wildfires  and  high-grading  in  addition  to 
a  lack  of  protection  from  insects  and  disease. 
Effective  management  of  these  cull-burdened  stands 
presents  many  problems  (Trimble  1963),  but  also  an 
opportunity  for  increased  production  of  both 
wildlife  and  timber  (McGee  1982),   For  management 
to  be  successful,  the  land  manager  must  have  an 
understanding  of  how  various  cultural  treatments 
will  affect  the  composition,  quantity,  and  quality 
of  resulting  vegetation. 

The  Tennessee  Wildlife  Resources  Agency 
(TWRA)  manages  the  Catoosa  Wildlife  Management 
Area,  an  80,000  acre  block  on  the  Cumberland 
Plateau  of  East  Tennessee,  much  of  which  is 
forested  with  low-quality  hardwood  stands.   The 
primary  management  objective  for  these  stands  is 
to  improve  habitat  for  white-tailed  deer 
(OdoGoileus  virginianus)  and  wild  turkey  (Meleagris 
allopavo)  and  also  non-game  species  when  possible 
Arney  and  Pough  1983).   Timber  management  is  also 
of  concern  since  this  provides  much  of  the  funding 
for  wildlife  management.   TWRA  has  tried  several 
management  schemes  to  improve  the  productivity  of 
their  low-quality  hardwood  stands  while  main- 
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taining  quality  habitat  for  deer  and  turkey.   One 
such  scheme  has  been  to  clearcut  hardwood  stands 
and  allow  coppice  regeneration.   Prescribed  fires 
at  3  to  5  years  after  clearcutting  have  been  used 
to  keep  browse  within  the  reach  of  deer  for  longer 
periods  of  time. 

A  study  was  begun  in  1978  to  determine  how 
these  practices  affect  the  structure  and  com- 
position of  resulting  regeneration  as  well  as  the 
quality  of  deer  habitat.   This  study  was  one  phase 
of  a  project  to  develop  a  computer  model  of  forest 
stand  dynamics  for  the  Catoosa  Wildlife  Management 
Area  (Waldrop  1983).   Preliminary  results  (Muncy 
1980,  Muncy  and  Buckner  I981)  indicated  that  after 
one  growing  season,  slightly  larger  numbers  of 
seedlings  and  sprouts  existed  in  areas  that  had 
been  completely  clearcut  (all  stems  >  6  feet  tall 
felled)  than  in  areas  which  had  been  clearcut  to 
a  lower  diameter  limit  of  3  inches  (at  breast 
height).   Species  composition  was  similar  to  that 
of  the  pre-harvest  stand  with  few  pioneer  species 
present.   The  study  was  continued  to  (l)  monitor 
further  stand  development  after  complete  and 
diameter  limit  clearcutting,  (2)  determine  how 
prescribed  burning  of  young  hardwood  stands 
affects  the  composition  and  structure  of  regenera- 
tion, and  (3)  determine  how  clearcutting  and  pre- 
scribed burning  affect  the  browsing  preferences 
of  deer. 


STUDY  AEEA 

The  study  is  located  on  the  Catoosa  Wildlife 
Management  Area  in  Cumberland  County,  Tennessee. 
The  area  is  characterized  as  having  moderately 
hot  summers  and  short,  mild  winters.   Mean  monthly 
temperatures  range  from  35  degrees  (Farenheit)  in 
January  to  73  degrees  in  July  (USDC  1977). 
Rainfall  averages  57  inches  per  year  with  extremes 
of  3  inches  in  October  and  6  inches  in  January. 

The  study  area  is  classified  as  land  type  1 
under  Smalley's  (1982)  classification  of  forest 
sites  on  the  Mid-Cumberland  Plateau.   Such  areas 
are  gently  undulating  to  slightly  rolling.   Slopes 
of  greater  than  6  percent  are  uncommon  so  that 
aspect  is  not  a  dominant  factor  controlling  spe- 
cies occurrences.   Elevation  ranges  from  1,700  to 
1,760  feet.   Soils  of  the  Hartsells  and  Lonewood 
series  are  dominant.   Depth  to  bedrock  is  20  to  ^0 
inches  with  Hartsells  series  soils  and  i+O  to  65 
inches  with  Lonewood  series  soils  (USDA  197^, 
1975).   Both  soils  are  strongly  acidic,  moderately 
well  drained,  and  of  moderately  low  fertility 
(Smalley  1982). 

Forests  of  the  study  area  best  fit  the 
Society  of  American  Forester©  -(SAF  1964)  type  4l 
scarlet  oak  group  which  is  within  the  Oak-Hickory 
Type  Group.   Mature  forest  stands  were  dominated 
by  scarlet  oak  and  post  oak  with  Southern  red  oak 
and  black  oak  as  common  associates  (Table  l). 
(Scientific  and  common  names  of  all  species  are 
included  in  the  appendix).   Pignut  hickory, 
Virginia  pine,  white  oak,  blackjack  oak,  blackgum. 


red  maple,  and  chestnut  oak  were  also  presen 
Major  understory  species  included  sourwood  a  ; 
dogwood. 


METHODS 

The  study  was  established  as  a  split-pli 
randomized  complete  block  design  to  study  th( 
effects  of  two  harvesting  techniques,  prescrj 
fire,  and  browse  on  the  composition  and  quani; 
of  regeneration.  Each  of  two  replications  W£.i[ 
divided  into  three  lO-acre  plots  for  the  mail 
treatments.  Main  treatments  included  (l)  die 
limit  clearcutting,  (2)  complete  clearcutting 
and  (3)  uncut  controls.   Each  main  treatment 


was  split  into  two  5-acre  subplots,  one  of  wl;il; 
was  burned  when  regeneration  grew  out  of  reac : 
for  deer  browsing.   Nine  permanent  sampling  j:Qti 
were  established  in  each  subplot. 


Animal  exclosures,  1/UO  acre  in  size,  we: 
selected  around  two  randomly  selected  samplin  5 
points  in  each  subplot.  By  using  different  s 
fencing,  these  exclosures  were  constructed  so 
deer  were  excluded  from  the  entire  fenced-in  . 
and  rabbits  and  other  small  mammals  were  excl.i 
from  one-half  of  the  area. 


A  buffer  strip  100  feet  wide  was  cut  arccl 
both  the  diameter  limit  and  complete  clearcut' 
plots  to  eliminate  any  edge  effect.   A  total 
acres  was  clearcut  in  one  replication  and  35  ■ 
in  the  other.   Uncut  control  plots  were  locat-.i 
near  cut  areas  but  away  from  any  influence  of 
logging  operations. 


Diameter  limit  and  complete  clearcut  har'' 
were  completed  by  the  early  summer  of  1979. 
Diameter  limit  cutting  was  defined  as  the  remc 
of  all  stems  over  3  inches  dbh.   This  conforms 
Tennessee  Wildlife  Resources  Agency  policy  anc 
was  stipulated  in  contractual  agreements  with 
loggers.   Complete  clear-cutting  was  defined  £: 
the  removal  of  all  stems  over  6  feet  in  heigM , 
The  removal  of  stems  between  6  feet  in  height  j 
3  inches  dbh  was  accomplished  after  the  commer- 
cial logging  operation  had  been  completed. 
Control  plots  were  established  to  provide  a 
comparison  for  other  treatment  plots. 

Prescribed  fires  were  conducted  in  each 
replication  between  the  third  and  fourth  growi 
seasons  after  harvest  (early  spring  I982).  Bu 
were  conducted  on  April  12,  April  l4,  and  May 
1982.   Weather  predictions  called  for  winds  of 
to  15  miles  per  hour  and  low  relative  humiditi 
of  40  percent.   Rain  had  not  fallen  on  the  stu^ 
areas  for  k   days  and  6  days,  respectively  for 
first  two  burn  dates.   Rain  had  not  fallen  for 
days  prior  to  the  third  burn  date.   Due  to  gus' 
winds  and  high  fire  spread  indices,  all  fires  1 
set  to  burn  into  the  wind  (backing  fire).  Firt 
were  set  at  1:00  pm  (Central  Standard  Time),  1' 
am,  and  11:00  am,  respectively  for  the  three 
burn  dates. 
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Table  1. — Pre-harvest  stand  characteristics 


Sawt  imt 

)er  (11. 

0  in. 

and  >) 

Pulpwood 

(3.0  to 

10.9  in.  dbh) 

Av. 

No. 

Basal 

Av. 

No. 

Basal 

Trees 

Area/ Ac. 

Trees 

Area/Ac. 

Species 

pel 

•  Ac. 

sq. 

ft. 

per 

Ac. 

sq. 

ft. 

Oaks 

Scarlet 

13.6 

[31%) 

18.9 

{Wo) 

18.3 

(  w 

3.8 

(  9%) 

Post 

10.1 

(28^) 

9.3 

(22^) 

it6.9 

(21^) 

13.5 

(33?) 

Southern  Red 

U.3 

(12^) 

h.9 

(11^) 

38.0 

(17^) 

6.1+ 

(16?) 

Black 

3.9 

(m) 

k.e 

(11^) 

21+.1 

(11^) 

i+.3 

(10?) 

White 

.6 

(  2%) 

.7 

(  2%) 

16.7 

(  Q%) 

2.7 

(  1%) 

Blackjack 

.6 

(  2%) 

.6 

(  1%) 

1.7 

{.9%) 

.k 

(  1%) 

Chestnut 

.1 

{.k%) 

.1 

{.3%) 

- 

- 

- 

- 

Hickories 

Pignut 

1.2 

(  3%) 

1.7 

(  h%) 

3.2 

(  2%) 

.1+ 

(  1%) 

Mockernut 

.2 

{.6%) 

.2 

{.6%) 

1.9 

(  1%) 

.3 

(  1%) 

Other  Potential 

Overtstory  Hardwoods 

Blackgum 

.k 

(  1%) 

.5 

(  1%) 

2.0 

(    1%) 

»h 

(  1%) 

Red  Maple 

.2 

{.6%) 

.3 

i.m 

2.2 

^    1%) 

.3 

(  1%) 

Understory  Hardwoods 

Sourwood 

.2 

{M) 

.1 

{.3%) 

32.2 

(15^) 

3.5 

(  8?) 

Dogwood 

- 

- 

- 

- 

6.7 

(  3%) 

.6 

(  1?) 

Pines 

Virginia 

.9 

(  2%) 

.8 

(  2%) 

23.5 

(11^) 

14.5 

(11?) 

Total 

36.2 

(100^) 

it2.7 

(100^) 

217.it 

(100^) 

Ul.l 

(100?) 

Inventories  of  all  study  plots  were  conducted 
prior  to  harvest.   Each  sawtimher-sized  tree  (ll 
in.  dhh  and  >)  located  on  each  1/5  acre  subplot 
was  mapped  in  relation  to  the  plot  center 
measured  for  height  and  dbh,  and  recorded  by  spe- 
cies.  The  saiue  was  done  for  each  pulpwood-sized 
tree  (3  to  10.9  in  dbh)  on  1/20  acre  plots  and 
each  sapling-sized  tree  (6  ft.  tall  to  2.9  in. 
dbh)  on  1/1+0  acre  plots.   Regeneration-sized  trees 
(<  6  ft.  tall)  on  1/100  acre  plots  were  tallied  by 
species  nad  by  the  presence  or  absence  of  evidence 
of  browse. 

Similar  inventories  were  conducted  at  the 
beginning  and  end  of  the  third  and  fourth  growing 
seasons  after  harvest  (l  year  before  and  1  growing 
season  after  prescribed  burning).   Each  tree  in 
uncut  control  areas  was  tallied  as  either  alive  or 
dead.   Uncut  trees  in  clearcut  areas  were  measured 
jfor  height  and  dbh.   If  a  tree  had  been  cut,  the 
number  of  basal,  stump,  and/or  root  sprouts  pro- 
duced by  the  stump  was  recorded.   Regeneration  in 
1/100  acre  plots  was  again  tallied  by  the  number 
of  trees  of  each  species  and  the  number  showing 
evidence  of  browse. 

A  factorial  arrangement  of  the  analysis  of 
variance  was  used  to  test  for  differences  in  the 
Qumber  of  stems  for  each  of  three  factors. 
Factors  included  two  methods  of  clearcutting 
(diameter  limit  and  complete),  10  species,  and  two 
classes  of  saplings  (seedlings  and  sprouts).   T- 
-ests  were  used  to  compare  the  sprouting  charac- 
teristics observed  in  each  type  of  clearcut. 


RESULTS 

Clearcutting  Treatments 

Regeneration  following  the  third  growing 
season  after  clearcutting  was  similar  to  the 
1-year-old  stand  as  described  by  Muncy  and  Buckner 
(1981).   Slightly  larger  numbers  of  seedlings  and 
sprouts  of  most  species  occurred  in  the  complete 
clearcut  areas  than  in  areas  harvested  by  the 
diameter  limit  method.   However,  this  difference 
was  not  statistically  significant  and,  therefore, 
further  discussion  will  characterize  a  single 
stand  by  combining  data  from  both  types  of  clear- 
cuts. 

After  three  growing  seasons  the  total  number 
of  stems  per  acre  was  6,l68  (Table  2),  an  increase 
of  25  percent  over  the  1-year-old  stand.   Of  this 
total,  38  percent  were  seedlings  and  62  percent 
were  sprouts.   The  oak  group  composed  2k   percent 
of  the  total  regeneration  while  38  percent  was 
from  other  potential  overstory  hardwoods 
(including  the  hickories).   Thirty-seven  percent 
of  the  regeneration  consisted  of  understory  hard- 
wood species  while  only  0.8  percent  consisted  of 
pines. 

Scarlet  oak  was  the  most  abundant  oak  species 
with  651  seedlings  and  sprouts  per  acre.   Black 
oak.  Southern  red  oak,  post  oak,  and  white  oak 
were  also  abundant  with  3l+3,  I89,  151,  and  111 
stems  per  acre,  respectively.   Two  species,  black- 
gum  and  red  maple,  predominated  in  the  category  of 
other  potential  overstory  hardwoods.   Blackgum  was 
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Table  2. — Regeneration  three  years  after  clearcutting 
(both  cutting  treatments  combined) 


Species 


Seedlings 


Sprouts 


Total 


Blackjack 

20.8 

Scarlet 

588.9 

Black 

255.6 

Southern  Red 

116.7 

Post 

9i+.4 

White 

84.7 

Hickories 

Pignut 

59.7 

Mockernut 

11.1 

Other  Potential 

Overstory  Hardwoods 

Blackgum 

59^.4 

Red  Maple 

115.6 

Persimmon 

31.9 

Black  Locust 

^+1.7 

Understory  Hardwoods 

Sassafras 

111.1 

Dogwood 

63.9 

Sourwood 

30.6  ( 

Serviceberry 

5^.2   ( 

Am.  Holly 

9.7  ( 

Am.  Chestnut 

_ 

Pines 

Virginia 

45.8  ( 

White 

2.8  ( 

Mean  Number  Per  Acre 

2.8  (  0.1 

62.5  (  1.6 

87.5  (  2.3 

72.2  (  1.9 

59.7  (  1.6 

26.4  (  0.7 

88.9  (   2.3 

9.7  (   0.3 


520.8  (13.7 

831.9  (21.9 
6.9   (    0.2 


(  0 

.9) 

(24 

.8) 

(10 

.8) 

(  4 

.9) 

(  4 

.0) 

(  3 

.6) 

(  2 

5) 

(  0 

5) 

(25 

0) 

(  6 

6) 

(  1. 

3) 

(  1. 

8) 

(  4. 

7) 

(  2. 

7) 

(  1. 

3) 

(  2. 

3) 

(  0. 

4) 

(  1. 

9) 

(  0. 

1) 

1763.9  (46.5 

165.3  (   4.4 

77.8  (   2.1 

1.4  (   0.1 

1.4  (   0.1 

15.3  (   0.4 


Percent)  — 
23.6 
651.4 
343.1 
188.9 
154.1 
111.1 

148.6 
20.8 


1115.2 

987.5 

38.8 

41.7 

1875.0 
229.2 

108.4 
55.6 
11.1 
15.3 


45.8 
2.8 


0.4 
10.6 


2.4 
0.3 


18.1 

16.0 

0.6 

0.7 

30.4 

3.7 
1.8 
0.9 
0.2 
0.2 

0.7 
0.1 


Totals 


2373.6  (100)     3794.4  (100)     6168.0  (100) 


the  most  abundant  of  all  overstory  species  with 
1,115  stems  per  acre.   Red  maple  had  988  stems  per 
acre  of  which  832  (84  percent)  were  classified  as 
sprouts. 

Sassafras  regeneration  was  the  most  abundant 
of  the  understory  hardwoods  with  1,875  stems  per 
acre.  The  majority  (94  percent)  was  of  sprout 
origin.  Dogwood  and  sourwood  seedlings  and 
sprouts  were  common  and  American  holly  seedlings 
were  observed  occasionally.  Sprouts  of  American 
chestnut  were  present  but  infrequent. 

The  presence  of  pioneer  species  in  study 
plots  was  smaller  than  had  been  expected. 
Virginia  pine  seedlings  composed  0.7  percent  of 
the  total  regeneration  (46  seedlings  per  acre) 
while  Eastern  white  pine  accounted  for  only  0.1 
percent  (3  per  acre).   Yellow-poplar  and  black 
locust  are  common  in  the  general  area  but  were 
essentially  absent  from  study  plots.   Since  larger 
quantities  of  pioneer  species  were  observed  in  the 
buffer  areas  around  study  plots,  the  distance  from 
a  seed  source  to  study  plots  may  partially  account 
for  their  absence. 

Sprouting  remained  the  most  common  form  of 
regeneration  through  the  third  growing  season 
(Table  2).   No  significant  differences  were 
detected  between  diameter  limit  and  complete 
clearcuts  in  the  number  of  sprouts  per  cut  tree 


or  in  the  height  of  the  dominant  sprout  from  ea 
stump.   Although  not  statistically  significant, 
the  total  number  of  stems  per  acre  was  slightly 
larger  in  complete  clearcut  areas  than  in  diame' 
limit  clearcuts.   This  increase  was  due  to  the 
greater  number  of  understory  hardwoods  harvestec 
in  the  complete  clearcuts  and  the  prolific 
sprouting  characteristic  of  some  of  these  specif 
particularly  sassafras.   The  increased  sprouting: 
of  understory  hardwoods  in  complete  clearcut  are 
is  potentially  beneficial  to  wildlife  for  browse 
but  is  of  little  value  to  timber  management. 

Significant  differences  in  sprouting  charac- 
teristics occurred  between  the  various  size 
classes  and  species  of  trees  harvested.   Seventy  • 
seven  percent  of  the  stumps  of  sapling-sized 
trees  had  live  sprouts  after  3  years.   However, 
this  percentage  decreased  with  increased  stump 
size.   Thirty-nine  percent  of  the  stumps  of  pulp  ■ 
wood-sized  trees  had  live  sprouts  while  only  4 
percent  of  the  stumps  of  sawtimber-sized  trees 
sprouted.   Of  all  species,  red  maple  was  the 
most  prolific  sprout  producer  with  6.2  and  l4.8 
sprouts  per  cut  stem  for  sapling-  and  pulpwood- 
sized  trees,  respectively.   For  most  species, 
basal  sprouts  were  the  most  abundant  of  the  thre- 
types  of  sprouts  observed  (basal,  stump,  and  roo" 
sprouts).   This  indicates  that  stumps  should  be 
cut  as  low  as  possible  for  well-formed  coppice 
regeneration. 
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Prescribed  Burning 

The  prescribed  burn  conducted  on  the  third 
burn  date  (May  2)  was  blown  across  plowed  fire 
lines  by  gusty  winds.   As  a  result,  all  clearcut 
plots  in  one  replication  were  burned.   Since  this 
left  no  comparison  of  regeneration  in  burned  and 
unburned  plots,  no  statistical  tests  of  the 
effects  of  prescribed  burning  were  possible. 
Many  effects  were  obvious,  however,  and  will  be 
discussed. 

One  year  after  burning,  sprouts  remained  more 
abundant  than  seedlings.   Most  stumps  that  had 
live  sprouts  before  burning  resprouted  after  the 
fire  (Table  3).   This  trend  varied  somewhat  by 
species  and  diaiaeter  class.   Seventy-nine  percent 
of  the  stumps  from  sapling-sized  trees  that  were 
alive  just  prior  to  burning  survived  the  fire. 
Survival  rates  of  the  oaks  in  this  size  class 
were  generally  above  60  percent.   Black  oak,  white 
oak,  and  Southern  red  oak  had  survival  rates  of  95, 
83,  and  88  percent,  respectively.   Other  species 
in  the  sapling  size  class  with  good  survival  rates 
included  mockernut  and  pignut  hickories,  blackgum, 
red  maple,  sassafras,  and  sourwood.   Of  the  sur- 
vivors in  the  pulpwood  size  class,  the  oaks  were 
|the  most  abundant.   Black  oak  had  the  best  sur- 
Ivival  rate  of  all  species  observed  in  this  size 
jclass.   Very  few  sawtimber-sized  stumps  had 
sprouts  before  burning.   Of  those  that  did,  stumps 


of  scarlet  oak  and  pignut  hickory  had  excellent 
survival  rates. 

Prescribed  burning  produced  few  changes  in 
species  composition.   Study  plots  in  both  burned 
and  unburned  clearcut s  had  a  large  component  of 
oaks  (Table  h) .      In  both  areas,  stems  of  black  oak 
and  scarlet  oak  were  the  most  abundant  oak  species. 
The  oaks  as  a  group  made  up  22.6  percent  of  the 
stem  count  in  unburned  plots  and  I8.8  percent  in 
burned  plots.   This  difference  may  be  due  to  the 
sprouting  characteristics  of  sassafras  and  black- 
giim.   Burning  may  have  stimulated  the  sprouting  of 
sassafras  and  blackgum  as  shown  by  the  large  in- 
crease in  the  stem  numbers  of  these  species  in 
burned  plots.   These  two  species  combined  had  over 
6,600  stems  per  acre  in  burned  plots  which  was 
almost  equal  to  the  total  number  of  stems  in  un- 
burned plots  (7,178).   The  numbers  of  oak  stems 
remained  relatively  unchanged  after  burning. 
Burned  plots  had  a  total  of  1,9^5  oak  stems  per 
acre  while  unburned  plots  had  1,622,   However,  with 
the  large  increase  in  the  numbers  of  blackgum  and 
sassafras  stems,  oak  percentages  decreased. 

An  opposite  trend  after  burning  was  observed 
with  red  maple.   Even  though  red  maple  was  a  pro- 
lific sprouter  and  had  good  sruvival  rates  (Table 
3),  the  average  niunber  of  stems  per  acre  was  much 
smaller  in  burned  plots  than  in  unburned  plots. 


Table  3. — Survival  of  stumps  in  complete  and  diameter  clearcuts  after 
prescribed  fire 


Sapl 

ing 

Pulpwood 

Sawtimber 

(6 

'  tall- 

2.9" 

dbh) 

(3.0"-10 

.9"dbh) 

(11.0"  dbh 

and  >) 

No. 

alive 

No. 

alive 

No.  alive 

No. 

alive 

No.  alive 

No. 

alive 

before 

after 

before 

after 

before 

a 

fter 

Species        burning 

burning 

burning 

burning 

burning 

burning 

Oaks 

(  %) 

(  %) 

(  %) 

Blackjack 

2 

0 

(  0) 

2 

0 

(  0) 

- 

- 

- 

Scarlet 

111 

8 

(57) 

36 

25 

(69) 

7 

5 

(71) 

Black 

56 

53 

(95) 

18 

15 

(83) 

- 

- 

- 

White 

21+ 

20 

(83) 

26 

15 

(58) 

- 

- 

- 

Southern  Red 

33 

29 

(88) 

23 

15 

(65) 

- 

- 

- 

Post 

22 

11+ 

(61+) 

1I+ 

10 

(71) 

3 

1 

(33) 

Hickories 

Mockernut 

9 

8 

(89) 

3 

3 

(100) 

- 

- 

- 

Pignut 

50 

1+1 

(82) 

- 

- 

- 

3 

2 

(67) 

'         Other  Potential 

Overstory  Hardwoods 

Blackgum 

79 

60 

(76) 

- 

- 

- 

1 

0 

(  0) 

Red  Maple 

7 

5 

(71) 

2 

0 

(  0) 

- 

- 

- 

Understory  Hardwoods 

Am.  Chestnut 

2 

0 

(  0) 

- 

- 

- 

- 

- 

- 

Am.  Holly 

2 

2 

(100) 

- 

- 

- 

- 

- 

- 

Serviceberry 

1 

0 

(  0) 

- 

- 

- 

- 

- 

- 

Sassafras 

83 

67 

(81) 

- 

- 

- 

- 

- 

- 

Sourwood 

20 

15 

(75) 

65 

1+1 

(63) 

- 

- 

- 

Dogwood 

16 

10 

(63) 

7 

h 

(57) 

- 

- 

- 

Totals 

1+20 

332 

(79) 

196 

128 

(65) 

11 

8 

(72) 

k' 
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This  difference  may  te  due  to  the  distribution  of 
red  maple  through  the  study  plots  rather  than  to 
burning.   Before  burning,  the  distribution  of  red 
maple  was  observed  to  be  patchy.   Stems  of  this 
species  appeared  to  be  more  abundant  in  plots  that 
were  to  be  left  unburned.   Had  red  maple  been 
more  uniformly  distributed,  it  may  have  shown  a 
different  response  to  fire. 

Table  h. — Regeneration  one  year  after  prescribed 
burning  (four  years  after  clearcutting) 


Species 


Burned 


Unburned 


Stems  Per  Acre  {%] 


Oaks 


Scarlet 

119.6 

7.5) 

500.1 

(  7.0) 

Black 

it53.T 

k-A) 

716.7 

(10.0) 

Southern  Red 

359.3 

3.5) 

161.1 

(  2.2) 

Post 

209.3 

2.0) 

138.9 

(  1.9) 

White 

138.9 

1.3) 

105.6 

(  1.5) 

Chestnut 

3.7 

0.1) 

- 

- 

Hickories 

Pignut 

112.0 

1.1) 

249.9 

(  3.5) 

Mockernut 

22.2 

0.2) 

39.0 

(  0.5) 

Other  Potential 

Overstory  Hardwoods 

Blackgum.        2 

,631.5 

(23.5) 

750.0 

(10.4) 

Red  Maple 

296.3 

1,105.5 

(15.4 

Persimmon 

14.9 

55.5 

(  0.8) 

Black  Locust 

270. i+ 

166.8 

(  2.3) 

Black  Cherry 

1.9 

5.7 

(  0.1) 

Yellow-poplar 

- 

11.1 

(  0.2) 

Understory  Hardwood 

s 

Sassafras       h 

,050.0 

(39.2) 

2,177.7 

(30.3) 

Dogwood 

I8T.O 

1.8) 

183.3 

(  2.6) 

Sourwood 

41+6.3 

4.3) 

583.2 

(  8.1) 

Serviceberry 

5.6 

0.1) 

50.1 

(  0.7) 

Am.  Holly 

11.1 

0.1) 

16.8 

(  0.2) 

Am.  Chestnut 

5.6 

0.1) 

111.1 

(  1.5) 

Winged  Sumac 

357.4 

3.5) 

5.7 

(  0.1) 

Pines 

Virginia 

l.h 

( 

0.1) 

44.7 

(  0.6) 

Totals           10 

,339.0 

7,178.4 

(100) 

The  frequency  of  pines  and  other  pioneer  spe- 
cies remained  low  in  both  burned  and  unburned 
plots.   Virginia  pine  was  the  only  pine  species 
observed,  although  shortleaf  pine  and  Eastern 
white  pine  are  native  to  the  region.   The  average 
number  of  Virginia  pine  seedlings  per  acre  was 
44.7  in  unburned  plots  and  only  7.4  in  burned 
plots.   Yellow-poplar  was  observed  in  unburned 
plots  at  the  rate  of  only  11.1  seedlings  per  acre. 
No  seedlings  or  sprouts  of  this  species  were 
found  in  burned  plots. 

The  structure  of  regeneration  was  also  un- 
changed by  prescribed  burning.   Basal  sprouts 
remained  the  most  common  form  of  regeneration  in 
both  burned  and  unburned  plots.  A  few  root  sprouts 
were  observed  near  stiimps  of  pignut  hickory, 
blackgum^  and  sassafras  while  an  occassional  st\imp 
sprout  of  scarlet  oak  or  dogwood  was  observed. 


lie 


t 


Browsing 

The  incidence  of  browsing  in  study  areas  w 
minimal.  During  data  collection  at  the  end  of 
fourth  growing  season  (1982),  over  7,000 
regeneration-sized  trees  were  observed.  Of  th 
only  93  showed  evidence  of  browse.  This  numbe 
even  smaller  at  the  end  of  the  third  growing 
season.  Therefore,  it  was  assumed  that  browsi 
had  no  affect  on  the  structure  and  composition 
regeneration.  In  addition,  no  comparisons  wer 
made  on  deer  preferences  to  browsing  in  diamet 
limit  or  complete  clearcuts  as  well  as  burned  > 
unburned  clearcuts. 

Muncy  (198O)  noted  that  browsing  occurred  i 
often  along  haul  roads  and  skid  trails  within  i 
plots.  This  trend  was  repeated  during  the  thi] 
and  fourth  growing  seasons.  Of  those  species  1 
were  browsed,  sassafras  and  blackgum  sprouts  wc 
most  common.  Blackgiun  is  listed  as  a  preferrec 
species  for  deer  browse  in  Tennessee  while 
sassafras  is  listed  as  a  common  food  (Hurd  I98C 
Occassional  browsing  of  black  oak,  pignut  hickc 
and  red  maple  was  also  observed. 

The  location  of  sampling  points  within  cleaij 
cut  areas  may  offer  an  explanation  for  the  smal 
number  of  browsed  stems  observed.  Sampling  poi 
were  located  near  the  center  of  nearly  square-sh; 
30  and  35  acre  clearcuts.  Buffer  strips,  100  f 
wide,  were  cut  around  study  plots  further  isola 
points  near  the  center  of  large  cuttings.  More 
evidence  of  browsing  was  observed  in  buffer  str 
than  within  sampling  plots.  This  may  have  been 
to  the  proximity  of  buffer  strips  to  cover  prov 
by  the  forest  edge.  Buffer  strips  were  large  e 
and  contained  sufficient  browse  that  deer  likel; 
remained  in  these  areas  rather  than  entering  st 
plots.  Also,  study  plots  were  in  a  heavily  hun' 
area  where  deer  are  not  likely  to  wander  far  fn 
the  protective  cover  of  a  forest  stand. 


Observations  of  browsing  may  be  more  valuable 
in  future  studies  as  stands  close  and  much  of  tie 
regeneration  in  buffer  areas  is  shaded  out.   Unc  Sj 
these  conditions,  browsing  animals  will  have  to 
cover  a  larger  area  to  obtain  food,  possibly 
causing  a  more  noticeable  impact  on  species  com- 
position and  tree  growth  rates  in  study  plots. 


DISCUSSION 

Species  composition  of  regeneration  after  cl ; 
cutting  a  low-quality  hardwood  stand  was  largely 
a  function  of  the  sapling-and  pulpwood-sized  tre 
harvested.  Sprouts  from  cut  stems  of  these  size 
classes  composed  a  large  portion  of  the  regenera 
stand  since  pioneer  species  and  sprouts  from  saw 
timber-sized  trees  were  essentially  sbsent.  See 
lings  that  were  a  component  of  the  regenerated  s'  id 
tended  to  be  of  the  same  species  as  the  harvests 
trees,  suggesting  that  root  suckering  may  be  mor 
important  than  visual  observation  would  indicate 
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^generation  and  stand  development  were 
elatively  unaffected  by  the  choice  of  either 
[iameter  limit  or  complete  clearcutting  methods, 
loth  treatments  resulted  in  stands  that  were 
pproximately  2^4  percent  oak,  3  percent  hickory, 
.nd  3^*  percent  blackgum  and  red  maple,  with  the 
emainder  being  mostly  sassafras  (Table  2).   Even 
hough  large  stumps  tended  not  to  produce  sprouts, 
he  extra  expense  of  harvesting  stems  between  6 
eet  in  height  and  3  inches  dbh  in  a  complete 
vlearcut  proved  to  be  of  little  value  in  terms  of 
jnproved  timber  quality  and  wildlife  habitat.   A 
ufficient  number  of  small  stems  '  was  harvested  by 
he  diameter  limit  method  to  produce  large  niombers 
f  sprouts.   Seed  germination  provided  an  addi- 
ional  quantity  of  stems  resulting  in  adequate 
tand  regeneration  and  browse  availability, 
tierefore,  diameter  limit  clearcutting  would  be 
ecommended  over  complete  clearcutting  for  stands 
hat  have  a  sufficient  quantity  of  pulpwood-sized 
rees  (3.0  to  10.9  in.  dbh)  to  yield  adequate  cop- 
ice  regeneration.   Prior  to  harvest,  almost  50 
ercent  of  the  basal  area  in  the  stand  used  for 
jhis  study  was  from  pulpwood-sized  trees, 
omplete  clearcutting  should  only  be  necessary 
|here  the  pulpwood-sized  component  of  the  stand  is 
uch  smaller. 


Prescribed  burning  of  young  clearcuts  proved 
b  be  of  little  value  in  terms  of  controlling  spe- 
ies  composition.   Regeneration  observed  one  year 
fter  burning  was  very  similar  to  that  observed 
pe  first  year  after  clearcutting.   Species  com- 
[osition  was  similar  in  burned  and  unburned  plots, 
ioth  being  dominated  by  oak  seedlings  and  sprouts. 


Prescribed  burning  provided  several  benefits 
for  timber  management  including  improved  accessa- 
bility  to  the  site,  protection  from  wildifre,  and 
improved  sprout  quality.   Logging  debris  was  abun- 
dant in  all  clearcut  areas  before  burning,  creating 
a  physical  barrier  to  travel.   Since  the  slash  had 
cured  for  almost  four  years,  it  also  represented 
a  dangerous  wildfire  hazard.   Prescribed  burning 
provided  an  inexpensive  method  for  slash  removal. 
Sprout  quality  was  improved  by  burning  the  tops  of 
stumps.   Therefore,  resulting  sprouts  originated 
from  a  point  closer  to  the  ground  which  should 
lower  the  rate  of  decay  (Roth  and  Sleeth  1939, 
Huntley  and  McGee  198l). 

In  summary,  diameter  limit  clearcutting 
followed  by  natural  regeneration  proved  to  be  an 
adequate  management  technique  for  timber  and  deer 
management  considerations  in  low-quality  hardwood 
stands.   Complete  clearcutting  provided  extra 
expense  with  few  beneficial  results.   Prescribed 
burning  improved  browse  availability  by  keeping  it 
within  reach  of  deer  for  a  longer  time  period. 
However,  this  additional  browse  was  not  utilized 
possibly  due  to  the  size  and  shape  of  clearcuts. 
Prescribed  burning  proved  to  be  more  beneficial 
for  timber  stand  improvement  than  for  enhancing 
habitat  for  deer.   Stand  composition  and  structure 
appeared  to  be  affected  more  by  species  composition 
before  harvest  than  by  choice  of  clearcutting 
method,  prescribed  burning,  or  browsing.   Most  re- 
generation in  burned  and  unburned  areas  of  both 
complete  and  diameter  limit  clearcuts  consisted  of 
sprouts  from  the  stumps  of  sapling-  and  pulpwood- 
sized  trees. 


Prescribed  burning  had  a  greater  affect  on 
rowse  availability  than  on  species  composition  or 
tructure.   The  most  obvious  differences  between 
urned  and  unbruned  plots  were  the  sizes  and  ages 
■f  the  regeneration.   Burned  clearcuts  had  small 
fryear-old  seedlings  and  sprouts  while  unburned 
learcuts  had  larger  4-year-old  seedlings  and 
prouts.   Although  the  unburned  clearcuts  were 
^11  young,  regeneration  was  beginning  to  grow 
lit  of  the  reach  of  deer.   Prescribed  burning  top- 
jilled  most  stems  resulting  in  continued  sprouting, 
tierefore,  browse  should  remain  within  reach  for 
pveral  additional  years. 

I   Even  though  burning  created  favorable  con- 
itions  for  deer,  browsing  was  minimal  in  study 
Lots.   However,  evidence  of  heavy  browsing  was 
oserved  in  buffer  strips  around  study  plots, 
-iture  recommendations  for  prescribed  burning  of 
Dung  clearcuts  should  include  considerations  of 
le  size  and  shape  of  the  clearcut.   In  a  large  or 
Lde  clearcuts,  such  as  those  used  in  this  study, 
rescribed  burning  may  be  of  little  actual  benefit 
p  deer.   Since  the  majority  of  the  clearcut  area 
}   relatively  far  from  cover,  particularly  after 
le  removal  of  logging  debris  by  burning,  it  is 
,)t  likely  to  be  utilized  intensively  by  deer, 
.irning  may  be  of  greater  value  to  deer  in  smaller 
'  more  narrow  clearcuts  where  a  larger  percentage 
the  area  is  near  protective  forest  cover. 
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APPEWDIX 
COMMON  AUD  SCIENTIFIC  NAMES  OF  TREE  SPECIES 


Common  Name 


Scientific  Name 


Red  Maple 
Sugar  Maple 
Serviceberry 

American  Chestnut 
Pignut  Hickory 
Mockernut  Hickory 
Dogwood 
Persimmon 
American  Holly 
Yellow-poplar 
Blackgum 
Sourwood 
Shortleaf  Pine 
Eastern  White  Pine 
Virginia  Pine 
Black  Cherry 
White  Oak 
Scarlet  Oak 
Southern  Red  Oak 
Blackjack  Oak 
Chestnut  Oak 
Post  Oak 
Black  Oak 
Winged  Sumac 
Black  Locust 
Sassafras 


Acer  rub rum  L. 

Acer  saccharum  Marsh. 

Amelanchier  arborea  vai 

laevis  Wieg. 
Castenea  dentata  Marsh. 


Carya  glabra 
Carya  tomentosa  Nutt . 
Cornus  florida  L. 
Diospyros  virginiana  L. 
Fraxinus  americana  L. 
Liriodendron  tulipiferai 
Wyssa  sylvatica  Marsh, 
Oxydendron  aroboreum  L.. 
Pinus  echinata  Mill. 
Pinus  strobus  L. 
Pinus  virginiana  Mill. 
Prunus  serotina  Ehrh. 
Quercus  alba  L. 


Quercus  coccinea  Muench: 
Quercus  falcata  Michx. 
Quercus  marilandica  Mue; 
Quercus  prinus  L. 
Quercus  stellata  Wangen; 
i^uercuB  velutina  Lam. 
Rhus  copallina  L. 
Robinea  pseudoacacia  L. , 
Sassafras  albidum  Nutt. 
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BIOMASS  AND  NUTRIENT  ACCRETION  ON  PIEDMONT  SITES  FOLLOWING 


CLEARCUTTING  AND  NATURAL  REGENERATION  OF  LOBLOLLY  PINE- 
S.  K.  Cox  and  D.  H.  Van  Lear^' 


1/ 


Abstract. — Vegetative  regrowth  wa's  sampled  on  two  small 
watersheds  for  five  years  following  clearcutting  and  natural 
regeneration  to  loblolly  pine  (Plnus  taeda  L.) .   The  primary 
pathway  f or,  biomass  and  nutrient  accretion  during  the  first 
two  growing  seasons  after  harvest  was  by  herbaceous  plants. 
At  the  end  of  the  fifth  growing  season,  pine  seedlings  domi- 
nated both  sites;  and  accumulation  of  N,  P,  and  K  in  standing 
biomass  was  nearly  equal  to  or  exceeded  that  of  the  pre-harvest 
41-year-old  pine  plantation.   Calcium  accretion  in  biomass 
after  five  growing  seasons  was  about  50  percent  of  that  con- 
tained in  the  pre-harvest  biomass  on  both  watersheds.   Regrowth 
is  a  major  mechanism  in  conserving  nutrients  on  naturally  regen- 
erated watersheds  following  clearcutting  of  loblolly  pine  in  the 
Piedmont . 


INTRODUCTION 

Harvesting  timber  stands  may  alter  several 
2cological  processes  which  might  be  expected  to 
:ause  large  hydrologic  losses  of  essential 
hutrients.   Forest  floor  decomposition  is 
accelerated,  transpiration  rates  are  reduced, 
storm  flow  and  deep  percolation  are  increased, 
ind  nutrient  uptake  by  the  former  mature  stand 
Is  interrupted  (Witkamp  1971,  Likens  et  al. 
■1978).   However,  nutrient  losses  via  hydrologic 
)rocesses  following  clearcutting  of  mature 
.oblolly  pine  plantations  in  the  South  Carolina 
'ledmont  are  small  when  compared  to  nutrient 

emovals  in  harvested  biomass  (Van  Lear  et  al. 

981,  Van  Lear  et  al.  1985). 

Nutrient  accumulation  In  the  biomass  of 
egrowth  is  a  major  mechanism  in  conserving 
ycled  nutrients  in  northern  hardwood  ecosystems 
Marks  and  Bormann  1972).   Boring  et  al.  (1981) 
howed  that  the  rapid  regrowth  and  the  high 
utrient  content  of  sprouts  and  herbaceous  spe- 
les  are  major  factors  minimizing  elemental 
osses  following  clearcutting  of  Southern 
ppalachlan  hardwoods. 


—  Paper  presented  at  the  Southern  Silvi- 
ilture  Research  Conference,  Atlanta,  Georgia, 
pvember  7-8,  1984.   Research  sponsored  by  the 
lomass  Energy  Systems  Div. ,  U.S.  Dep.  of 
lergy,  under  contract  W-7405-eng-26  with  the 
lion  Carbide  Corp. 

2/ 

—  Research  Forester  and  Professor, 

apartment  of  Forestry,  Clemson  University, 
emson.  South  Carolina  29631. 


Relatively  little  is  known  concerning 
nutrient  accumulation  and  distribution  in 
regrowth  following  harvest  of  southern  pines.   In 
this  study,  biomass  and  nutrient  accumulation  in 
regrowth  is  quantified  following  whole-tree  and 
conventional  harvesting  of  mature  loblolly  pine 
utilizing  natural  regeneration  In  the  Piedmont  of 
South  Carolina. 


STUDY  AREA 

The  study  area  consisted  of  two  small 
(2.5  ha)  watersheds  located  on  the  Clemson 
University  Experimental  Forest  in  the  upper 
Piedmont  of  South  Carolina.   These  sites  were 
eroded  agricultural  fields  planted  to  loblolly 
pine  (Pinus  taeda  L.)  in  1939  and  clearcut  at 
age  41.   Even  though  both  watersheds  were  similar 
in  slope  (10-15%)  and  aspect  CSW) ,  one  watershed 
(WS  66)  had  a  longer  and  deeper  ephemeral  stream 
channel  and  was  more  eroded  on  the  lower  slopes 
than  the  other  (WS  64) .   Surface  soil  depth  on 
WS  64  averaged  about  25  cm  as  compared  to  15  cm 
for  WS  66. 

The  soils  on  both  areas  were  Pacolet  fine 
sandy  loam  (Typic  Hapudult).   Basal  area  at  the 
time  of  clearcutting  was  22  m^/ha  for  WS  64  and 
18  m^/ha  for  WS  66.   Both  watersheds  had  been 
thinned  twice  prior  to  clearcutting.   Major 
understory  species  were  black  cherry  (Prunus 
serotina) ,  black  gum  (Nyssa  sylvatica)  ,  eastern 
red  cedar  (Juniperus  virginiana) ,  dogwood  (Cornus 
florida ) ,  oak  (Quercus  spp.),  and  hickory  (Carya 
spp.). 
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METHODS 

Preharvest  treatments  for  both  watersheds 
included  3  annual  burns  prior  to  harvest  to 
reduce  the  understory  hardwood  component  and 
prepare  a  seedbed  for  natural  regeneration.   The 
third  burn  was  applied  just  prior  to  seed  fall 
in  1979  and  harvest  was  completed  before  seed 
germination  the  following  spring.   All 
above-stump  biomass  was  removed  from  WS  64  to 
simulate  whole-tree  harvesting,  while 
conventional  harvesting  to  a  15-cm  top  was 
conducted  on  WS  66. 

To  avoid  large  numbers  of  destructively 
sampled  plots,  prediction  equations  were 
developed  to  relate  percent  cover  and  height  of 
vegetation  to  biomass.   Data  for  the  equations 
were  taken  during  the  first  two  growing  seasons 
from  30  Im^  quadrats,  which  were  selected  to 
cover  the  range  of  vegetative  conditions  on  both 
watersheds.   Following  development  of  the 
equations,  150  Im^  quadrats  were  randomly  located 
on  each  watershed  during  August  of  1980  and  1981. 
Percent  cover  and  height  of  the  dominant  vegeta- 
tion was  determined  on  each  of  these  random  plots 
and  biomass  predicted  for  pine  seedlings, 
hardwood  sprouts,  legumes,  and  other  herbaceous 
plants. 

In  August  of  the  fifth  growing  season,  the 
herbaceous  component  was  estima'-ed  by  clipping 
and  weighing  40  plots  (1/4  by  4  m)  randomly 
located  on  each  watershed.   Biomass  equations 
relating  ground-line  diameter  and  total  height  to 
biomass  were  developed  for  loblolly  pine  and 
hardwood  stems  in  the  fifth  growing  season  from 
20  pine  seedlings  and  20  hardwood  stems  sampled 
in  late  August  1984.   These  equations  were 
developed  for  foliage,  branches,  main  stem,  and 
total  biomass  for  both  hardwood  and  pine,  and 
applied  to  measurements  of  all  stems  on  five 
randomly  located  plots  (5  by  5  m)  on  each 
watershed. 

Samples  of  vegetative  tissue  were  ground  in 
a  Wiley  mill  to  pass  through  a  20-mesh  screen  and 
then  analyzed  for  N,  P,  K,  and  Ca  by  standard 
procedures  at  the  Coweeta  Hydrologic  Laboratory. 
Total  nutrient  content  in  above-ground  regrowth 
was  obtained  by  multiplying  dry  weight  biomass  by 
dry  weight  nutrient  concentrations  for  each 
vegetation  group  (legumes,  other  herbaceous, 
hardwood  sprouts,  and  pine  seedlings)  and 
expanded  to  an  area  basis. 


RESULTS  AND  DISCUSSION 

The  'seed  in  place'  method  of  natural  regen- 
eration (Lottl  1961)  proved  effective  in  estab- 
lishing abundant  loblolly  pine  seedlings  on  both 
WS  64  and  WS  66  (Table  1).   As  is  often  the  case 
with  natural  regeneration,  more  seedlings  were 
established  than  desired.   Logging  slash  covered 
37%  of  the  area  on  WS  66  after  harvest,  making 
pine  seedling  inventory  difficult.   As  a  result, 
seedling  density  was  probably  underestimated  on 


WS  66  during  the  first  growing  season.   By  tht 
second  growing  season,  seedling  numbers  were 
about  equal  on  the  two  watersheds. 

Table  1.   Pine  natural  regeneration  after  clea 
cutting  two  loblolly  pine  watersheds  in  the 
Piedmont  of  South  Carolina. 


Harvest  Method 


Year  1 


Year  2 


Yea 


-  seedlings/ha 


WS  64  Whole-tree 
WS  66  Conventional 


82,000 
33,000 


75,000 
67,000 


20, 
23, 


First  year  biomass  in  above-ground  vegetai'fn 
totaled  3,131  kg/ha  on  WS  64  and  2,456  kg/ha  oi 
WS  66  (Table  2).   Despite  their  large  numbers, 
pine  seedlings  made  up  less  than  1  percent  of 
total  biomass  of  the  regrowth  after  the  first 
growing  season,  while  hardwood  sprouts  accounts 
for  13  to  15  percent  of  total  biomass  of  the 
regrowth.   About  85  percent  of  the  first  year's' 
biomass  on  both  watersheds  was  herbaceous 
(Including  legumes) .   Total  first  year  biomass  b 
regrowth  represented  about  2.4  percent  of  the 
pre-harvest  pine  biomass  on  both  watersheds 
(Table  3) . 

Nutrient  accretion  in  the  first  year 
followed  a  similar  pattern  to  that  of  biomass 
development.   Herbaceous  biomass  contained  most; 
of  the  nutrients  and  the  pine  component  the  leai 
(Table  2).   Nutrient  accumulation  in  biomass 
ranged  from  46  kg/ha  for  K  to  less  than  3  kg/ha 
for  P.   Accretion  of  nutrients  in  the  first  yeaif 
biomass  was  about  20  percent  of  the  total  N,  P, 
and  Ca,  and  about  70  percent  of  the  K  as  in  the 
pre-harvest  plantation  (Table  3) . 


Boring  et  al.  (1981)  found  net  primary 
production,  predominantly  in  woody  plants,  was 
1,725  kg/ha  one  growing  season  after  harvest  of 
an  Appalachian  hardwood  forest.   First-year 
regrowth  amounted  to  1.3%  of  the  biomass  of 
adjacent  stands.   Regrowth  of  this  hardwood 
forest  contained  about  half  the  K  content  as  th£  t 
found  in  our  study,  but  amounts  of  N,  P,  and  Ca 
were  similar.   Differences  in  K  accumulation  car 
be  attributed  to  the  larger  herbaceous  component 
and  its  high  K  concentration  on  our  study  areas.i 
Siccama  and  Bormann  (1970)  also  found  high  K 
levels  in  herbaceous  tissue  in  a  northern 
hardwood  forest.   These  studies  indicate  that 
regrowth  following  disturbance  rapidly  accumu- 
lates nutrients  made  available  from  decomposing 
organic  matter  (forest  floor,  logging  slash, 
stumps,  and  roots),  N  fixation,  mineral  soil, 
and  atmospheric  inputs. 

Regrowth  on  WS  64  was  greater  than  that  on 
WS  66  in  all  vegetative  categories  during  the 
second  growing  season  (Table  2) .   Although 
herbaceous  vegetation  still  dominated  the 
biomass  and  nutrient  capital  of  both  sites,  the  » 
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Table  2.   Biomass  and  nutrient  accretion  in  regrowth  after  harvest  of  mature  loblolly  pine  on  two  sites  In 
the  South  Carolina  Piedmont. 


Vegetative  Component 


WS  64  Whole-tree  Harvest 


WS  66  Conventional  Harvest 


1 

2 

-  -  -  I  ear 

5 

s  arceTT  tic 

_                              1,~  /u- 

ivg/  lid  - 

biomass 

130 

925 

120 

2,532 

3,986 

1,182 

459 

753 

3,726 

9 

146 

11,037 

;,egun!es 

tther  Herbaceous 
ifardwood 
ine 


92 

415 

158 

2,035 

2,663 

991 

324 

359 

1,804 

5 

73 

17,822 

"otal 


3,130    5,800    16,065 


2,456     3,510     20,775 


iegumes 

ther  Herbaceous 
ardwood 


otal 


nitrogen 


1.82 

12.95 

2.75 

1.29 

5.81 

3.62 

32.92 

51.82 

11.12 

26.46 

34.62 

9.33 

1.44 

6.85 

31.82 

2.95 

3.27 

14.81 

0.09 

1.46 

90.45 

0.05 

0.73 

128.51 

36.27  73.08        136.14 


30.75 


44.43  156.27 


egumes 

ther  Herbaceous 

ardwood 

Ine 


tal 


phosphorous 

0.09 

0.65 

0.13 

0.06 

0.29 

0.17 

2.03 

3.19 

1.11 

1.63 

2.13 

0.93 

0.42 

0.45 

3.10 

0.19 

0.22 

1.45 

0.01 

0.12 

8.04 

<  .01 

0.06 

11.78 

2.55 


4.41  12.38 


2.70 


14.33 


egumes 

:her  Herbaceous 

irdwood 

ne 


potassium 

1.25 

8.88 

0.88 

0.88 

3.98 

1.16 

40.15 

63.78 

10.01 

32.56 

42.61 

8.39 

4.04 

6.63 

16.87 

2.85 

3.16 

7.86 

0.07 

1.21 

40.14 

0.04 

0.61 

59.21 

kal 

45.87 

80.50 

67.90 

36.39 

50.36 

76.62 

calcium 

gumes 

1.26 

8.97 

0.85 

0.89 

4.03 

1.12 

(her  Herbaceous 

18.23 

28.70 

7.10 

14.65 

19.17 

5.96 

Irdwood 

8.86 

14.53 

44.70 

6.25 

6.93 

21.08 

Ine 

0.02 

0.38 

30.16 

0.01 

0.19. 

46.41 

ttal 

1 


28.37  52.58  82.81 


21.80     30.32 


74.57 
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Table  3.   Biomass  and  nutrient  content  (above 
stump)  of  two  mature  loblolly  pine  plantations 
in  the  South  Carolina  Piedmont  (Van  Lear 
et  al.  1983). 


Watershed 

Biomass 

N 

P 

K 

Ca 

-  - 

-  -  - 

-  -  - 

kg/ha  - 

-  -  - 

-  -  - 

WS 

6A 

130 

,000 

150 

13 

71 

141 

V7S 

66 

100 

,000 

113 

10 

53 

105 

pine  biomass  increased  15  fold.   Herbaceous 
vegetation,  including  legumes,  increased  about 
85  percent  on  WS  64  and  45  percent  on  WS  66  from 
the  first  to  second  growing  season,  while 
hardwood  sprout  biomass  doubled  on  WS  64  and 
increased  only  slightly  on  WS  66.   Hardwood 
sprout  and  herbaceous  growth  on  WS  66  may  have 
been  reduced  by  shading  or  physical  obstruction 
from  logging  slash. 

Accumulation  of  K  in  biomass  at  the  end  of 
the  second  growing  season  was  13  percent  greater 
than  that  of  the  pre-harvest  pine  stand  on  WS  64 
and  approached  the  pre-harvest  level  on  WS  66. 
Accumulation  of  N,  P,  and  Ca  over  the  first  two 
growing  seasons  ranged  between  20  and  50  percent 
of  the  pre-harvest  amounts. 

At  the  end  of  the  fifth  growing  season,  the 
trend  of  greater  biomass  on  WS  64  had  reversed 
(Table  2) •   Total  biomass  on  WS  64  was  now  less 
than  that  on  WS  66  (16,000  vs.  21,000  kg/ha). 
Watershed  66  surpassed  WS  64  in  biomass  accretion 
because  of  better  growth  and  survival  of  pine 
seedlings.   The  reduced  survival  and  growth 
rates  of  pine  seedlings  on  WS  64  were  attributed 
to  a  deeper  sandy  loam  surface  horizon  and  more 
herbaceous  competition  on  WS  64  than  on  WS  66. 
Severe  summer  droughts  occurred  on  these  areas 
during  1980,  1981,  and  1983.   The  deeper  surface 
soil,  in  combination  with  droughty  summers  and 
more  herbaceous  competition,  probably  resulted 
in  moisture  stress  that  affected  growth  and 
survival  of  pine  seedlings  more  on  WS  64  than 
WS  66.   Normally,  over  the  course  of  a  rotation, 
a  deeper  surface  soil  in  the  Piedmont  would 
result  in  more  pine  biomass  production.   However, 
under  severe  drought  conditions  and  the  intense 
competition  that  developed  on  these  naturally 
regenerated  watersheds,  growth  of  small  seedlings 
may  be  less  on  sites  with  deeper,  coarse  textured 
surface  horizons. 

Pine  seedlings  comprised  69  and  86  percent 
of  the  total  biomass  on  watersheds  64  and  66, 
respectively,  after  five  growing  seasons. 
Hardwood  sprout  biomass  increased  on  both 
watersheds,  representing  about  20  percent  of  the 
total  biomass  on  WS  64  and  10  percent  on  WS  66. 
Herbaceous  plants  after  five  growing  seasons 
contributed  less  than  10  percent  to  the  total 
biomass  on  both  watersheds.   Switzer  and  Nelson 


(1971)  in  Mississippi  found  that  herbaceous 
vegetation  was  still  an  important  component  < 
biomass  in  the  fifth  growing  season  in  young 
loblolly  pine  plantations.  Dominance  of  pint 
occurs  more  quickly  in  densely  stocked  naturj 
regenerated  stands  than  in  plantations. 
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With  the  exception  of  Ca,  nutrient  accrtjlon 
on  the  conventionally  harvested  watershed  wasj 
generally  greater  during  the  fifth  growing  sejon 
than  on  the  whole-tree  harvested  watershed.   lie 
larger  component  of  hardwood  sprouts,  which  tii 
high  Ca  concentrations,  resulted  in  greater  C^jl 
accumulation  on  that  watershed  even  though  it 'lad 
less  total  biomass.   With  the  exception  of  K  il 
WS  64,  nutrients  in  regrowth  continued  to  inc  :i;is( 
through  the  fifth  growing  season.   The  declin 'in 
K  content  between  the  second  and  fifth  growin ( 
season  was  caused  by  the  dramatic  reduction  iii 
K-rich  herbaceous  biomass.   A  similar  reductin 
in  herbaceous  biomass  occurred  on  WS  66,  but  i 
growth  of  the  pine  component  prevented  an  actt 
decline  in  total  K  content.   The  Intolerant 
herbaceous  component  rapidly  declined  to  less* 
than  10  percent  of  the  total  biomass  as  the  pp:|: 
seedlings  assumed  dominance  on  both  sites. 


Accumulation  of  N,  P,  and  K  in  standing 
biomass  on  WS  64  after  five  growing  seasons 
amounted  to  91-96  percent  of  the  nutrients  inni 
stand  prior  to  harvest  while  the  accretion  on n 
WS  66  was  about  140  percent  greater  than  that  f 
contained  in  the  pre-harvest  stand.   In  contrji 
Ca  accumulation  after  five  years  was  only  59  f 
71  percent  of  that  in  pre-harvest  stands  on  WS»J4 
and  66,  respectively.   Foliage  comprised  about 
half  the  pine  biomass  in  the  fifth  year  and 
contained  60  to  80  percent  of  the  nutrient 
content  (Table  4).   Similar  trends  of  biomass 
nutrient  distribution  were  found  in  hardwood 
sprouts,  with  the  exception  of  Ca,  which  was  n  )j; 
evenly  distributed  between  foliage,  branches,  ijl 
stems. 

Sources  of  N,  P,  K,  and  Ca  accumulated  in', 
regrowth  are  the  organic  reserves  left  on  site: 
after  harvest  and  the  exchangeable/extractable 
soil  nutrients  (Table  5).   The  original  forest 
floor  decomposes  quickly  following  harvest  and: 
contains  sufficient  nutrients  to  satisfy  much  t 
the  nutrient  demands  of  early  regrowth  (Pritch- 
and  Wells  1978).   Little  N  and  P  is  made  avail 
able  for  plant  uptake  from  decomposition  of  woi 
logging  debris  during  the  regeneration  period, 
although  foliage  in  slash  decomposes  readily. 
Potassium,  Ca,  and  Mg  in  woody  slash  are  releas 
gradually  during  decomposition  (Barber  and 
Van  Lear  1984).   The  rate  at  which  nutrients 
become  available  from  decomposition  of  roots  oi 
harvested  trees  is  uncertain  and  deserves 
further  study. 

Regrowth  following  harvest  is  a  major 
mechanism  by  which  nutrient  loss  Is  minimized 
following  ecosystem  disturbance.   In  this  study 
low  intensity  prescribed  burns  were  used  to 
prepare  the  site  for  natural  regeneration. 
These  pre-harvest  burns  consumed  only  about  1/3 
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Table  4.   Biomass  ard  nutrient  content  of  loblolly  pine  after  five  growing  seasons  on  two  harvested 
watersheds  in  the  South  Carolina  Piedmont. 


WS  64  Whole-tree  Harvest 


Biomass 


N 


K 


Ca 


WS  66  Conventional  Harvest 


Biomass 


N 


K 


Ca 


V.g/ha 


Foliage 

5,981 

78 

f. 

31 

20 

Branches 

1,314 

5 

1 

4 

3 

Stem 

3,742 

8 

1 

5 

7 

7,981 

104 

9 

2,706 

10 

1 

7,136 

15 

2 

41 


27 

7 
13 


Total 


11,037 


91 


40 


30 


17,823 


129 


12 


58 


47 


Table  5.   Potential  nutrient  sources  available  for  regrowth  on  clearcut  pine  watersheds  (adapted  from 
Van  Lear  et  al.  1981). 


ORGANIC  NUTRIENT  RESERVES 


WS  64  Whole-tree  Harvest 
P         K 


Ca 


WS  66  Conventional  Harvest 
P         K 


Ca 


Forest  Floor 
Logging  Residu 
Stumps  and  Roots 


1/ 


-  -  -  - 

-  -  -  -  - 

-  kg/ha 

-  -  -  - 

_  _  _  _ 

176 

17 

22 

164 

132 

12 

17 

102 

0 

0 

0 

0 

50 

5 

16 

32 

39 

7 

26 

39 

29 

5 

20 

29 

Total 


215 


24 


48 


203 


211 


22 


53 


163 


Soil 


EXTRACTABLE  AND  EXCHANGEABLE  SOIL  NUTRIENT  RESERVES 


17 


213 


1,332 


13 


109 
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—  Logging  residue  on  WS  64  was  assumed  to  be  zero,  although  a  small  percentage  (<  5%)  remained. 


of  the  forest  floor  each  year  leaving  many 
viable  seeds  of  herbaceous  plants  in  the 
residual  forest  floor.   Following  harvest,  these 
seeds  as  well  as  the  recently  fallen  pine  seed, 
germinated  and  quickly  established  a  vegetative 
cover  on  both  watersheds.   The  rapid  development 
of  herbaceous  plants  and  the  establishment  of 
large  numbers  of  pine  seedlings  probably  allow 
for  more  rapid  recovery  of  nutrient  cycling  on 
these  naturally  regenerated  sites  than  would 
occur  with  some  commonly  used  artificial 
regeneration  methods. 


CONCLUSIONS 

;     Uptake  and  accumulation  of  nutrients  in  the 
] biomass  of  regrowth  are  major  ecosystem  recovery 
' processes  following  clearcutting  of  Piedmont 
loblolly  pine  stands.   Within  five  years  following 


clearcutting  with  seed-in-place  regeneration, 
regrowth  had  accumulated  quantities  of  most 
nutrients  (except  Ca)  which  equaled  or  exceeded 
quantities  in  the  pre-harvest  plantation. 

The  distribution  of  nutrients  in  regrowth 
changes  during  the  regeneration  period.   During 
the  first  and  second  years,  nutrients  are 
primarily  accumulating  in  herbaceous  biomass, 
even  though  pine  seedling  density  may  be 
extremely  high.   By  the  fifth  year,  pine  biomass 
has  become  dominant  and  contains  the  majority  of 
the  nutrients.   High  proportions  of  nutrient-rich 
tissue,  as  well  as  the  rapid  growth  rates  of 
early  successional  vegetation,  account  for  the 
ability  of  these  sites  to  restore  tight  nutrient 
cycling  to  the  disturbed  ecosystem.   Regrowth  and 
nutrient  accumulation  patterns  were  similar  on 
both  the  whole-tree  and  conventionally  harvested 
watersheds. 
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BIOMASS  AND  NUTRIENT  DISTRIBUTION  IN  3-YEAR-OLD  GREEN  ASH 
AND  SWAMP  CHESTNUT  OAK  GROWN  IN  A  MINOR  STREAM  BOTTOM^^ 


Harvey  E.  Kennedy,  Jr.,  and  Bryce  E. 


Schlaegel^' 


Abstract. — After  three  growing  seasons,  green  ash  had 
produced  7,342  pounds  peir  acre  of'  above-ground  dry  matter 
compared  to  3,572  for  oak.   Of  the  total  blomass,  ash  had 
53%  in  the  bole  (wood  plus  bark),  22%  in  old  branches,  21% 
in  leaves  and  4%  in  new  growth;  oak  had  50%,  21%,  24%,  and 
5%  in  the  same  components.   These  proportions  changed  after 
leaf  fall.   Concentrations  of  N,  P,  K,  and  Mg  followed  the 
general  order  of:   leaves  >  new  growth  >  bole  bark  and 
branch  bark  >  bole  wood  and  branch  wood.   Calcium  concentra- 
tions were  highest  in  bole  bark  and  branch  bark  followed  by 
leaves,  new  growth,  and  bole  wood  and  branch  wood. 


INTRODUCTION 

An  understanding  of  biomass  and  nutrient 
distribution  in  forest  systems  is  prerequisite  to 
proper  evaluation  of  the  effects  of  imposed  soils 
and  silvicultural  treatments.   This  paper  reports 
blomass  and  concentrations  and  distribution  of 
nitrogen  (N),  phosphorus  (P),  potassium  (K) , 
calcium  (Ca),  and  magnesium  (Mg)  in  leaves,  new 
growth,  bole  wood  and  bark,  and  branch  wood  and 
bark  of  green  ash  (Fraxinus  pennsylvanica  Marsh.) 
and  swamp  chestnut  oak  (Quercus  michauxii  Nutt.) 
during  the  third  year  of  a  plantation. 


METHODS 

This  study  was  superimposed  on  a  larger    _  , 
study  being  conducted  near  Monticello,  Arkansas.— 
The  study  occupies  about  55  acres  in  a  minor 
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stream  bottom  that  transects  pine  uplands.   The 
site  was  cleared  of  a  mixed  hardwood-pine  stand 
and  prepared  for  planting  by  shearing,  root 
raking,  and  disking.   The  soil  is  classified 
Arkabutla,  a  member  of  the  fine-silty,  mixed, 
acid,  thermic  family  of  Aerie  Fluvaquents.   These 
somewhat  poorly-drained  soils  formed  in  silty 
alluvium.   Estimated  site  indices  (Broadfoot 
1976)  range  from  85-105  feet  for  green  ash  and 
80-100  feet  for  swamp  chestnut  oak,  both  at  age 
50  years. 

The  larger  study  site  was  planted  with  eight 
species  at  five  different  spacings.   Species  were 
green  ash,  swamp  chestnut  oak,  sycamore  (Platanus 
occidentalis  L.),  sweetgum  (Liquldambar  styraciflua 
L.),  Cottonwood  (Populus  deltoides  Bartr.  ex 
Marsh.),  water  oak  (Quercus  nigra  L.),  cherrybark 
oak  (Q.  falcata  var.  pagodifolia  Ell.),  and 
Nuttall  oak  (£.  nuttallii  Palmer). 

The  five  spacings  in  feet  were  2  x  8,  3  x  8, 
4  X  8,  8  X  8,  and  12  x  12.   Spacings  were  chosen 
to  span  from  the  narrow  coppice  spacings  to  the 
more  usual  pulpwood  and  saw  log  spacings.   The 
8-foot  distance  between  rows  was  chosen  to  allow 
tending  by  standard  farm  equipment . 

Each  plot  consists  of  169  trees  of  one  spe- 
cies planted  in  a  rectangular  grid  of  13  by  13 
rows.   The  interior  5  by  5  rows  were  designated  as 
permanent  remeasurement  rows  with  the  exterior 
four  rows  as  a  buffer. 

The  minor  stream  floodplains,  such  as  repre- 
sented in  this  study,  typically  consist  of  flats, 
slopes,  and  small  ridges.  Two  species,  green  ash 
and  swamp  chestnut  oak,  were  chosen  for  sampling. 
These  represent  one  of  the  faster  and  one  of  the 
slower  growing  species  in  the  initial  study.  One 
plot  for  each  species  on  a  ridge  and  flat  was  cho- 
sen for  sampling.   The  study  was  limited  to  these 
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two  species  on  two  sites  because  of  the  tremen- 
dous amount  of  sampling  time  required.   Sampling 
was  done  on  the  second  Monday  of  each  month  start- 
ing in  April  1979  and  continuing  through  March 
1980. 

The  present  study  was  set  up  In  plots  with 
4-  X  8-foot  spacing.   Three  trees,  representative 
of  those  on  the  whole  plot,  were  selected  from 
the  second  and  third  border  rows  around  each 
sample  plot.   In  the  field,  all  leaves  were 
removed  from  a  tree  before  cutting  and  stored  in 
plastic  bags  in  an  ice-chest.   Tall  trees  were 
pulled  over  to  remove  the  upper  leaves.   New 
growth,  defined  as  woody  growth  that  occurred 
during  the  third  growing  season,  was  separated, 
bagged,  and  labeled.   Old  branches  were  clipped 
into  small  segments,  bagged,  and  labeled.   Main 
stem  was  severed  at  groundline,  diametet  outside 
bark  measured  at  0.5  and  4.5  feet,  and  total 
height  recorded.   The  bole  was  then  cut  into 
0.5-foot  sections,  bagged,  and  labeled.   Compo- 
nents of  each  tree  on  a  plot  were  kept  separate 
for  subsequent  weighing  and  nutrient  determina- 
tions. 

Green  weights  of  all  materials  were  recorded 
upon  returning  to  the  Southern  Hardwoods  Labora- 
tory.  A  representative  sample  of  branches  was 
randomly  selected  and  the  bark  separated  from  the 
wood.   Each  third  section  of  the  bole  was 
selected  and  bark  removed  from  the  wood.   The 
bark  samples  included  cambium  and  phloem  tissues. 
Green  weights  of  each  sample  were  then  recorded. 
Samples  and  the  remainder  of  each  tree  were  dried 
to  a  constant  weight  at  70°C  and  dry  weights 
obtained. 

Leaves  and  samples  of  woody  material  and 
bark  were  ground  to  pass  a  2-mm  mesh  in  prepara- 
tion for  chemical  analyses.   Nitrogen  was  deter- 
mined by  standard  Kjeldahl  procedure,  P  by 
colorimetry  with  molybdenum-blue  color  develop- 
ment, and  K,  Ca,  and  Mg  by  atomic  absorption 
spectrophotometry  after  samples  had  been  dry- 
ashed  and  taken  up  in  dilute  HCl. 

Differences  in  nutrient  concentrations 
between  sites  for  each  species  and  monthly  con- 
centrations in  each  tree  component  for  each 
nutrient  were  tested  using  a  split-plot  analysis 
of  variance.   Species  were  tested  separately 
because  of  inherent  growth  differences  and 
possible  differences  in  nutrient  uptake.   Compari- 
sons among  means  were  made  using  Duncan's  New 
Multiple  Range  Test.   All  comparisons  were  made 
at  the  0.05  level  of  confidence. 


RESULTS 

Biomass 

Averaged  across  both  sites  at  the  end  of  the 
third  growing  season,  green  ash  was  1.2  inches  dbh 
and  13.0  feet  tall  compared  to  0.6  inches  and  6.8 
feet  for  swamp  chestnut  oak.   Green  ash  had 


produced  7,342  pounds  per  acre  of  above-ground 
biomass,  whereas  the  oaks  had  produced  3,572 
pounds  per  acre. 

The  proportion  of  above-ground  biomass  in  t - 
tree  components  measured  was  very  similar  during: 
the  growing  season  regardless  of  species  (table 
Green  ash,  during  the  growing  season,  averaged  2 
percent  of  its  biomass  in  the  leaves,  53  percent 
in  the  bole  (wood  plus  bark),  22  percent  in 
branches  (wood  plus  bark),  and  4  percent  in  new 
growth.   Swamp  chestnut  oak  had  24,  50,  21,  and 
percent  in  the  same  components.   The  proportions 
of  the  various  components  are  shown  during  the 
dormant  season  for  each  species  in  table  1.   Eacl' 
component  makes  up  a  larger  part  of  the  total 
without  the  leaves,  but  again  ratios  are  very 
similar  for  both  species.   The  proportions  of 
biomass  contained  in  the  various'  components 
remained  relatively  constant  throughout  the 
sampling  period. 


Nitrogen 

Leaves  of  both  species  were  at  their  highestil 
N  concentration  in  May.   During  the. other  months, i, 
green  ash  had  lower  concentrations—  in  October 
than  June  (fig.  1).   Concentrations  for  oak  were  ; 
higher  in  May  than  the  last  three  months  of  the 
growing  season.   Sites  did  not  differ.   Averaged  ' 
across  sites,  green  ash  contained  1.85%  and  oak 
1.75%  N  in  May.   These  values  had  declined  to 
1.16%  and  1.29%  respectively  in  October.   All 
leaves  had  fallen  by  the  November  sampling  date. 
During  the  growing  season  21%  of  the  green  ash 
biomass  and  55%  of  the  N  was  in  leaves .   Swamp 
chestnut  oak  had  24%  of  its  biomass  and  58%  of  theli 
N  in  leaves . 

Bole  wood  and  bark  in  both  species  started 
out  with  high  N  concentrations  at  the  beginning  of  i 
the  growing  season,  decreased  to  their  minimum 
value  late  in  the  growing  season,  and  then 
increased  during  the  dormant  season  (figs.  2  and 
3).   Branch  wood  for  green  ash  on  the  ridge  con- 
tained higher  N  concentrations  than  trees  on  the 
flat  site.   April  concentration  for  green  ash 
branch  wood  was  greater  than  all  other  months.  No 
trends  were  really  discernible,  with  some  growing 
season  months  not  different  from  some  dormant 
season  months.   Oaks  had  higher  N  concentrations 
in  branch  wood  on  the  flat  than  on  the  ridge  site. 
Months  and  the  site  by  months  interaction  were  sig- 
nificant.  The  trend  appeared  to  be  to  start  high 
in  April,  decrease  to  low  values  during  the  grow- 
ing season  and  increase  again  during  the  dormant 
season.   Branch  bark  for  both  species  started  with 
high  N  concentrations  at  the  beginning  of  the  grow- 
ing season,  decreased  during  the  growing  season, 
then  increased  during  the  dormant  season— a  trend 
similar  to  bole  bark.   Nitrogen  concentrations 


—!   All  differences  discussed  are  significant 
at  the  0.05  level. 
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swamp  chestnut  oak  trees 


Dry 

Component  and 

species 

weight 

N 

P 

K 

Ca 

Mg 

Percent 

with 

leaves 

(May-Oct.) 

Leaves 

Green 

ash 

21 

55 

46 

49 

34 

47 

Oak 

24 

58 

44 

40 

30 

40 

Bole  wood 

Green 

ash 

A3 

16 

24 

18 

8 

14 

Oak 

39 

13 

21 

21 

9 

17 

Bole  bark 

Green 

ash 

10 

14 

10 

16 

31 

20 

Oak 

11 

11 

13 

14 

29 

14 

Branch  wood 

Green 

ash 

14 

5 

7 

5 

5 

4 

Oak 

14 

5 

6 

7 

5 

6 

Branch  bark 

Green 

ash 

8 

7 

6 

7 

15 

10 

Oak 

7 

9 

10 

9 

23 

15 

New  growth 

Green 

ash 

4 

4 

8 

6 

6 

6 

Oak 

5 

4 

6 

8 

5 

7 

Percent  without  leaves  (Oct. -Apr.) 


Bole  wood     Green  ash       56 

Oak  52 

Bole  bark     Green  ash       12 

Oak  16 

Branch  wood   Green  ash       17 

Oak  18 

Branch  bark   Green  ash        8 

Oak  9 

New  growth    Green  ash        8 

Oak  6 


42 

55 

43 

33 

38 

30 

22 

15 

24 

26 

21 

27 

13 

14 

13 

13 

14 

12 

13 

8 

13 

21 

17 

23 

11 

8 

7 

7 

11 

11 

20 
15 

41 
42 


22 
28 

10 
7 


31 
21 

36 
30 


17 
30 

9 
10 


'^ere  about  two  to  three  times  higher  in  bark  than 
wood  (figs.  2  and  3).   New  growth  in  both  species 
started  with  its  highest  N  concentration  in  May, 
decreased  in  June,  then  decreased  again  but  did 
not  differ  the  remaining  9  months.   Nitrogen  was 
higher  in  oak  on  the  flat  than  on  the  ridge  site. 

Because  of  space  limitations  and  similar 
trends  among  many  elements  in  the  various  tree 
components,  only  N,  K,  and  Ca  for  leaves,  bole 
wood,  and  bole  bark  are  shown  in  the  graphs. 
Other  nutrients  will  be  discussed  and  the  simi- 
larities pointed  out  when  appropriate. 

Proportions  of  N  contained  in  the  various 
itree  components  are  shown  in  table  1.   Even 
though  branches  and  boles  accounted  for  a  large 
proportion  of  the  biomass,  they  contained  small 


amounts  of  N  compared  to  the  leaves.   These  pro- 
portions changed  after  leaf  fall. 


Phosphorus 

Foliar  P  levels  for  green  ash  did  not  differ 
during  the  growing  season.   For  oak.  May  had 
higher  concentrations  than  all  other  months,  which 
did  not  differ  among  themselves.   Trends  in  P  for 
green  ash  bole  wood  were  similar  to  that  of  N. 
Oak  bole  wood  had  significant  differences  between 
sites  and  months,  as  well  as  the  site  by  months 
interaction.   Trees  on  the  flat  site  were  higher 
in  P  than  those  on  the  ridge.   Fluctuations  from 
month  to  month  made  any  trends  hard  to  discern. 
Both  green  ash  and  oak  had  higher  P  concentrations 
in  bole  bark  on  the  flat  than  ridge  site.   Green 


2.0 

1.5 

1.0 

"^^  h 

-LTlp^^ 

0.5 

• 

1.5 

fH 

1.0 
.5 

n    r'" 

\  ^  \ 

1.0 

n  Fi 

nnH   n 

.75 

p- 1 

U    U  n] 

.50 

.25 

■    1    1    1    1 

Ap 


D 


J 


Ma 


Figure  1. — Nitrogen,  potassium,  and  calcium  concentrations  in  green  ash 
and  oak  leaves  during  the  third  year.  First  bar  is  GA  ridge;  second, 
GA  flat;  third,  oak  ridge;  and  fourth,  oak  flat. 
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Figure  2. — Nitrogen,  potassium,  and  calcium  concentrations  in  green  ash 
and  oak  "-ole  wood  during  the  third  year.   First  bar  is  GA  ridge;  second, 
GA  flat;  third,  oak  ridge;  and  fourth,  oak  flat. 
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Figure  3. — Nitrogen,  potassium,  and  calcium  concentrations  in  green  ash 
and  oak  bole  bark  during  the  third  growing  season.   First  bar  is  GA 
ridge;  second,  GA  flat;  third,  oak  ridge;  and  fourth,  oak  flat. 


ash  had  higher  P  in  April  and  June  compared  to 
January,  but  no  trends  could  be  discerned  because 
of  monthly  variations.   There  was  a  significant 
site  by  months  interaction  for  P  in  oak  bole 
bark.   The  apparent  trend  was  low  P  during  the 
growing  season  followed  by  increased  P  during  the 
jdormant  season. 

P  was  also  highest  in  branch  wood  of  both 
'species  on  the  flat  site .  Monthly  trends  showed 
P  in  branch  wood  started  high  at  the  beginning  of 
the  growing  season  in  green  ash,  decreased  during 
the  summer,  then  increased  during  the  dormant 
season.   Oaks  had  a  significant  site  by  months 
interaction.   Trends  appeared  to  be  that  oak  on 
the  ridge  started  out  high  in  April,  dropped 
rapidly  in  May  and  remained  relatively  stable  the 
remainder  of  the  year.   On  the  flat,  however,  P 
:oncentrations  were  low  during  the  growing  season 
and  increased  during  the  dormant  season. 


Concentrations  in  branch  bark  in  green  ash 
'Started  out  high  at  the  beginning  of  the  growing 
season,  then  decreased  through  July,  with  a  low 
:rom  July  into  most  of  the  dormant  season, 
igain,  there  was  a  significant  site  by  months 
nteraction  for  P  in  oak  branch  bark.   The  trend, 
lowever,  appeared  to  be  that  trees  on  the  ridge 
md  flat  started  out  high  at  the  beginning  of  the 
;rowing  season,  decreased  in  the  growing  season, 
nd  increased  in  the  dormant  season.   The  inter- 
ction  appeared  to  be  mainly  from  an  extremely 
Igh  value  for  the  oak  ridge  site  in  April, 
here  were  no  differences  in  P  concentrations  in 
ew  growth. 


Leaves  again  contained  the  highest  P  levels, 
but  in  contrast  to  N,  bole  and  branch  wood  and 
bark  had  similar  P- concentrations. 

Leaves  also  contained  a  high  proportion  of 
the  P  found  in  trees  (table  1),  with  other  com- 
ponents having  a  much  lower  proportion. 


Potassium 

Foliar  K  levels  for  green  ash  were  higher  in 
May  than  all  other  months,  which  did  not  differ 
from  each  other  (fig.  1).   Oak  on  the  other  hand, 
had  higher  concentrations  the  last  2  months  of  the 
growing  season  than  the  first  3  months  (fig.  1). 

Concentrations  in  new  growth  of  green  ash 
decreased  each  month  from  May  through  August,  with 
the  remaining  months  having  lower,  but  stable  con- 
centrations.  Oak  was  maximum  in  May,  decreased 
the  next  2  months,  then  decreased  again  and 
remained  stable  the  remainder  of  the  year. 

There  were  no  differences  in  K  concentrations 
in  green  ash  bole  wood  (fig.  2).   However,  oak 
started  low  early  in  the  growing  season,  maximized 
from  May  through  October,  then  decreased  during 
the  dormant  season  (fig.  2).   Ash  and  oak  bole 
bark  concentrations  started  out  low,  maximized 
during  the  mid-  and  late-growing  season,  then 
decreased  during  the  dormant  season  (fig.  3). 
There  were  no  differences  in  concentrations  in  ash 
and  oak  branch  wood.   Potassium  in  branch  bark  in 
green  ash  was  greatest  in  June  with  no  real  trend 
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discernible  during  the  year.   Oak  was  similar  to 
the  green  ash.   Proportions  of  K  in  the  various 
components  with  and  without  leaves  are  shown  in 
table  1. 


Calcium 

Calcium  concentrations  in  green  ash  foliage 
started  at  a  low  level  in  May,  peaked  in  August 
and  September,  then  decreased  in  October  (fig.  1). 
Oak  leaves,  however,  started  low  in  May  and  in- 
creased during  the  summer  to  a  high  in  October. 
Green  ash  and  oak  trees  had  higher  Ca  concentra- 
tions in  new  growth  on  the  ridge  than  flat  sites. 
No  other  differences  occurred. 

Calcium  concentrations  in  ash  bole  wood  on 
both  sites  started  low  at  the  beginning  of  the 
growing  season,  then  increased  in  the  late  grow- 
ing season  until  a  maximum  was  reached  during  the 
dormant  season  (fig.  2).   Calcium  in  bole  wood  of 
oak  was  low  during  the  growing  season,  increased 
rapidly  in  September  and  October,  then  remained 
relatively  stable  during  the  dormant  season. 
Branch  wood  of  both  species  started  out  low,  then 
increased  in  the  late  growing  season  and  dormant 
period.   Oak  branch  wood  had  higher  concentra- 
tions on  the  ridge  site.   There  were  no  signifi- 
cant differences  in  bole  bark  for  either  species 
(fig.  3),  and  branch  bark  for  oaks  during  the 
sampling  period.   There  were  monthly  differences 
in  green  ash  branch  bark,  but  no  trend  was  dis- 
cernible since  11  of  the  12  months  did  not 
differ.   Calcium  in  oak  bole  bark  and  branch  bark 
was  higher  on  the  ridge  site. 

Proportions  of  Ca  in  the  various  components 
are  shown  in  table  1.   Leaves  and  bole  bark  con- 
tained a  high  proportion  of  Ca.   After  leaf  fall, 
bole  and  branch  bark  and  bole  wood  appeared  to  be 
major  storage  areas  for  this  element.   Calcium 
concentrations  (fig.  2)  indicate  possible  absorp- 
tion through  the  roots  and  consequent  storage  in 
bole  wood  during  the  dormant  season. 


Magnesium 

Magnesium  levels  in  most  components  remained 
relatively  stable  throughout  the  sampling  periods. 
Exceptions  were  in  monthly  Mg  concentrations  in 
ash  new  growth,  bole  bark,  branch  wood  and  bark, 
and  oak  branch  bark.   However,  even  in  these  com- 
ponents there  were  variations  up  and  down,  and 
definite  trends  were  not  discernible.   Leaves 
again  contained  a  high  proportion  of  Mg  when  they 
were  present  (table  1).   As  with  Ca,  bole  and 
branch  bark  and  bole  wood  seemed  to  be  the  major 
storage  components  during  the  dormant  season. 


SUMMARY  AND  CONCLUSIONS 

These  data  characterize  biomass  and  nutrient 
concentrations  and  distribution  in  two  hardwood 
species  grown  at  4-  x  8-foot  spacing  over  a 


1-year  period  in  the  life  of  the  plantation, 
age,  species,  and  stand  density  affect  propoj 
of  nutrients  in  individual  parts  by  altering 
distribution  of  the  total  biomass  among  tissi 
and  perhaps  affecting  concentrations  of  nutri 
in  individual  segments  (Shoulders  1981). 
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After  three  growing  seasons,  green  ash  li 
produced  7,342  pounds  per  acre  of  above-grour  :ldr) 
matter  compared  to  only  3,572  for  swamp  chest  It 
oak.   Of  the  total  biomass,  ash  averaged  53% 
the  bole  (wood  plus  bark),  21%  in  leaves,  22%, a 
old  branches  (wood  plus  bark) ,  and  4%  in  new  / 
current-year  growth.   Swamp  chestnut  oak  had  i, 
24,  21,  and  5%  in  the  same  components.   These  ;:o- 
portions  changed  after  leaf  fall.   Concentrat  .iis 
of  N,  P,  K,  and  Mg  followed  the  general  order  : 
leaves  >  current-year  growth  >  bole  and  branc 
bark  >  bole  and  branch  wood.   Calcium  was  higgit 
in  bole  and  branch  bark  followed  by  leaves,   ' 
current-year  growth,  and  bole  and  branch  wood 
Foliage  of  ash  accounted  for  21%  of  the  total  ^ 
biomass  and  contained  34-55%  of  the  individual | 
nutrients,  while  oak  foliage  comprised  24%  of  lie 
biomass  and  contained  30-58%  of  the  individual] 
nutrients.   Fifty-three  percent  of  the  total   [ 
biomass  and  47-51%  of  individual  nutrients  weK^iir 
the  bole  of  ash,  while  in  oak  the  bole  accounfrE 
for  50%  of  the  biomass  and  41-47%  of  the  nutrdrits 
These  results  are  similar  in  trends  and  concetPCa- 
tions  to  those  reported  for  different  species  >n 
other  researchers  (Baker  and  Blackmon  1977,  Ca.ifsr 
and  White  1971,  Shoulders  1981,  Shelton  et  al.  jj 
1981,  Francis  1984). 

Some  elements,  as  shown  by  higher  concent^'; 
tions,  probably  were  absorbed  by  roots  and  stoql 
in  stems  and  branches  even  when  trees  were  in 
mancy. 


Because  of  the  high  concentration  of  indi  '!■ 
ual  elements  contained  in  the  leaves,  any  harv : 
ing  system  that  returns  the  leaves  to  the  site 
would  return  a  large  proportion  of  the  nutrien 
to  the  soil  and  thus  contribute  to  maintenance  i- 
site  quality. 
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IS  AERIAL  IGNITION  A  PANACEA  TO 


1/ 


THE  SOUTHERN  PRESCRIBED  BURNER?- 


2/ 


R.W.  JOHANSEN- 


Abstract . --Igniting  prescribed  burns  from  aircraft 
permits  the  forest  manager  to  ignite  large  areas  expedi- 
tiously and  allows  for  rapid  burnout.  Because  aircraft 
rentals,  ferrying,  and  standby  costs  are  high,  these 
machines  must  be  used  efficiently  to  make  their  use 
economically  feasible.  Burning  areas  in  excess  of  500 
acres  usually  allovs  per  acre  amortization  of  costs  to 
a  reasonable  level,  but  smaller  areas  can  be  affordably 
burned  only  if  several  neighboring  areas  are  done 
successively.  Helitorches  filled  with  gelled  gasoline  are 
best  used  for  site  preparation  burning  while  the  aerial 
ignition  device  (AID)  system  allows  for  better  spot  fire 
placement  when  underburning  existing  stands. 


INTRODUCTION 

Prescribed  fire  continues  to  play  an 
important  role  in  the  management  of  many 
Southern  forests,  primarily  for  purposes 
of  hazard  reduction  and  undesirable 
species  control.  But  one  of  the  endemic 
problems  of  an  extensive  burning  programs 
has  been  the  limited  number  of  suitable 
days  for  burning  when  winds  remain  steady, 
but  not  too  high,  for  extended  periods  and 
temperatures  remain  below  60°F. 


Special  care  had  to  be  exercised  in 
ignition  patterns  used  so  the  torchm 
would  not  be  endangered  by  their  own 
fires.  The  recent  use  of  aircraft  to 
ignite  prescribed  burns  has  had  two 
effects : 

1.  The  ignition  process  has  beei 
greatly  accelerated,  and 

2.  The  type  of  ignition  pattern 
used  is  not  governed  by  consideratioi 
of  personnel  safety  within  the  fired 
area.  No  one  need  be  there. 


Before  the  use  of  aircraft  in  pre- 
scribed burnes,  areas  were  usually 
ignited  by  men  walking  and  stringing  fire 
from  drip  torches.  The  rate  of  ignition 
was  limited  by  the  rate  at  which  men 
could  travel  on  foot  and  the  number  of 
internal  lines  constructed  beforehand. 


1_/Paper  presented  at  the  Third 
Biennial  Southern  Silvicultural  Research 
Conference,  Atlanta,  Georgia,  November 
T-8,  1981i 

2_/Ragner  W.  Johansen,  Research 
Forester,  USDA  Forest  Service,  South- 
eastern Forest  Experiment  Station, 
Southern  Forest  Fire  Laboratory,  Macon 
Georgia 


Two  types  of  aerial  ignition  sysv 
terns  are  currently  available  for  use: 
(l)  the  aerial  ignition  device  (AID) 
that  is  a  machine-dispensed  plastic 
capsule  containing  an  igniter  chemica.j 
and  (2)  the  helitorch,  which  is  a  gia  i 
version  of  a  hand-carried  drip  torch 
from  which  a  flaming  petroleum  liquid 
i  s  dispensed . 


AERIAL  IGNITION  DEVICES 

In  the  mid  1960's  Australian 
foresters  developed  the  first  AID 
prototype  by  using  powdered  potassium 
permanganate  in  a  cylindrical  plastic 
capsule  that  would  ignite  upon  the  in1i 
duction  of  ethylene  glycol  solution 
(Packham  and  Peet  1967).  The  system 
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lowed,  for  machine  injection  and  dis- 
nsing  of  the  activated  capsules  from 
xed-wing  aircraft  and  was  used  to  pre- 
rite  burn  thousands  of  acres  of  forest 
nd  daily. 

Canadian  foresters  adopted  the  use 
AIDS  in  the  1970' s  but  changed  the 
sign  of  the  igniter  to  a  ping-pong 
11-like  capsule  and  redesigned  the 
spensing  machine  to  handle  this  new 
psule .  These  new  AIDs  are  available  to 
B   public  for  purchases  3_/ .  Use  of  the 

s  requires  no  ground  support  to  supply 
;(  operate  the  equipment,  but  a  dis- 
Jising  machine  operator  is  needed  in 
,■;  aircraft.  The  system  should  only  be 
i;d  when  the  ground  litter  is  entirely 
iitinuous  because  the  plastic  ball 
.lition  area  is  not  much  greater  than 
,;  ball  itself.  The  main  advantages  to 
ij.ng  AIDs  are  the  complete  control  that 
'possible  in  placement  of  spot  fires 
rlhin  an  area  and  the  lack  of  need  for 
;i)und  support  personnel  to  service  the 
Hhine.  This  ignition  system  is  not 
•itommended  for  igniting  piled  logging 
[liris  or  broadcast  debris  areas  where 
iilsiderable  fuel  discontinuity  exists. 

The  AID  system  is  being  used  exten- 
!:ely  throughout  the  South.  The  North 
lilolina  Forest  Service  uses  excess 
)]|perty  military  helicopters  and  AID 
ujhines,  and  offers  a  prescribed  burn- 
Li;  service  at  cost  to  forest  landowners 
Li:;the  State.  Landowners  must  make  early 
i]'lication  for  prescribed  burning 
itivices  so  the  State  personnel  can  plan 
'A'   most  efficient  use  of  the  proximate 
;cleach  other.  The  Georgia  Forestry 
:ciinission  also  owns  a  machine  they  use 
icprescribe  burn  State  Forest  lands.  The 
ishine  has  also  been  used  to  burn 
Fferal  lands  within  Georgia, 
i/eerhaeuser  Co.  and  Union  Camp  Corp., 
sin;'ng  others,  also  use  AIDs  to  underburn 
tl]|ir  pine  forests  in  the  South. 


*  HELITORCHES 

I  Several  prototypes  of  helitorches 
irii  being  used  operationally  to  ignite 
SCumulations  of  natural  undisturbed 
fcest  litter  and  logging  debris,  but 
on;y  the  Simplex  torch,  certified  for 
US'  on  National  Forests,  is  commercially 


available  to  the  publici4_/.  The  simplex 
torch  is  suspended  below  the  helicopter 
on  two  cables,  13  and  l6  feet  long,  that 
are  attached  to  the  craft's  cargo  hook. 
This  allows  for  the  immediate  jettison  of 
the  torch  in  emergencies .A  ground  crew  of 
four  men  is  usually  used  with  this 
operation.  Only  a  two  man  crew  is  needed 
if  a  cart,  recently  designed  by  USDA 
Forest  Service  personnel,  is  used  to  move 
the  fuel  drums.  Aircraft  servicing  is 
somewhat  cumbersome  because  either  the 
pilot  must  hover  while  fuel  tanks  are 
exchanged  or  the  helitorch  must  be  landed 
before  the  craft  can  land  beside  it. 

The  ignition  fuel  now  used  in  all 
torches  is  gelled  gasoline,  made  by  mix- 
ing a  proprietary  product  ,  Alumagel 
powder,  with  gasoline.  The  recommended 
proportions  of  powder  to  gasoline  are  5 
to  6  pounds  per  25  gallons,  but  one 
operator  uses  only  3  to  U  pounds  by  mix- 
ing a  day's  supply  several  hours  before 
use.  Gasoline  containing  tetraethyl  lead 
such  as  regular  gasoline,  thickens  more 
quickly  and  uniformly  than  the  unleaded 
product.  A  newer  product  called  Sure- 
fire, available  from  Western  Equipment 
Co.  at  about  $^4.00  per  gallon,  will 
thicken  gasoline  more  rapidly  at  a  concen- 
tration of  only  2  pounds  per  30  gallons. 

The  owner  of  Summerville  Aviation, 
Inc.,  Summerville,  South  Carolina,  has 
designed  a  helitorch  that  is  mounted  on 
his  own  helicopters  for  contract  pre- 
scribed burning  work.  The  aircraft  is 
serviced  by  one  ground-crew  member  who 
carries  all  needed  supplies  in  a  long- 
bed  pickup  truck.  These  aircraft  operate 
from  forest  openings  and  woods  road 
intersections.  Replenishing  torch  fuel 
mix  usually  takes  less  than  2  minutes  as 
a  result  of  the  pilot  being  able  to  land 
and  take  off  in  a  normal  configuration. 
Emergency  landings  ,  such  as  by  auto- 
rotation,  are  also  in  normal  configu- 
ration with  the  torch  fuel  igniter 
turned  off. 

Another  aircraft  leasing  firm.  Rotor 
Wing,  Inc.  Birmingham,  Alabama;  has 
designed  and  constructed  a  steel  tubing 
frame  in  which  the  helitorch  and  torch 
fuel  tank  are  fastened.  The  helicopter 
skids  fit  into  metal  channels  on  top  of 
the  frame  which  is  held  to  the  helicopter 


3/    Premo  Plastics  Engineering,  Ltd 
8(  Viewfield  Road,  Victoria,  B.C., 
Ctiada. 


i*_/Simplex  Manufacturing  Co., 
Portland,  Oregon. 
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by  cables  attached  to  the  plane's  cargo 
hook.  In  case  of  in-flight  emergencies, 
the  frame  can  be  immediately  jettisoned 
from  the  aircraft  by  releasing  the  hook. 
In  the  operational  mode,  the  bottom  of 
the  frame  contacts  the  ground  and 
supports  the  weight  of  the  aircraft.  The 
frame  would  not  support  the  helicopter 
in  an  emergency  autorotation  landing. 
Currently  one  ground  crewman  is  used  to 
mix  the  gelled  gasoline  and  service  the 
aircraft  from  a  pickup.  The  operation 
runs  smoothly,  although  the  gasoline  is 
not  always  properly  gelled  by  the  time 
the  helicopter  returns  for  refueling..', 
a  not  uncommon  occurrence  in  mix-as- 
needed  operations. 


BURNING  COSTS 

Using  helicopters  to  deliver 
ignitions  from  either  AID  machines  or 
helitorches  is  expensive.  The  charge  for 
leasing  a  four  to  five  passenger  heli- 
copter such  as  the  Bell  206  currently 
costs  about  $550  per  day  for  standby 
plub  $150  per  hour  for  flying  time. 
Smaller  helicopters,  such  as  the  two 
place  Hughes  500,  cost  approximately 
$350  for  standby  plus  $100  per  hour  when 
flying.  Fortunately,  the  smaller  aircraft 
are  adequate  for  performing  the  pre- 
scribed burning  tasks.  Per  acre  burning 
costs  are  minimized  if  the  operation 
takes  place  on  areas  1,000  acres  or 
greater.  Reasonable  costs,  averaging 
under  $3  per  acre,  can  also  be  realized 
on  smaller  areas  (tracts)  if  several 
are  proximately  located  to  minimize 
ferry  time  and  which  can  be  burned  during 
the  same  day. 

There  would  be  a  definite  advantage 
for  the  landowner  to  deal  with  aircraft 
operators  who  have  had  previous  experi- 
ence with  aerial  ignition,  but  in  all 
cases  there  should  be  adequate  ground 
control  such  that  the  operation  can  be 
halted  if  fire  behavior  becomes  more 
intense  than  desired. 


FIRE  BEHAVIOR  DIFFERENCES 

RESULTING  FROM  SPOT 

AND  LINE  IGNITIONS 

That  fire  fronts  behave  differ- 
ently depending  on  whether  they  are 
moving  with,  against,  or  flanking  the 
prevailing  wind  direction  is  common 
knowledge  among  wildland  fire  fighters 
There  also  is  evidence  that  the  spread 
rate  of  fires  moving  with  the  wind  is 
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greatly  influenced  by  the  length  of 
fire  front . 

Preliminary  results  from  a  f  ir  ij 

behavior  study  involving,  among  oth  \i 

simultaneous  ignitions  of  a  i+-chain  Si] 

of  heading  fire  proximate  to  a  sing  I 

spot  fire  indicate  that  within  the  Irs 

lO-min  burning  period  the  line  of  f  U 

i 
will  have  travel  a  distance  I.7  to  .|.5 

times  farther  downwind  than  the  spo- 
fire  (table  l).  This  means  that  a  sii|Le£ 
of  spot  fires  ignited  along  a  line  iilild 
be  expected  to  develope  lower  fire 
intensities  along  the  ignition  line  j 
than  would  an  equal  line  of  fire  in  ie 
same,  continuous  understory  fuel.  Sic. 
information  should  be  useful  to  pre- 
scribed burners  who  are  considering 
using  either  a  helitorch  or  AID 
machine . 


INFLUENCES  OF  TREE  SIZE 

AND  BURNING  SEASON 

Young  trees,  frequently  up  to  3 
inches  d.b.h.,  are  often  stem  girdle! 
by  heat  when  burned  in  wildfires.  Mol(i 
native  pine  species  will  not  survive* 
such  treatment  while  the  hardwoods  w. 
usually  resprout  from  adventitious  To.. 
in  the  root  collar  or  lateral  roots. 
Young  plantations  have  been  successf-. 
prescribed  burned,  but  extreme  care  ' 
exercised.  Fuel  loading  must  be  ligh' 
weight,  and  backing  fire  is  usually  1 
to  minimize  fireline  intensity. 
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Trees  with  stems  more  than  5  in<l|S 
d.b.h.  are  usually  not  damaged  by  hes 
exposure  to  the  stem.  Most  mortality 
is  due  to  heat  kill  at  the  cambium  ar  _ 
buds  in  the  tree  crown.  The  taller  tka 
tree,  the  greater  the  fireline  intensiiy 
the  crown  can  with  stand  before  damag^ 
occurs  because  heat  dissipates  with   j 
height  (Davis  and  Martin  196O).  Thus , ! 
prescription  burns  in  the  understory  )| 
a  30-foot  stand  must  be  undertaken  wi 
considerably  more  care  and  finesse 
than  if  the  stand  were  double  that 
height.  The  decision  whether  aerial 
ignition  can  be  safely  used  to  under- 
burn  depends  not  only  on  stand  size  b 
also  on  available  fuel  loading  in  the 
flaming  front.  The  amount  of  fuel  and 
rate  at  which  it  burns  determines  hea 
release  rate,  which  is   the  key  to 
judging  the  probable  success  of  a  bun 

In  all  cases  where  natural  stands 
are  being  prescribed  burned,  aerial 
ignitions  will  result  in  higher  fire 
intensities  than  if  backing  fires  are 
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Table  1. — Spot   fire   and  line  fire  downwind  distances  traveled  during  January  I98U   for  equivalent  time 
periods   in  a  2-year  palmentto-gallberry  rough  in  Coastal  Plain  Georgia 


Fire 
replic  at  ion 


Hour 


Surface  litter 
fuel  moisture 


Travel  distance 


Spot  fire 
5  miin   10  min 


Line  fire 
5  min 


10  min 


p 

ercent 

Feet 

1               11 : 35  a.m. 

37 

k     --     Ik                             3k 

105 

2               2:50p.m. 

30 

12             61 

162 

3               3:U5  p.m. 

32 

58     139            89 

2i*2 

used.  The  forest  manager,  therefore  must 

an  area  and  relative  humidity 

drops  to 

first  decide  whether  the  understory  in 

below  30  percent,  the  surface 

litter  can 

need  of  burning  can  tolerate  anything 

change  from  a  moisture  content 

above  35 

other  than  a  backing  fire  because  of  too 

percent  in  the  morning  to  well 

below  30 

young  an  overstory,  too  much  fuel 

percent  in  the  afternoon.  As  a 

result  , 

accumulation,  or  both.  Only  if  crop 

fire  behavior  will  also  change 

sharply 

trees  can  withstand  the  expected  fire- 

during  the  course  of  the  day. 

The  pre- 

line  intensity  without  excessive  damage 

scribed  burner  must  remain  cog 

nizant  of 

of  aerial  ignition. 

these  changes  and  conduct  burning  in 

accordance  with  them. 

LITTER  MOISTURE  EFFECTS 

ON  FIRE  SPREAD  RATE 

Estimates  of  changes  in  rate  of  fire 
spread  due  to  changes  in  litter  moisture 
in  palmetto-gallberry  fuel  under  a  slash 
pine  stand  have  been  published  by  Hough, 
where  he  suggests  that  halving  the  litter 
moisture  will  cause  an  approximate  25 
percent  increase  in  fire  spread  rate  at 
the  head  (Hough  and  Albini  1973). 

Preliminary  study  information  (table 
ll)  shows  that  a  line  of  fire  burning 
across  surface  litter  of  37  percent 
moisture  content  moves  only  at  an 
^average  rate  of  10.5  feet  per  minute. 
■The  author  observed  a  backing  fire  would 
.not  sustain  itself  at  this  moisture 
jcontent.  When  the  surface  litter  moisture 
'Icontent  was  lowered  to  30-32  percent, 
jheading   fire  spread  rate  increased  to 
j|l6-2U  feet  per  minute  and  backing  fires 
[Would  progress  in  a  continuous  line.  Spot 
jfires  ignited  in  the  palmetto-gallberry 
Jtype  on  a  2-chain  square  grid  also 
respond  differently  to  changes  in  litter 
Boisture  content.  When  surface  litter 
noisture  content  was  approximately  2k 
percent,  the  mean  time  needed  to  travel 
:o  its  downwind  neighbor  was  13  minutes, 
Dut  at  a  30  percent  moisture  content  the 
time  increased  to  20  minutes. 
i 

j     The  prescribed  burner  should  keep  in 
liind  that  on  days  when  dry  air  moves  into 


SITE  PREPARATION  BURNING 

In  clearcut  logged  areas  where 
debris  has  been  either  piled  or  allowed 
to  remain  broadcast  before  burning,  the 
helitorch  is  ideally  suited  to  do  the  job. 
The  globs  of  burning  gelled  gasoline 
released  from  the  torch  are  long-burning 
and  adhere  well  to  anything  they  touch. 
The  penetration  quality  of  this  burning 
fuel  is  especially  useful  when  dropped 
into  debris  that  has  been  piled  for  it 
brings  about  rapid  ignition.  Rapid 
ignition  allows  for  rapid  burnout  of  an 
area,  and  any  desired  firing  pattern  can 
be  used  because  no  personnel  need  be 
inside  the  fire  control  lines. 

CONCLUSIONS 

There  is  no  doubt,  that  the  use  of 
aerial  ignition  can,  in  many  instances,  be 
a  panacea  to  the  forest  landowner  who 
burns  large  tracts.  This  is  especially 
true  if  logging  debris  is  in  need  of 
disposal  before  regeneration  can  take 
place.  Gelled  gasoline  dispensed  from  a 
helitorch  is  the  best  system  conceived  to 
date  for  the  ignition  of  logging  debris. 

There  is  some  question,  however, 
whether  aerial  ignition  techniques  should 
even  be  used  for  the  first  burn  in  young 
pine  stands  or  where  heavy  litter  and  fuel 
continuity  into  the  overstory  is  evident. 
Very  high  fireline  intensity  buildups  can 
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occur  under  these  circumstances  if 
extreme  care  is  not  used  in  selecting 
the  proper  burning  conditions.  The 
safest  approach  would  be  to  use  backing 
fire  for  the  first  burn  and  aerial 
ignition  thereafter  on  a  2-to  3-year 
burning  cycle. 

Aerial  ignition  would  not  ordinarily 
be  a  panacea  to  the  small  forest 
landowner  because  standby  aircraft  costs 
could  not  be  amortized  over  a  large  area, 
thus  making  per  acre  costs  excessive. 
Only  if  State  Forestry  Commissions 
offered  an  aerial  ignition  prescribed 
burning  service  (thus,  eliminating  stand- 
by costs),  or  burning  could  be  done  in 
conjunction  with  a  neighboring  large 
landowner  operation,  could  a  small  land- 
owner afford  to  use  aerial  ignition 
techniques . 
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OAK  REGENERATION  BEGINS  GROWTH  EARLIER 

UNDER  FOP£ST  CANOPIES  THAN  IN  CLEARCUTsi^ 

Charles  E.  McGee^'' 


Abstract. — Budbreak  and  leaf  development  were  monitored 
on  seedlings  and  saplings  of  northern  red  oak,  white  oak, 
black  oak,  post  oak,  scarlet  oak,  and  chestnut  oak  growing 
under  forest  canopies  and  in  open  clearcuts.   Oaks  growing 
under  canopies  consistently  broke  bud  and  initiated  leaf  de- 
velopment earlier  than  those  growing  in  clearcuts.   The  ob- 
served phenological  patterns  suggest  that  early  leaf  develop- 
ment, particularly  for  advance  oak  regeneration  recently  re- 
leased by  harvest,  exposes  saplings  to  adverse  weather  and 
may  cause  regeneration  problems. 


Problems  with  oak  regeneration  are  widespread, 
pllowing  harvest,  oak  stands  are  often  replaced  by 
jtands  containing  fewer  oaks  or,  occasionally,  no 

fks.  While  oak  regeneration  problems  are  not  new, 
e  current  reporting  of  difficulties  across  a  wide 
ray  of  conditions  and  regions  brings  urgency  to 
blving  the  problems.   Unfortunately,  there  seems 
be  no  immediate  relief  in  sight.   Since  the  re- 
rted  difficulties  cover  a  range  of  oak  species 
jid  site  conditions,  it  seems  likely  that  there  is 
0  one  cause  and  probably  no  common  solution  to  the 
roblems. 


One  source  of  regeneration  problems  may  be  the 
!|ieonological  habits  of  oaks.   Previous  work  has 
lown  that  potted  northern  red  oak  and  scarlet  oak 
rowing  in  the  shade  will  break  buds  and  initiate 
iaf  development  sooner  than  those  growing  in  the 
len  (McGee  1975).   When  these  potted  oaks  are  re- 
eved from  the  shade  during  the  dormant  season, 
ley  will  still  begin  growth  earlier  than  those 
jOwn  continually  in  the  open.   It  made  no  differ- 
^ce  if  potted  oaks  were  outplanted  in  the  shade  or 
I  the  open — those  that  had  been  grown  in  the  shade 
;gan  growth  ahead  of  those  that  had  been  grown  in 
le  open  (McGee  1976).   A  year  later,  during  the 
cond  growing  season,  the  oaks  outplanted  under  a 
nopy  began  growth  17  days  ahead  of  those 


J_/  Paper  presented  at  Southern  Silvicultural 
search  Conference,  Atlanta,  Georgia,  November 
8,  198A. 

11     Principal  Silvlculturist,  USDA,  Forest 
rvice.  Silviculture  Laboratory,  Sewanee,  Tennes- 
ie»  maintained  by  the  Southern  Forest  Experiment 
iJation,  in  cooperation  with  the  University  of  the 
!uth. 


outplanted  in  the  open.   Evidently,  the  annual  in- 
itiation of  growth  in  oaks  is  controlled  by  the 
presence  or  absence  of  a  canopy  the  previous  grow- 
ing season  rather  than  by  the  current  condition. 
Seedlings  that  were  released  after  growing  for  a 
year  or  more  under  a  canopy  began  growth  earlier 
than  open-grown  seedlings  and  were  exposed  to  dam- 
age from  cold  weather.   In  these  studies,  tempera- 
tures in  the  open  were  found  to  be  colder  and  the 
likelihood  of  frost  substantially  greater  than  un- 
der a  canopy. 

The  purpose  of  the  present  study  was  to  deter- 
mine if  naturally  growing  seedlings  and  saplings  of 
six  species  of  oaks  had  different  patterns  of  bud- 
break  and  leaf  development  under  canopies  or  in  the 
open.  This  study  also  documents  the  effect  of  rela- 
tively small  differences  in  topographic  position  on 
the  time  of  budbreak. 


METHODS 

Four  locations  in  Franklin  County,  Tennessee, 
within  two  miles  of  each  other,  were  selected  for 
study.   Each  location  included  a  clearcut  area  and 
an  adjacent  mature  hardwood  forest.   Plateau  I  and 
Plateau  II  were  located  on  the  Cumberland  Plateau 
top  at  elevations  of  1,950  feet,  and  Cove  I  and  Cove 
II  were  located  in  sidehill  coves  on  the  Plateau 
escarpment  at  elevations  of  about  1,500  and  1,600 
feet. 

The  clearcuts  ranged  in  age  from  3  to  7  years 
and  contained  a  wide  variety  of  species.   The  adja- 
cent hardwood  forests  contained  70  to  110  square 
feet  per  acre  basal  area  and  provided  a  full  canopy. 
Oak  species  in  the  understory  of  these  forests  varied 
by  locatJ*^" 
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As  many  as  10  healthy  seedlings  or  saplings  of 
each  oak  species  available  at  each  location  under 
both  canopy  conditions  were  described,  measured, 
and  tagged.   Periodic  observation  of  the  budbreak 
and  leaf  development  of  sample  seedlings  and  sap- 
lings began  in  early  March.   After  March  15,  obser- 
vations were  made  at  least  three  times  a  week. 

Observations  made  on  each  sapling  included: 

1.  Date  of  bud  elongation- 

2.  Date  of  first  budbreak. 

3.  Date  budbreak  one-half  completed. 

4.  Date  budbreak  completed. 

5.  Date  leaves  first  visible. 

6.  Date  leaf  first  fully  expanded. 

All  observations  on  budbreak  and  leaf  development 
were  made  with  the  unaided  eye.   Budbreak  of  oaks 
is  easy  to  observe  because  breaking  is  characterized 
by  the  appearance  of  greenish  or  reddish  material 
between  the  bud  scales.   Exact  determination  of  the 
date  of  first  leaf  appearance  and  leaf  expansion  is 
somewhat  more  subjective,  but  errors  in  these  obser- 
vations are  thought  to  be  small. 

The  sample  included  64  white  oaks,  35  northern 
red  oaks,  45  black  oaks,  33  scarlet  oaks,  34  chest- 
nut oaks,  and  22  post  oaks.   Of  the  total,  118  were 
in  clearcuts  and  115  were  under  the  forest  canopies. 
White  oak  was  the  only  oak  occurring  in  the  open 
and  in  the  shade  at  all  locations.   Northern  red 
oak  occurred  only  in  the  cove  sites,  and  scarlet  oak 
and  post  oak  occurred  only  in  the  sites  on  top  of 
the  Plateau. 

Most  of  the  observed  oaks  were  between  2  and 
5  feet  tall,  but  a  few  growing  in  the  open  exceeded 
5  feet,  and  a  few  in  the  shade  were  less  than  2  feet. 


RESULTS 

The  presence  or  absence  of  a  canopy  and  topo- 
graphic position  were  found  to  be  important  factors 
in  the  initiation  of  spring  growth  (Table  1,  Fig.  1). 
Shaded  oaks  began  growth  earlier  and  developed  fast- 
er than  those  in  the  open.   Similarly,  oaks  growing 
in  the  two  cove  sites  began  growth  earlier  than 
those  on  the  two  Plateau  sites. 

The  first  observed  budbreak  was  on  a  white  oak 
in  the  shaded  portion  of  Cove  II  on  March  28,  and 
the  last  to  show  budbreak  were  a  white  oak  and  a 
black  oak  growing  in  the  open  on  Plateau  I  on  May  7. 
Thus  the  budbreak  period  covered  40  days. 

Average  dates  of  budbreak  were  calculated  from 
the  individual  dates  of  budbreak  by  species  and  lo- 
cation for  shade  vs.  open  conditions  (Fig.  1).   In 
all  cases  where  a  comparison  was  possible,  the  av- 
erage date  of  budbreak  for  shaded  oaks  preceded  the 
average  date  for  oaks  in  the  open,  ranging  from  16 
days  for  white  oak  in  Cove  II  to  4  days  for  black 
oak  in  Plateau  sites  I  and  II.   A  few  trees  contra- 
dicted the  trend  when  the  first  individuals  to  break 
bud  in  the  open  preceded  the  last  individuals  to 
break  them  in  the  shade  (Table  1).   'Tie  only 
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extensive  example  of  nonconformity  was  in  Gov  [ 
where  one  open-grown  northern  red  oak  precede  py 
5  days  the  last  northern  red  oak  to  break  bud 
the  shade. 

In  the  shaded  sites  of  Cove  I  and  Cove  I  ;the 
leaves  of  chestnut,  white,  and  northern  red  o, , 
first  appeared  on  April  15,  16,  and  18,  respei  ■ 
ly,  and  in  the  open  on  April  22,  24,  and  26,  : 
spectively.   On  the  two  Plateau  sites,  the  pai  ^Im 
of  leaf  emergence  was  about  the  same  but  occui  Jd 
8  to  12  days  later  than  in  the  coves. 

A  light,  scattered,  and  very  late  frost  t -it 
occurred  on  May  31  had  a  visibly  adverse  effecm 
the  open-grown  oaks  on  the  Plateau  I  site.   Of  he 
38  sample  oaks  in  this  area,  18  were  lightly  d  iig- 
ed  and  7  were  moderately  damaged.   None  receiv>| 
heavy  frost  damage,  but  neighboring  hickory,  b 
gum,  and  sumac  saplings  were  heavily  damaged, 
of  the  oaks  or  other  species  growing  under  the! 
by  hardwood  forest  were  damaged.   Usually,  pla 
that  leaf  out  the  earliest  are  damaged  most  by 
and  cold  weather,  but  in  the  case  of  this  very 
frost,  damage  was  greatest  on  those  plants  thaw 
leafed  out  last  and  had  very  young  leaves. 
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DISCUSSION 
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This  study  provides  further  documentation  if 
shaded  oak  seedlings  and  saplings  begin  budbreswj 
substantially  ahead  of  those  growing  in  the  opti« 
Budbreak  data  also  showed  that  oaks  growing  in  -iie 
hill  coves  on  the  Cumberland  Plateau  escarpment- 
(Cove  sites  I  and  II)  began  growth  earlier  than, 
those  on  Plateau  sites  I  and  II.   The  variable  ■ 
tern  of  budbreak  and  leaf  initiation  helps  to  e; 
plain  why  some  individual  oaks  as  well  as  other- 
plants  are  sometimes  damaged  by  weather,  while  • 
ers  growing  nearby  are  not .   Open-grown  plants  . 
exposed  to  warmer  daytime  temperatures  and  coldi 
nighttime  temperatures  than  shaded  plants.   Opei 
grown  plants  are  also  more  likely  to  receive  fn 
than  those  growing  in  an  understory.   Fortunate!) 
for  tree  growers,  open-grown  oak  saplings  begin' 
growth  later  than  shaded  oaks,  normally  after  t« 
peratures  have  increased  and  danger  from  frost  i 
diminished.   However,  if  oaks  that  had  been  shad  i| 
by  a  canopy  the  previous  year  begin  growth  the   | 
growing  season  following  canopy  removal  as  thoug  i, 
they  were  still  in  the  shade,  there  is  increased  \ 
likelihood  of  weather  damage  to  new  growth.   The 
average  dates  of  first  budbreak  for  shaded  oaks 
were  earlier  than  open-grown  oaks  by  as  much  as 
16  days.   For  example,  shaded  white  oak  in  Cove 
began  growth  on  April  6.   The  average  date  of  tb 
last  spring  freeze  is  April  9,  and  4  out  of  5  yei  i 
temperatures  as  low  as  38°F  occur  after  April  29, 
If  the  canopy  is  removed  from  the  oaks  in  Cove  I. 
and  white  oak  budbreak  occurs  the  following  year 
about  April  6,  then  exposed  and  tender  buds  will 
be  subjected  to  a  freeze  1  in  every  2  years  and  t 
temperatures  conducive  to  frost  about  4  in  every 
5  years. 
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Table  1. — Range  of  dates  of  budbreak  for  oak  seedlings  and  saplings 


Species 

Shade 

Op 

en 

No.   of 
samples 

Dates  of 
>     budbreak 

No.  of 
samples 

Dates  of 
budbreak 

White 
Black 
Scarl( 
Post  ( 

White 
Black 
ScarU 
Post  c 
Chestr 

White 
Black 
Chestr 
Northe 

White 
Black 
Chestr 
Northe 

oak   (Q 

jercus  alba  L.) 

Plateau 

10 

10 

)            9 

2 

Plateau 

10 
10 

4 

7 
None 

Cove  I 

10 

None 

10 

10 

Cove  II 

3 

None 

10 

10 

_I_ 

4/13-4/23 
4/23-4/27 
4/20-4/27 
4/18-4/23 

II 

4/18-4/23 
4/20-4/25 
4/18-4/25 
4/18-4/25 

4/9-4/16 

4/5-4/13 
4/13-4/23 

3/28-4/11 

4/5-4/16 
4/11-4/16 

10 

10 

10 

8 

8 

10 

10 

5 

4 

10 
2 
9 

10 

3 
3 

1 
5 

4/27-5/7 

oak   (Q 

.   velutina  Lam.) 

4/27-5/7 

it  oak   (Q.  coccinea  Muenchh. 
Dak    (Q.   stellata  Wangenh.) 

4/30-5/4 
4/30 

oak 

oak 
!t  oak 
)ak 
lut  oak 

oak 

oak 

lut  oak 
;rn   red 

oak 
oak 

ut  oak 
rn   red 

(Q.   prinus  L.) 
oak   (Q.   rubra  L.) 
oak 

4/23-4/27 

4/23-4/30 

4/23-5/2 

4/23-5/4 

4/18-4/23 

4/16-4/23 
4/23-4/27 
4/13-4/23 
4/18-4/25 

4/20-4/23 
4/23 
4/16 
4/20-4/27 

(-s 

wo   -   WHITE     OAK 

BO   -  BLACK    OAK 

so   -  SCARLET    OAK 

PO    -  POST    OAK 
NRO  -  NORTHERN  RED  OAK 

CO   -  CHESTNUT    OAK 
■     -   UNDER   FULL    CANOPY 
«     -   IN    OPEN    CLEARCUTS 
1         1         1          1         1         1         1         1         1         1 

■ 

-BO  — 

c  n  _ 

• 

1 

1     1     1     1 

1           1           1           1           1 

1        1 

1        1 

1 

I         1 

1     1     1     1     1     1     1     1 

1     t     t     1 

■ WO • 

• 

1 

1 

? 

5! 

■ PO 

1       1       1       1       [ 

• 

1        1 

1        1 

k, 

-• 

J L 

— 1 L 

_J_ 

J 

'^ 

•~ 



1     1     1     1     1     1     i     i_. 

±111 

^  ■ 

1 1- 

J L 

-J-JL 

^  ■ 

.J 1— 1 L. 

1        1        1       L     _1_ 

1     1     I     1     1     1     1  ._i_ 

6     7     e     9     10    M     12    13    14    15    16    17    18    19  20  21  22  23  24  25  26  27  28  29  30    I      2 

APRIL  MAY 
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These  findings  strongly  suggest  that  LITERATURE  CITED 

phenological  patterns  are  involved  in  the  growth  McGee  C  E 

and  development  of  oak  regeneration  and  may  in  107^   rv,or,rr^  ■;„  <r„^„„<.  „„      ^r   ^   u   ■■ 

^,         ,                .  ,°       ^        ,           ■'             .  ly/D.   Change  in  forest  canopy  affects  phenol 

some  cases  be  the  partial  cause  of  oak  regeneration  ^^^  development  of  northern  red  and  scarlet 

failure.   Over  the  years,  a  number  of  studies  of  ^^j^  seedlings.   Forest  Sci.  21(2):  175-179 

precommercial  thinning  in  oak  stands  have  reported  McGee   C  E 

failure  of  the  oaks  to  increase  in  height  immediate-  iq7a   n-;^<:«^„  „«   •   u  ju   i  i.  ^      ^     ■, 

r   -,-,       .             -,                 ^.    ^i:     c      t    ^           J  ly/b.   Differences  in  budbreak  between  shade- 

ly  following  release.   The  effect  of  shade  and  ,»-„rTv.  -.^a   ^ ^   _   i     jt  ■      ^  „ 

,     ,                 ^,     ^    .  .     J-  ,_  j^   ,      ,  grown  and  open-grown  oak  seedlings.   For.  Sr 

shade  removal  on  the  timing  of  budbreak  may  have  22(4)-  484-486 
played  a  role  in  the  lack  of  height  growth  in  re- 
leased trees.   Obviously,  more  study  is  needed  to 
fully  evaluate  the  theories  and  conclusions  offer- 
ed in  this  paper. 
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RESPONSE  OF  SLASH  PINES  TO  GRAZING  FROM  REGENERATION 


TO  THE  FIRST  PULPWOOD  THINNING-!^' 


1/ 


2/ 


H.  E.  Grelen,  H.  A.  Pearson,  and  R.  E.  Thill- 


Abstract. — Survival  and  growth  of  planted  and 
seeded  slash  pine  (Finns  elliottii   Engelm. )  on  grazed 
forest  range  was  compared  with  that  of  trees  in 
ungrazed  fenced  exclosures.   Measurements  at  age  18 
indicated  that  height  of  planted  trees  was  not  affected 
by  grazing,  but  heavily  grazed  plots  had  fewer 
trees/acre  with  larger  d.b.h.  than  the  ungrazed. 
Consequently,  differences  in  volume  were  not  signifi- 
cant.  Seeded  trees  showed  no  significant  effects  of 
grazing. 


INTRODUCTION 


Millions  of  acres  in  the  South  had  remained 
essentially  treeless  following  clearcutting  of 
old-growth  longleaf  pine  (Pinus  palustrie   Mill.) 

I  during  the  early  1900' s.   Annual  burning  kept 

i upland  hardwoods  in  check,  favoring  the  growth  of 
grasses  and  other  forage  plants.   Much  of  the 

jcutover  land  was  abandoned  by  the  timber  com- 
panies, and  open-range  grazing  became  a  way  of 
life.  Later  attempts  by  companies  to  restore 
pines  to  these  lands  failed  because  of  the  fre- 

jquent  fires. 

After  World  War  II,  the  booming  postwar  econ- 
omy demanded  more  lumber  from  southern  pine  lands , 
and  forest  management — including  fire  prevention — 
became  more  intensive.   As  pines  regained  domi- 
nance, forage  production  declined  and  cattlemen 
realized  that  they  must  fit  their  operations  into 
timber  management. 

I    To  help  provide  guidelines  for  this  new  era 
In  southern  forest  grazing,  a  study  was  begun  in 
I960  on  cutover  land  in  Louisiana  to  evaluate  the 
Long-term  reciprocal  effects  of  managed  yearlong 
jrazing  and  slash  pine  regeneration.   The  study 
^as  recently  concluded  with  the  first  pulpwood 
thinning  at  stand  age  18.   Survival  and  heights  at 
ige  5  were  reported  by  Pearson  and  others  (1971). 


—'    Paper  presented  at  the  Third  Biennial 
outhern  Silvicultural  Research  Conference, 
tlanta,  Georgia,  November  7-8,  1984. 

£.'  Authors  are  Range  Scientists,  Southern 
orest  Experiment  Station,  Pineville,  LA.  71360 


METHODS 


Study  Area 

The  study  was  on  the  Palustris  Experimental 
Forest  in  central  Louisiana.   Annual  precipitation 
averages  58  inches,  and  most  of  the  soils  are 
deep,  medium  textured,  and  moderately  permeable. 
Topography  varies  from  flat  to  rolling,  with 
slopes  of  up  to  10  percent. 

When  the  study  began  in  1960,  trees  were 
mainly  scattered  pines  (Pinus   spp.)  and  oaks 
(Quevaus   spp.).   Slender  bluestem  (Schizachyvium 
tenerum   Nees),  and  pinehill  bluestem  (S .    scopaHum 
var.  divevgens   (Hack.))  Gould,  were  the  dominant 
herbaceous  plant  species.   Cattle  had  grazed  the 
clear-cut  study  area  for  many  years,  and  frequent 
fires  had  maintained  a  prairielike  landscape.   In 
1960,  two  range  units  averaging  approximately  600 
acres  each  were  stocked  with  Brahman-crossbred 
range  cattle  at  26  and  13  acres  per  cow  to  attain 
light  and  heavy  forage  utilization. 2^/  Forage  pro- 
duction averaged  about  2,000  lb/acre  for  the  first 
8  years,  but  began  to  decline  in  year  9  as  the 
pine  canopy  closed.   During  the  first  10  years  of 
the  study,  stocking  rates  were  constant  and  utili- 
zation averaged  35  percent  in  the  lightly  grazed 
unit  and  57  percent  in  the  heavily  grazed  unit 
(Pearson  and  Whitaker  1974).   By  tree  age  15, 
forage  production  averaged  about  500  pounds/acre. 


3_/  A  third  range  unit  stocked  to  provide 
moderate  utilization  was  included,  but  the  unit 
was  thinned  before  final  measurements  were  made. 
All  three  units  were  included  in  comparisons  made 
at  age  5  (Pearson  and  others  1971). 


Beginning  in  year  11,  and  continuing  through  year 
15,  cattle  numbers   were  decreased  about  10  per- 
cent each  year  to  maintain  the  desired  utiliza- 
tion intensities. 


Slash  Pine  Regeneration 

In  early  1960,  25  percent  of  each  range  unit 
was  burned  in  preparation  for  regeneration.   These 
burned  areas  were  regenerated  in  1961,  two-thirds 
by  planting  and  one-third  by  seeding.   This  burn- 
ing and  delayed  regeneration  were  repeated  through 
1964,  when  pine  regeneration  was  completed.   The 
fresh  burns  attracted  cattle,  keeping  them  away 
from  recently  planted  and  seeded  pines.   This 
reduced  damage  to  new  pine  seedlings  while  remov- 
ing the  herbaceous  rough  from  the  next  year's 
regeneration  areas. 

On  planted  areas,  1-year-old  nursery  stock 
seedlings  were  planted  6  feet  apart  in  8-foot  rows 
(908/acre).   For  seeding,  1  pound/acre  of 
repellent-coated  seed  was  sown  with  cyclone-type 
seeders. 

After  the  final  planting  and  seeding  in 
1964,  burning  was  discontinued  until  1966.   From 
1966  through  1969,  each  regenerated  area  was  care- 
fully burned  using  late-winter  backfires,  with 
planted  pines  being  burned  initially  at  age  5  and 
seeded  stands  at  age  6.   In  1970,  each  range  unit 
was  divided  into  three  unfenced  burning  compart- 
ments and  burned  during  late  winter  on  a  3-year 
rotation  throughout  the  remainder  of  the  study. 


Pine  Stand  Measurements 

Immediately  after  the  pines  were  seeded  and 
planted,  0.1-acre  plots  were  randomly  established 
and  fenced  to  determine  seedling  survival  and 
growth  without  grazing.   Three  of  the  exclosures 
were  located  in  the  planted  area  and  two  In  the 
seeded  area  of  each  range  unit.   Each  exclosure 
was  paired  with  a  0.1-acre  plot  open  to  grazing. 
Thus,  five  pairs  of  plots  were  established  on  each 
range  unit  in  each  of  4  years — a  total  of  20  pairs 
in  each  unit. 

Pine  survival  was  first  tallied  in  May 
following  planting  or  seeding,  then  in  October  of 
the  same  year,  and  again  at  the  end  of  the  second 
and  fifth  growing  seasons.   On  planted  plots,  a 
100-percent  inventory  was  made;  on  seeded  plots, 
pines  were  counted  on  18  mllacre  quadrats  on  each 
plot  until  the  fifth  growing  season,  when  trees 
per  acre  and  heights  were  measured  in  a 
100-percent  inventory  on  all  plots. 

Final  measurements  of  trees  per  acre, 
heights,  and  d.b.h.  were  made  prior  to  thinning, 
when  plot  tree  ages  ranged  from  16  to  22  years, 
with  an  average  of  18  years.   The  7-year  span  in 
prethinnlng  measurements  resulted  from  delays  in 
the  harvesting  schedule.   All  pre thinning- 
measurement  tree  ages  are  noted  as  18  years. 


Diameters  were  measured  on  all  trees  of  each 
and  actual  heights  were  determined  for  a  repr(in- 
tative  number  of  trees  within  each  diameter  clijs; 
heights  of  the  remainder  were  then  estimated  1;; 
regression.   From  trees  per  acre,  height,  and 
d.b.h.  measurements,  an  expression  of  total  slij 
volume^/  was  computed  for  final  comparisons  oilj 
grazing  effects. 


Differences  in  trees  per  acre,  mortality,  ,i 
heights,  d.b.h.,  and  volume  between  grazed  amu 
ungrazed  plots  of  the  lightly  and  heavily  grasii 
pastures  were  compared  using  a  paired-plot  "t' 
test  at  the  0.05  level  of  significance. 


RESULTS  AND  DISCUSSION 


Slash  pine  survival 

At  the  first  measurement,  4  months  afteinj 
planting,   significantly  fewer  planted  trees  II 
survived  on  heavily  grazed  plots  compared  to 
paired  ungrazed  exclosures.    Survival  average  Jl73 
percent  on  heavily  grazed  planted  plots  and  84)  i 
percent  on  ungrazed  plots  (Table  1).   However ,r 
survival  on  heavily  grazed  planted  plots  betwevjjj 
May  and  October  of  the  first  year  was  not  slg&tl- 
cantly  different  from  that  on  ungrazed  plots,  ,\<: 
were  the  differences  significant  for  the  IntetAs 
between  subsequent  measurements.   Survival  on: 
lightly  grazed  planted  plots  was  not  signlf ica.ilLy 
different  from  that  on  ungrazed  plots  at  any  t  iJj. 


Initial  densities  on  seeded  plots  averag 
over  900  trees/acre  on  both  grazed  and  ungraze 
plots  of  both  range  units.   At  no  time  during  di 
study  did  grazed  and  ungrazed  seeded  plots  dlf :: 
significantly  in  any  measurement.   Seeded  grazii 
plots  averaged  631  trees/acre  and  ungrazed  ploi: 
averaged  676  trees/acre  at  the  prethinnlng 
measurement.   In  6  of  the  15  seeded  plot-pairs 
the  grazed  plot  actually  exceeded  the  ungrazed  i 
trees  per  acre. 

Tree  heights 

Planted  pines  averaged  3.5  ft  taller  than 
seeded  pines  at  age  5  and  3.0  ft  taller  at  age 
(Fig.  1).  Thus,  height  growth  of  seeded  trees 
between  ages  5  and  18  was  essentially  equal  to 
that  of  planted  trees,  both  averaging  about  37 
feet  for  the  13  years.  Differences  between 
lightly  or  heavily  grazed  plots  and  ungrazed 
plots,  either  seeded  or  planted,  were  not  sign 
cant  at  age  5  or  at  age  18. 


—  Total  stem  volume  is  an  estimate  of  the  cub  < 
foot  volume  of  stems  from  6  inches  above  grouni 
the  tip,  outside  bark;  model  from  unpublished  ii 
data  of  R.  E.  Lohrey,  Southern  Forest  Experimewl 
Station,  Pineville,  LA.  71360 
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Table  1. — Survival  of  planted  slash  pine  under  light  and  heavy  grazing—' 


Paired  plots 


Tree  age 


Ungrazed   Lightly  graze 


Paired  plots 


Ungrazed   Heavily  graze 


-Trees/acre  (%  survival  in  parentheses)- 


At  planting  (1-year-old 
nursery  stock) 

4  months 

1  year 

2  years 

5  years 
18   years- 
Overall    survival 


908 

821  (90) 
741  (90) 
725  (98) 
697  (96) 
464  (67) 
(51) 


908 

811  (8,9) 

714  (88) 

653  (91) 

618  (95) 

459  (74) 
(51) 


908 

761  (84) 

711  (93) 

691  (97) 

683  (99) 

427  (63) 
(47) 


908 

660  (73) 
615  (93) 
565  (92) 
559  (99) 
325  (58) 
(36) 


2/ 


—  Percent  survival  (in  parentheses)  is  based  on  live  trees  at  the  previous  measure- 
2/  ment. 

—  Survival  on  heavily  grazed  plots  was  significantly  lower  (P  >0.05)  than  on  paired 

—  .  ungrazed  plots. 

—  Tree  ages  at  final  measurement  ranged  from  16  to  22  years  and  averaged  18  years. 
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Figure  1.— Heights  of  slash  pines  at  ages  5  and  18,  and  age-5  to  -18  height  growth. 
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Diameter  and  volume 

Heavily  grazed  planted  plots  had  signifi- 
cantly fewer  trees  per  acre  than  ungrazed  plots  at 
the  final  measurement,  but  the  trees  that  survived 
on  these  grazed  plots  were  significantly  larger  in 
diameter  than  trees  on  ungrazed  plots  (Table  2). 
As  commonly  occurs  following  precommercial 
thinning  (Bennett  and  Jones  1983),  the  larger 
diameters  apparently  compensated  for  the  loss  of 
trees.   Differences  in  volume  were  not  significant 
(Table  2). 


CONCLUSIONS 

Heavy  grazing  significantly  reduced  the  den- 
sity of  planted  seedlings  by  May  of  the  first  year 
following  regeneration.   However,  subsequent  mor- 
tality on  grazed  units  was  not  significantly  dif- 
ferent from  that  on  ungrazed  units. 

More  than  one-third  of  the  heavily  grazed 
seeded  plots  contained  higher  tree  densities  at 


age  18  than  their  matching  ungrazed  plots.   Soma 
of  this  variation  was  probably  due  to  hotter  fiiii 
in  the  heavier  herbaceous  fuel  accumulations 
within  the  exclosures.  1 

By  age  5,  average  tree  densities  on  heavily 
grazed  planted  plots  exceeded  500  trees/acre,  we  Ij 
above  the  minimum  stocking  for  slash  pine  standttj 
scheduled  for  sawtimber  rotations  (Bennett  1969},' 
The  lack  of  a  significant  difference  in  volume 
between  heavily  grazed  and  ungrazed  plots  at  age 
18,  accompanied  by  significantly  larger  diametei  j 
on  grazed  plots,  indicates  that  faster  growth  of 
the  surviving  trees  compensated  for  the  trees  ir  . 
tially  lost  to  heavy  grazing. 

Although  the  average  height  of  seeded  tree  ; 
was  about  3  feet  less  than  planted  trees,  actual 
height  growth  was  about  the  same.   Likewise,  tot  i 
volume  was  similar  for  seeded  and  planted  plots 
even  though  a  greater  number  of  stems  occurred  o  i 
seeded  plots. 


Table  2. — Measurements  on  paired  grazed  and  ungrazed  plots  in  planted  and 
seeded  slash  pine  at  age  18  }J 


Treatment 

Density 

Height 

D.b.h. 

Volume 

trees/acre 

feet 

inches 

ft^/acre 

Planted 

Ungrazed 

464 

47.0 

6.4 

2917 

Lightly  graze 

459 

45.7 

6.2 

2900 

Ungrazed 

427*-^ 

47.5 

6.7* 

2718 

Heavily  graze 

325* 

47.7 

7.5* 

2453 

Average 


419 


47.0 


Seeded 


Average 


654 


44.0 


6.7 


5.5 


2747 


Ungrazed 

567 

43.6 

5.7 

2189 

Lightly  graze 

580 

42.9 

5.5 

2492 

Ungrazed 

786 

45.3 

5.5 

3382 

Heavily  graze 

682 

44.1 

5.4 

2951 

2754 


i.'  Average  age  prior  fo  thinning;  ages  ranged  from  16  to  22  years. 
_'  Within-columns  differences  between  values  marked  with  asterisks  were 
significant  at  the  0.05  level. 
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ENVIRONMENTAL  EFFECTS  OF  SILVICULTURE  IN  PINE  FLATWOODS 


H.  RIEKERK  and  L.  V.  KORHNAK  -' 


1/ 


Abstract.  A  series  of  watersheds  and  plots  were 
established  to  evaluate  the  environmental  effects  of  a  range  of 
silvicultural  practices  in  the  Lower  Coastal  Plain  of  Florida. 
The  results  showed  significant,  but  short  term,  changes  in 
stormflow,  water  yield,  and  water  quality  even  after  highly 
intensive  harvesting  and  site  preparation.  Soil  moisture  in 
high-density  fuelwood  plantations  was  reduced  some  because  of 
rainfall  interception.  Suspended  sediments,  pH,  and  cation 
levels  increased  in  association  with  stormflow.  Nutrient  losses 
were  proportional  to  harvesting  intensity  suggesting  longterm 
site  degradation.  Soil  amendment  with  coal-ash,  for  fuelwood 
production  neutralized  the  normally  acid  soil  and  runoff. 


1^ 

T 


INTRODUCTION 


Management  of  the  southeastern  pine  forest 
is  rapidly  developing  toward  the  intensity  of 
agricultural  land  use.  Harvesting  of  relatively 
young  plantations  for  pulpwood  and  for  fuelwood 
chips  has  increased  the  nutrient  drain  from 
forest  lands  (Neary  el  al.,  1984).  Site  prepara- 
tion is  intensive  and  includes  the  removal  or 
burning  of  slash,  disking  or  bedding  of  surface 
soil,  fertilizer  and  herbicide  use,  and  rela- 
tively close  spacing  of  genetically  improved 
seedlings.  Utilization  of  waste  materials  to 
supplement  fertilizers  for  soil  amendment  is 
becoming  an  attractive  alternative  to  waste 
disposal  (Sopper  et  al.,  1982).  All  of  these 
operations  have  significant  environmental 
effects  on  the  water  regime,  water  quality,  and 
nutrient  balance  of  a  forested  tract. 

Little  quantitative  information  about  the 
environmental  effects  of  these  intensive  silvi- 
cultural practices  is  available  for  the  poorly- 
drained  landscape  of  the  Lower  Coastal  Plain. 
Concern  about  the  lack  of  such  data  resulted  in 


—'Paper  presented  at  Southern  Silvicultural 
Research  Conference,  Atlanta,  Georgia,  November 
7-8,  1984. 

—  Associate  Professor  and  Forester  III, 
respectively,  School  of  Forest  Resources  and 
Conservation,  University  of  Florida,  Gainesville, 
FL. 


a  cooperative  and  discipline-integrated  study  at 
the  University  of  Florida  that  began  in  1976 
(Swindel  et  al.,  1983).  This  study  in  combina- 
tion with  other  research  focused  on  the  environ- 
mental effects  of  silvicultural  practices  was 
described  in  the  first  Biennial  Southern  Silvi- 
cultural Research  Conference  (Riekerk  et  al., 
1984).  The  present  paper  updates  the  research 
information  from  these  combined  studies  through 
1983, 

PROCEDURES 


The  focus  of  the  research  effort  was  a  set 
of  five  watersheds  constructed  in  the  pine 
flatwoods  of  north-central  Florida  (Riekerk  et 
al.,  1982).  The  watersheds  were  isolated  by 
roads  and  ditches  and  were  instrumented  with 
recording  flumes,  water  table  recorders,  and  a 
weather  station  and  raingauge  network.  Rain  was 
sampled  by  a  wet/dry  fall  collector  and  analyzed 
by  the  National  Atmospheric  Deposition  Program 
(NADP),  Runoff  was  automatically  sampled  every 
four  hours  for  weekly  collection,  and  analyzed  by 
standard  laboratory  procedures  at  the  University 
of  Florida  (Riekerk  et  al.,  1979).  Soil  and 
vegetation  mapping,  sampling,  and  analysis  were 
performed  by  other  researchers  of  the  interdiscip- 
linary team  (Swindel  et  al.,  1982;  Morris  and 
Pritchett,  1982). 

The  watersheds  were  harvested,  site  pre- 
pared, and  planted  after  one  year  of  pre-treat- 
ment  calibration  according  to  the  following 
research  design.  One  watershed,  containing  a  66 
ha  cypress  (Taxodium  distichum)  pond  (WS  3,  140 
ha),  remained  as  an  undisturbed  control.  One 
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Table  1.  Bradford  Forest  Watershed  precipitation  and  runoff 


Precip. 

Control 

Pul^ood 

Whole- 

■tree 

Mi n. Prep.  Max. Prep. 

Med. Prep. 

Max. Prep. 

1978 

154.2 

58.3 

61.7 

V,CM/Jfl 

65.2 

1979     , 
Predicted 
%   Change 

126.2 

5.4 

10.7 
4.3 
149 

20.6 
5.0 
312 

1980    , 
Predicted^ 
%  Change 

126.1 

19.3 

16.7 
19.1 
-13 

17.5 
20.6 
-15 

1981     , 
Predicted 
%   Change 

86.6 

0.1 

0.9 
0 

3.1 
0 

1.4 

0.6 

1982    , 
Predicted 
1   Change 

183.6 

19.2 

13.4 
18.3 
-27 

8.7 
20.2 
-57 

18.7 

14.3 

1983    , 
Predicted 
%  Change 

163.6 

45.3 

34.7 
47.1 
-26 

55.4 
50.1 
11 

35.7 

25.0 

Predicted  from  pre-treatment  calibration  regressions  with  the  control. 


tudy  described  above.  The  groundwater  seepage 
tes  of  Table  2  were  calculated  for  watersheds 
i;  4  and  WS  5  since,  lacking  pond  storage,  they 
I'st  approximated  the  conditions  of  the  lysimeter. 
■'e  average  recharge  rate  thus  calculated  was 
tout  18%  of  incoming  precipitation.  The  higher 
vlues  found  for  1982  may  reflect  soil  moisture 
rcharge  after  the  drought  period.  The  average 
rcharge  rate  was  much  more  than  the  3%  cal- 
clated  earlier  for  the  large  watersheds  (WS  1, 
l»  2  and  WS  3)  based  on  analyses  of  hydraulic 
gadients  across  the  underlying  clay  layer 
(iekerk  et  al.,  1979). 


Table  2.  Water  balances  for  WS  4  and  WS  5. 


Rain   Run  Evap   Ground  GW 
fall   off  trans  water 


cm/yr 

% 

15,1 

WS 

4 

90 

1.4 

77 

11.6 

13 

WS 

5 

90 

0.6 

77 

12.4 

14 

V-.l 

WS 

4 

184 

18.7 

111 

54.3 

30 

WS 

5 

184 

14.3 

111 

58.7 

32 

1£|3 

WS 

4 

162 

35.7 

118 

8.3 

5 

WS 

5 

162 

25.0 

118 

19.0 

12 

High-density   fuelwood   plantations   reach 
crown  closure  sooner  than  standard  pulpwood  plan- 
tations of  the  same  age,  and  may  intercept  more 
rainfall.  However,  the  data  from  the  plot  studies 
of  several  tree  species  throughout  Florida  did  not 
clearly  show  different  moisture  regimes  due  to  the 
plantting  density  at  early  stages  of  growth  (Table 
3).  Soil  moisture  under  the  "^^r-^j   high  density  plan- 
tations* was  less  in  the  subsoil  of  all  plots  but 
only  significantly  so  for  slash  pine  in  north- 
central  Florida  and  Eucalyptus  grandis  in  south- 
west Florida.   The  pre-dawn  moisture  potential 
measured  in  foliage  of  the  '^^r)!   high  density  plan- 
tation of  slash  pine  during  the  summer  of  1981 
also  showed  significantly  more  stress  at  -0.21  mPa 
as  compared  to  -0.15  mPa  in  foliage  of  the  ad- 
jacent Eucalyptus  viminalis.  The  moisture  stress 
of  both  species  was  significantly  less  in  the 
lower  density  plantations  at  -0.15  mPa  for  slash 
pine  and  -0.10  mPa  for  Eucalyptus  viminalis 
(Hendrickson,  1983).  Rainfall  interception  by  the 
two  high-density  slash  pine  canopies  did  not 
differ  and  averaged  38%  of  rainfall  during  the 
summer  of  1983  while  that  of  a  nearby  17-year  old 
pulpwood  plantation  was  about  15%  (unpublished 
data).  Interception  by  the  dense  foliage  of  the 
nearby  Casuarina  plantation  on  ash-treated  soil 
was  34%  of  rainfall. 


i;')*} 


watershed  with  a  shallow  27  ha  cypress  pond  (WS 
1,  67  ha)  was  harvested  for  pulpwood  and  site 
prepared  with  little  disturbance,  and  one  water-  co 
shed  with  two  small  6  ha  cypress  ponds  (WS  2,  49 
ha)  was  harvested  for  pulpwood  and  site  prepared 
with  high  disturbance.   Two  years  later  a  new, 
smaller  watershed  (WS  4,  3.8  ha)  was  harvested  ^ 
for  whole-tree  utilization  and  site  prepared  h- 
with  little  disturbance,  and  another  watershed  2^ 
(WS  5,  4.2  ha)  was  harvested  for  total-tree 
utilization  (including  stumps)  and  site  prepared 
with  high  disturbance  (Riekerk  and  Gain,  1982). 
All  units  were  planted  to  slash,  pine  (Pinus  22 
elliottii )  except  for  WS  5,  which  was  planted  to 
Eucalyptus  viminalis.  The  treatment  effects  on 
runoff  have  been  evaluated  comparing  annual  ^ 
regressions  of  runoff  data  from  paired  water-  _ 
sheds  (Swindel  and  Douglass,  1984).   Unfortu- 
nately, similar  regressions  for  the  water  quality 
data  showed  very  poor  correlations  and  annual    ^ 
t-tests  of  paired  data  sets  were  used  instead.   (j^ 

Additional  studies  were  focused  on  10x10  m 
plots  to  evaluate  the  environmental  effects  of  m 
high-density  fuelwood  plantations  and  of  waste  ® 
recycling.  Sand  pine  (Pinus  clausa),  in  north-  — 
west,  slash  pine  and  Eucalyptus  viminalis  in 
north-central,  and  Eucalyptus  grandis  in  south- 
west  Florida  were  planted  Tfi  FiTgh  density 
(1.0x1.5  m)  and  \jery  high  density  (1.0x0.5  m) 
plots  to  evaluate  water  regimes  (Hendrickson, 
1983).  A  small  watershed  (WS  7,  0.28  ha)  in 
north-central  Florida  was  treated  with  127  Mg/ha 
of  unweathered  coal-ash  and  planted  to  Australian 
pine  (Casuarina  cunninghamiana)  and  Eucalyptus 
viminalis  at  (1.0x2.0  m)  spacing.  Comparisons 
were  made  with  the  untreated  control  (WS  8,  0.06 
ha)  with  respect  to  growth  response  and  runoff 
water  quality  (Riekerk  and  Korhnak,  1984).  A 
3.0  m  diameter  and  1.2  m  deep  weighing  lysimeter 
was  constructed  in  a  young  slash  pine  plantation 
next  to  a  weather  station  in  north-central 
Florida  to  measure  the  ratio  of  actual  evapo- 
transpiration  to  potential  evapotranspiration 
during  stand  development  (Riekerk,  1984). 


WS  I 


WS  2 


RESULTS  and  DISCUSSION 


Water  regimes 


The  effects  of  silvicultural  practices  on 
the  water  regimes  of  the  three  large  watersheds 
(WS  1,  WS  2,  WS  3)  depended  on  the  severity  of 
the  silvicultural  treatments.  Pulpwood  harvest 
of  the  forest  stand  resulted  immediately  in  a 
significant  rise  of  the  water  table,  even  without 
much  rainfall  during  the  fall  season  (Figure  1). 
The  treatment  effect  was  due  to  the  removal  of 
transpiring  and  intercepting  tree  canopies  and 
was  more  pronounced  when  water  tables  were  low. 

Increased  soil  moisture  and  rising  water 
tables  caused  excess  water  to  run  off  in  pro- 
portion to  harvesting  intensity  (Table  1).  The 
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Figure  1.  Groundwater  table  fluctuations. 


low  disturbance  pulpwood  treatment  (WS  1)  had  59 
of  the  forest  cover  removed  (excluding  the  cypre 
pond),  which  increased  runoff  0.11  cm  for  eac. 
percent  of  forest  cover  removed.  The  higl 
disturbance  pulpwood  treatment  (WS  2)  had  74%  O' 
the  forest  removed  and  showed  a  runoff  increast 
of  0.21  cm  for  each  percent  of  forest  covei 
removed.  These  increases  were  similar  to  thosd 
reported  for  south-facing  upland  hardwood  forest; 
in  the  eastern  United  States,  but  did  not  last  a; 
long  (Douglass,  1983).  The  ground  vegetatior 
recovered  very  rapidly,  ^especially  when  distur- 
bance was  minimal,  and  quickly  established  norinal 
evapotranspiration.  Analyses  of  stormflow  ano 
peakflow  data  after  these  treatments  suggesteQ 
that  windrowing  on  the  highly  disturbed  watershed 
facilitated  more  rapid  surface  runoff  (Neary  et 
al.,  1982).  The  treatment  effects  on  water 
yield  and  stormflow  from  the  smaller  watersheds 
(WS  4  and  WS  5)  were  not  evaluated  because  the 
drought  produced  poor  pre-treatment  calibration 
data  and  caused  the  plantations  to  fail. 
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The  groundwater  recharge  rate  in  these  pine 
flatwoods,  underlain  by  a  discontinuous  clay 
layer,  was  estimated  by  difference  from  the  water 
balance  equation: 

Rainfall  =  Runoff  +  Evapotranspiration  +  Seepage. 
Rainfall  and  runoff  were  measured,  and  actual 
evapotranspiration   (ET)   was   estimated  from  | 
potential  evapotranspiration  (PET)  with  monthly  ' 
"ET/PET  crop  coefficients"  (Gray,  1970).  These 
monthly  coefficients  were  derived  from  the  evapo-  I 
transpiration  data  of  the  weighing  lysimeter     i 
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Table  3.  Average  volumetric  soil  moisture  content  in  high-density  tree 
plantations  in  Florida  (Hendrickson,  1983). 


Soil 

Spac 

ing 

Spac 

ing 

depth 

1x1.5  m 

1x0.5  m 

1x1.5  m 

1x0.5  m 

m 

—  ~c.__nOKT 

£in+- 

—  "-  —  -  —— (jtir  i,di  I, 

Northwest  Florida 

Pinus  clause 

2/27/80 

-  3/20/81 

3/20/81 

-  10/22/82 

0.3 

4.2 

4.3 

4.4 

4.3 

1.0 

4.4 

4.4 

4.5 

4.4 

North  central  Florida 

Pinus  elliottii 

k 

5/12/81 

-  9/3/81 

0.2 

— 



11.4 

10.2 

0.4 

— 

— 

21.3 

18.2  1 
25.0  ^ 

0.6 

— 

— 

28.0 

Eucalyptus  viminalis 

5/12/81 

-  9/3/81 

0.2 

— 

— 

10.9 

— 

0.4 

— 

— 

17.3 

16.5 

0.6 

— 

— 

26.7 

25.4 

Southwest  Florida 

Eucalyptus  grandis 

4/24/80 

-  3/3/81 

3/3/81  - 

3/25/82 

0.3 

10.8 

9.9  2 
16.5  ^ 

6.1 

7.0  J 
7.2  ^ 

0.6 

17.8 

9.4 

0.9 

26.7 

25.9 

18.8 

14.2 

1  2 

Significant  at  5%  level;   significant  at  1%  level. 


I   In  summary,  the  effects  of  the  various 
ilvicultural  treatments  on  the  water  regimes 
'ire  predictable  in  that  increases  of  first-year 
jinoff,  here  induced  by  higher  water  tables,  were 
1  portion  to  the  degree  of  forest  removal.  The 
lort  duration  of  these  effects  reflected  the 
ipid  recovery  of  ground  vegetation.  Stormflow 
<d  peakflow  increases  were  associated  with  more 
(erland  flow  across  smoother  soil  surfaces  after 
vndrowing.  Soil  moisture  at  deeper  depths  and 
Ijliar  moisture  potentials  reflected  drier  soils 
{;e  to  more  rainfall  interception  by  the  canopies 
c  high-density  plantations. 


h'ter  quality 


i  The  drought  that  occurred  during  the  study 
ph'od  also  affected  the  reference  water  quality 
rjime  of  the  watersheds.  The  data  from  the  un- 
diturbed  control  watershed  (WS  3)  in  Figure  2 
s )w  large  variations  in  suspended  sediments, 
n;rate  nitrogen,  and  calcium  in  association  with 
ti;  drought  cycle  beginning  in  1979  and  ending 
ii'  1982.  The  extreme  case  was  the  '4qt^  high 
nrate  nitrogen  recorded  for  a  few  of  the  sam- 
p',s  during  1981.  This  effect  was  probably  due 
t(  rapid  aerobic  decomposition  of  bottom  muck 
e)osed  in  the  large  cypress  pond  during  the 
drught  period  (Tate  and  Terry,  1981). 

The  high  disturbance  pulpwood  treatment 
cased  a  significant  pH  increase  in  runoff  during 
thi  treatment  year  of  1979.   Such  pH  increases 
afbr  harvesting  and  site  preparation  in  poorly 


drained  sites  have  been  noted  by  others  (e.  g. 
Fisher,  1981).   The  mechanisms  may  have  been  a 
simple  dilution  of  a  fixed  hydrogen-ion  pool  in 
the  watershed  by  the  excess  water,  and/or 
hydrogen-ion  exchange  with  cations.   A  similar 
effect  in  the  high  disturbance  total -tree  treat- 
ment watershed  (WS  5)  was  not  apparent  during  the 
drought  year  of  1981,  but  showed  up  after  rewet- 
ting  of  the  site  during  the  following  year. 
Suspended  sediment  production  during  the  pre- 
treatment  calibration  year  was  high  mostly  because 
of  boundary  road  grading.  This  effect  was 
alleviated  by  sloping  the  road  surfaces  outward 
and  leaving  the  interior  boundary  ditches  undis- 
turbed. The  treatment  effects  on  suspended  sedi- 
ment levels  appeared  to  be  proportional  to  site 
disturbance  with  the  high  disturbance  pulpwood 
treatment  becoming  significantly  different  from 
the  control.  The  relatively  high  sediment  levels 
during  the  drought  ■:jq?lv  were  due  to  some  very 
turbid  samples  that  probably  were  stirred  up  by 
wildlife  in  standing  water  of  the  sediment  traps. 

High  variability  of  the  generally  low  levels 
of  nitrate  nitrogen  precluded  any  statistical 
significance  due  to  treatments  in  these  poorly- 
drained  flatwoods.  However,  soil  solution  data 
collected  simultaneously  showed  significant  in- 
creases due  to  more  mineralization  after  treat- 
ment, suggesting  rapid  uptake  and/or  denitrifica- 
tion  (Morris  and  Prichett,  1982).  Ammonium 
nitrogen  showed  similar  patterns  in  soil  solutions 
and  runoff  from  these  watersheds  (unpublished 
data).  Low  level,  but  significant,  increases  of 
nitrate  nitrogen  in  runoff  from  a  wet  savanna  site 
after  standard  silvicultural  treatment  in  Florida 
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Figure  2.  Runoff  water  quality. 


in  Florida  was  reported  by  Fisher  (1981).  Total 
nitrogen  in  runoff  as  determined  by  the  Kjeldahl 
method  showed  little  variation.  Significantly 
higher  levels  were  found  in  runoff  from  the  low 
disturbance  pulpwood  watershed  during  the  pre- 
treatment  calibration  year  and  the  year  after 
treatment.  It  is  not  clear  why  the  total 
nitrogen  concentration  from  this  watershed  was 
initially  different  and  its  response  to  treat- 
ment was  delayed. 

Total  phosphorus  and  ortho-phosphate  (unpub- 
lished data)  concentrations  in  runoff  were  not 
affected  by  the  treatments  or  drought  conditions. 
Soil  solution  monitoring  also  showed  no  treatment 
effects  on  ortho-phosphate  concentrations  (Morris 
and  Pritchett,  1982).  These  observations  suggest 
that  ortho-phosphate  release  into  runoff  was 
regulated  by  soil  moisture  content. 

A  significant  effect  was  found  for  potassium 
concentrations  in  runoff  in  proportion  to  applied 


treatment  intensity.  Furthermore,  the  high  levei»d| 
of  potassium  in  runoff  from  the  smaller  watershec*^ 
after  whole-tree  (WS  4)  and  total-tree  (WS  5)  har* 
vests  suggested  a  large  contribution  due  to  more* 
intensive  harvesting  in  addition  to  the  effect  oio 
soil  disturbance  by  site  preparation.  The  effect 
of  the  treatments  on  calcium  levels  in  runoff  was 
different  from  those  of  potassium  in  that  only  thji 
high  disturbance  site  preparation  treatment,  whicij 
included  windrowing,  showed  a  significant  increasiil 
The  high  calcium  levels  in  runoff  from  the  two 
smaller  whole-tree  and  total -tree  watersheds  durinj 
the  1980  calibration  year  were  probably  a  carry-  • 
over  from  the  boundary  ditches  of  installation. 

From  these  observations  of  soil  solution  andn 
runoff  water  quality  responses  it  may  be  concluded 
that  the  treatment  effects  for  nitrogen  species 
were  mostly  associated  with  biological  soil  decotnfl 
position  and  uptake  processes,  and  those  for  phoso 
phorus  were  associated  with  soil  moisture  contentn 
In  contrast,  the  suspended  sediment,  pH,  potassiuii 
and  calcium  data  suggested  more  of  a  washout  ofi' 
surface  materials  by  the  overland  portion  of  theb 
significantly  increased  stormflow  runoff.  In  ad-d 
dition,  potassium  and  calcium  cations  in  runoff  mrj 
have  been  exchanged  from  the  soil  complex  by  hy-  -1 
drogen  ions.  All  effects  were  of  relatively  shoro 
duration.  | 

Nutrient  balances 


Estimates  of  annual  watershed  nutrient  input* 
and  export  can  be  calculated  from  the  rainfall,! 
runoff,  and  water  quality  data  (Figure  3).  The  ap-i 
parent  association  with  the  drought  cycle  showedn 
that  the  magnitude  of  these  fluxes  was  mainly  de-» 
pendent  on  the  annual  water  flows.  It  was  impos-« 
sible  to  assign  statistical  significance  but  it  i 
appears  that  the  only  real  treatment  effects  were  • 
for  potassium  and  calcium  export  during  the  first i 
year.  Whether  the  relatively  high  nitrogen  export* 
after  the  high  disturbance  pulpwood  treatment  was* 
significant  is  not  clear  without  good  pre-treat- < 
ment  calibration.  Similarly,  the  treatment  ef- H 
fects  of  the  whole-  tree  and  total -tree  harvested?! 
water-sheds  cannot  be  demonstrated  conclusively.  \ 

Comparison  of  the  annual  export  by  runoff  withi 
input  by  rainfall  (wet  only)  showed  a  conservation 
of  nitrogen  and  phosphorus  also  documented  for 
many  other  watershed  nutrient  budgets  (Likens  and 
Bormann,  1975).  However,  in  contrast  to  data  from 
most  upland  watershed  studies,  the  input  and  out- 
put of  potassium  and  calcium  from  the  flatwoods 
watersheds  were  nearly  bal-anced.  This  confirmed  « 
earlier  observations  of  low  nutrient  input  by  min-i 
eral  wea.thering  in  these  acid-leached  sandy  sur- 
face soils  (Pritchett,  1980). 

Therefore,  any  additional  export  from  the  wate 
sheds  in  the  form  of  whole-tree  biomass  chips  coulu 
create  a  negative  nutrient  balance,  resulting  in  * 
some  longterm  loss  of  site  productivity  (Riekerk,  i 
1984;  Neary  et  al.,  1984). 
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Figure  3.  Rainfall  input  and  runoff  export  of 
nutrients. 


Waste  utilization 


Longterm  reduction  of  site  productivity  from 
excessive  nutrient  drain  could  be  reduced  or  even 
reversed  by  soil  amelioration  with  commercial  fer- 
tilizers or  waste  products  (Smith  and  Evans, 
1979).  Watershed  studies  of  the  environmental 
effects  of  forest  fertilization  have  been  initi- 
ated in  a  new  slash  pine  plantation  on  flatwoods 
soil  in  north-central  Florida,  but  no  data  are 
yet  available.  Plot  studies  of  the  environmental 
effects  of  municipal  garbage,  sewage,  and  indust- 
rial puipmill  sludge  utilization  in  pine  flatwoods 
of  Florida  have  shown  increased  nutrient  and 


heavy  metal  levels  in  the  surface  soil  and  its 
solutions,  but  little  deep  loss  from  the  study 
sites  (Fiskell  and  Pritchett,  1979;  Comerford  and 
Fiskell,  1983;  Neary  and  Comerford,  1984).  No 
watershed  studies  have  been  conducted  to  evaluate 
the  overall  environmental  effects  of  sewage  uti- 
lization in  pine  flatwoods.  Utilization  of  coal- 
ash  as  a  soil  amendment  for  woody  biomass  produc- 
tion on  acid  flatwoods  soil  was  evaluated  on  a 
pair  of  very  small  water-sheds  (Riekerk  and 
Korhnak,  1984).  The  Australian  pine  plantation 
responded  well  with  a  seven-fold  yield  increase 
to  the  coal -ash  treatment  after  three  years, 
while  the  Eucalyptus  viminalis  showed  no  improve- 
ment. However,  a  severe  freeze  terminated  the  ex- 
periment prematurely.  Runoff  water  monitoring 
showed  a  significant  increase  of  base  cation 
levels,  causing  the  pH  to  rise  by  about  two  units 
during  the  three  years  of  observation  (Table  4). 
Ammonium-nitrogen  levels  in  runoff  were  decreased 
during  the  first  year,  suggesting  rapid  uptake  by 
the  vigorously  growing  trees.  The  ortho-phosphate 
levels  in  runoff  increased  after  the  ash  treatment, 
which  may  be  of  concern  for  downstream  eutrophi- 
cation.  None  of  the  heavy  metal  levels  increased 
significantly,  but  zinc  showed  somewhat  higher 
levels  in  runoff  from  the  treated  watershed. 

CONCLUSIONS 


The  information  from  the  range  of  experi- 
mental treatments  showed  short  term  changes  in  run- 
off flow  and  water  quality  by  low  and  high  dis- 
turbance pulpwood  silviculture,  but  suggested  long- 
term  site  changes  for  high  disturbance  whole-tree 
harvesting  and  for  waste  utilization. 

Canopy  removal  raised  water  tables  and  in- 
creased first-year  runoff  at  rates  similar  to 
those  for  more  northern  upland  forests  on  south 
facing  slopes,  which  reflected  the  high  solar  in- 
put in  Florida.  Increased  stand  density  only 
slightly  reduced  subsoil  moisture  and  increased 
foliar  moisture  stress  during  the  early  growth 
stages  of  some  species  in  north-central  Florida. 
This  may  have  resulted  from  significantly  greater 
rainfall  interception  by  the  dense  canopies. 

It  appeared  that  suspended  sediments,  pH,  and 
cation  nutrients  in  runoff  were  increased  propor- 
tional to  site  disturbance.  Increased  surface 
stormflow  from  the  windrowed  pine  lands  accounted 
for  most  of  this.  Increased  biomass  removal  by 
whole-tree  chipping  could  create  significant 
nutrient  depletion  requiring  periodic  soil  amend- 
ments to  maintain  site  productivity.  Soil  amend- 
ment with  coal -ash  neutralized  the  acid  flatwoods 
soil  and  runoff,  and  released  more  phosphorus. 
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Table  4.  Average  annual  runoff  water  quality  from  coal-ash  treated 
flatwoods  soil  (Riekerk  and  Korhnak,  1984). 


Time  and 

treatment 

1981 

1982 

1983 

Ash   Control 

Ash  Control 

Ash 

Control 

Acidity 

pH: 

6.1 

4.3  J 
0.20^ 

6.4^ 

4.3 

5.2^ 

3.8 

Ammonium-N 

ppm: 

0.12 

0.09 

0.20 

0.07 

0.05 

Nitrate-N 

ppm: 

0.10 

0.06 

0.05 

0.03 

0.02 

0.02 

Kjeldahl-N 

ppm: 

0.72  p 
0.014^ 
0.024^ 

0.69 

0.72 

0.71 

1.00  5 

0.014^ 

0.95 

Phosphate-P 

ppm: 

0.010 

0.020 

0.017 

0.006 

Total -P 

ppm: 

0.014 

0.020 

0.025 

0.050 

0.024 

Potassium 

ppm: 

3.0 

26. r 

1.0 

3.2^ 

27.4, 

4.2"^ 

0.7 

2.2^ 

18.1, 

3.9"^ 

1.0 

Calcium 

ppm: 

1.8 

1.1 

2.0 

Magnesium 

ppm: 

2.4 

1.4 

1.7 

1.9 

Iron 

ppm: 

0.22 

0.16 

0.15 

0.14 

0.24 

0.14 

Aluminum 

ppm: 

0.17 

0.50 

0.01 

0.06 

0.13 

0.12 

Copper 

ppm: 

0.005 

0.003 

0.003 

0.002 

0.004 

0.005 

Zinc 

ppm: 

0.035 

0.014 

0.130 



0.292 

0.077 

Susp.  Sed 

ppm: 





29.2 

30.2 

11.1 

9.7 

1  2 

Significant  at  5%  level;   Significant  at  1%   level. 
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WATER  QUALITY  CHANGES  ASSOCIATED  WITH  FOREST  DRAINAGE 

M 


AND  PINE  PLANTATION  ESTABLISHMENT- 
by 


2/ 


Thomas  M.  Williams  and  George  R.  Askew— 


Abstract. — Concentrations  of  several  dissolved  constituents 
were  measured  in  stormflow  water  draining  from  a  2,300  ha  inter- 
stream  divide  in  coastal  South  Carolina.   This  area  contained 
several  subwatersheds  which  represented  phases  of  drainage  and 
pine  plantation  establishment  from  an  untreated  hardwood  area  to 
a  15  year-old  pine  plantation.   Samples  were  collected  from  the 
rising  and  falling  stages  of  one  stormflow  event  of  each  month 
between  January  1981  and  December  1982.   One  liter  grab  samples 
were  taken  for  pH,  O2,  NO3-N,  SO4,  Ca,  llg,  K  and  suspended 
sediment.   Intalllation  of  new  drainage  produced  significant  in- 
creases in  suspended  sediment,  NO3-N,  SO^,  Ca,  and  Mg  concen- 
trations.  A  young  pine  plantation,  however,  produced  waters 
with  concentration  of  hydrogen  ion,  NO3-N,  SO4  and  Mg  signifi- 
cantly less  than  the  untreated  hardwood  stand. 


INTRODUCTION 

Much  of  the  commercial  forest  land  of  the 
Atlantic  coastal  plain  is  on  soils  with  high  water 
tables.   One  major  class  of  high  water  table  soils 
is  located  near  the  center  of  broad  interstream 
divides.   Buol  (1978)  showed  that  soils  near  the 
center  of  such  divides  have  very  poor  drainage. 
Surface  drainage  systems  have  not  developed  in 
these  young  marine  sediments  and  groundwater  flow 
is  insufficient  to  remove  rainfall.   Campbell  and 
Hughes  (1981)  outlined  drainage  methods  which 
have  increased  pine  growth  rates  on  these  sites. 

Water  quality  impact  of  forest  drainage  and 
intensive  management  has  been  addressed  by  only 
Hollis  et  al.  (1978)  in  western  Florida.   Often 
forest  drainage  has  been  lumped  into  a  broad 
category  with  agricultural  drainage  which  has  re- 
sulted in  concerns  that  may  be  inappropriate  to 
forestry.   For  example,  pesticide  and  fertilizer 
runoff  are  viable  concerns  of  agriculture  but  are 
of  minor  importance  in  forestry.   This  study  was 
intended  to  determine  which  aspects  of  the  drain- 
age and  site  preparation  sequence  had  direct  im- 
pacts on  water  quality. 


—  Paper  presented  at  Southern  Silvicultural 

Research  Conference,  Atlanta,  Georgia,  November 

7-8,  1984. 
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Associate  and  Assistant  Professors  of 

Forestry  respectively.  Belle  W.  Baruch  Forest 

Science  Institute  of  Clemson  University,  P.  0. 

Box  596,  Georgetown,  SC  29442. 


Study  Area 

The  cooperative  study  was  conducted  in  a 
2,300  ha  watershed  located  in  southeastern 
Georgetown  County,  South  Carolina.   The  area  is  I 
being  converted  by  the  owner  from  a  Bald-cypress- 
Tupelo  forest  type  (Eyre  1980)  to  a  drained  lob- 
lolly pine  plantation.   Soils  are  primarily  of  I 
the  Cape  Fear  series.   Cape  Fear  soils  are  a 
member  of  the  clayey,  mixed  thermic  family  of 
Typic  Umbraquults.   They  have  black  loam  A 

horizons  up  to  41  cm  thick  and  dark  gray  to  gray 
clay  to  clay  loam,  B  horizons  from  9U  cm  to  ovei 
150  cm  thick.   They  are  very  poorly  drained,  haw 
ponded  or  slow  runoff  and  slow  permeability. 
Water  table  was  at  or  near  the  surface  during  we 
seasons.   Prior  to  drainage,  water  moved  norther- 
ly through  the  area  in  a  diffuse  manner  to  a  sma-. 
natural  stream  near  the  northern  edge. 

The  general  conversion  sequence  was:  (1)  in 
stall  drainage  ditches  and  build  access  roads 
using  ditch  spoil;  (2)  log  the  stand  after  one 
year  of  drainage;  (3)  push  down  culls  and  other 
non-merchantable  timber;  (4)  crush  residual 
material  with  large-bladed  drums;  (5)  leave  fall  1 
for  a  year  and  then  plow  beds  about  1  m  wide  and 
50-80  cm  high  on  a  spacing  of  about  3  m,  in- 
corporating triple  superphosphate  into  the  beds; 
(6)  plant  loblolly  pine  seedlings.   Burning  was 
used  either  prior  to  or  after  chopping  when 
necessary. 

Sections  of  the  study  area  have  received  th  s 
treatment  during  the  past  20  years.   A  main  draii 
age  ditch  was  installed  from  the  natural  outlet  it 
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the  north  end  of  the  bay  to  the  sandy  ridge  form- 
ing the  southern  border  of  the  area.   This  main 
ditch  is  roughly  a  rectangular  channel  2.5--4m 
wide  and  2-2. 5m  deep.   Secondary  ditches  (trian- 
gular channels  2-2. 5m  wide  and  1.3-2m  deep)  were 
then  installed  to  drain  areas  scheduled  for  con- 
version.  Installation  of  these  secondary  ditches 
and  roads  has  divided  the  area  into  several  sub- 
watersheds.   Since  the  conversion  process  began 
in  the  north  end  of  the  study  area  these  subwater- 
sheds  ranged  from  undisturbed  cypress-hardwood 
swamp  to  15  year-old  loblolly  pine  plantations. 


METHODS 

Twenty  sample  points  were  established  in  the 
study  area  in  July  1980  (Figure  1).   These  sample 
points  included  subwatershed  outlets  and  points 
in  the  main  channel  downstream  from  each  subwater- 
shed outlet.   Subwatershed  samples  were  collected 
from  several  areas,  each  of  which  were  undergoing 
a  different  phase  of  establishment  process;  un- 
disturbed cypress-tupelo  forest  (#3) ,  active 
logging  (#5);  site  preparation  areas  (#6),  1-3 
year-old  pine  plantation  (#8),  3-15  year-old 
plantations  (#18),  and  several  subwatersheds  with 
combinations  of  treatments  (#9,  12,  14,  and  16). 
Eleven  sample  points  in  the  main  ditch  (//I,  2,  4, 
7,  10,  11,  13,  15,  17,  19  and  20)  were  installed 
to  determine  the  influence  of  the  addition  of 
drainage  from  each  subwatershed.   In  August  1980 
a  new  ditch  was  installed  intersecting  the  main 
drainage  ditch  between  sample  point  #2  and  #4. 
This  created  a  new  subwatershed  which  was  labelled 
#2A.   Each  of  the  sample  points  were  sampled  once 
during  the  rising  phase  and  twice  during  the 
falling  phase  of  the  first  storm  flow  event  of 
each  m.onth.   Storm  flow  events  were  defined  as 
that  runoff  which  occurred  after  at  least  3  cm 
of  rain.   Sampling  began  in  January  1981  and  con- 
tinued through  November  1982.   Thirteen  events 
during  this  period  met  the  criteria.   Temperature 
and  dissolved  oxygen  content  (DO)  of  the  drainage 
water  were  measured  on  site  with  a  YSI  Model  51B 
Dissolved  Oxygen  meter.   One  liter  of  water  was 
collected  at  each  sample  point  on  each  of  the 
three  collection  days  for  each  storm  flow.   Water 
samples  were  filtered  through  Whatman  GF/F  glass 
micro  fiber  filters  with  an  effective  retention 
of  0. 7  ym.   Filters  were  weighed  to  the  nearest 
0.00001  gram  before  and  after  filtering  and  the 
suspended  sediment  content  was  expressed  in  milli- 
grams per  liter. 

Chemical  analyses  on  each  sample  consisted 
of: 
Analysis  Technique 

(NO3)    Brucine     (Taras,  M.  J.  et  al. ,  1975) 


RESULTS  AND  DISCUSSION 

Results  of  the  study  are  presented  in 
figures  2-9  for  the  water  quality  parameters 
considered:   dissolved  oxygen  (Fig.  2),  suspended 
sediment  (Fig.  3),  pH  (Fig.  4),  nitrate  nitrogen 
(Fig.  5),  sulfate  (Fig.  6),  calcium  (Fig.  7), 
magnesium  (Fig.  8),  and  potassium  (Fig.  9). 
Results  (with  95%  confidence  limits)  from  the 
subwatersheds  that  represent  only  one  silvi- 
cultural  activity  are  presented  in  section  A  of 
each  figure.   All  subwatersheds  and  the  main  ditch 
means  (dotted  lines)  are  presented  in  section  B. 


Natural  Hardwood  Stand 

Runoff  concentrations  from  the  natural 
hardwood  stand  were  similar  to  these  found  in 
slash  pine  flatwoods  in  Florida  (Table  1). 

Table  1.   Comparison  of  constituents  in 
water  from  undisturbed  watersheds  in  this  study 
and  central  Florida   IMPAC  study  (Riekerk  1982). 


Constituent 

This  Stu 

dy 

IMPAC  study 
watershed  3 

pH 

4.39 

3.79 

NO3-N 

mg/1 

.47 

.03 

NH4-N 

mg/1 

.05 

.10 

Total  P 

mg/1 

.01 

.03 

K 

mg/1 

.80 

.13 

Ca 

mg/1 

5.49 

1.16 

Mg 

mg/1 

2.70 

.70 

Suspended 

sediment 

mg/1 

4.08 

2.7 

SO4 

mg/1 

32.8 

(SO,) 


Turbidimetric 


j     Ca,  Mg  and  K  were  assayed  by  atomic 
absorption.   All  measurements  were  recorded 
the  nearest  0.001  mg/1. 


to 


Water  from  these  watersheds  is  stained  with 
organic  acids  derived  from  incomplete  decomposi- 
tion of  organic  matter.   Flat  slopes  of  the 
coastal  plain  have  little  erosive  potential  so 
most  of  the  material  leaving  the  watershed  is  in 
the  dissolved  state.   In  this  study  total  sus- 
pended sediments  were  only  4  mg/1  while  the 
dissolved  sulfate  alone  was  33  mg/1.   There  are 
several  differences  in  the  data  collected  from 
our  study  and  the  one  in  Florida.   Calcium  and 
magnesium  concentrations  were  much  higher  in  this 
study.   This  may  be  due  to  younger  soils  near 
the  coast  which  may  have  a  greater  supply  of 
weatherable  bases. 

Nitrate-nitrogen  concentrations  are  much 
higher  in  this  study  than  those  reported  in  most 
other  published  data  from  the  Southeast.   This 
may  be  due  to  the  sampling  technique.   Ue 
sampled  only  stormflows  and  some  of  these  storm- 
flow  events  occurred  after  dry  periods.   The 
high  mean  concentration  was  due  to  high  nitrate 
concentrations  in  these  samples  (as  indicated  by 
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FIGURE  1.     SCHEMATIC  OUTLINE  OF    SAMPLING    POINTS 
AND    SUBWATERSHED    LOCATIONS 
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the  wide  confidence  limits).   Apparently  nitrate 
was  produced  in  these  areas  when  the  water  table 
fell  during  an  extended  dry  period  and  was  then 
exported  during  a  subsequent  stormflow. 


Newly  Installed  Drainage 

Installation  of  new  drainage  ditches  proved 
to  have  the  most  significant  impact  on  water 
quality.   Suspended  sediment,  pH,  nitrate- 
nitrogen,  sulfate,  calcium,  and  magnesium  con- 
centrations all  showed  significant  changes  from 
the  control.   These  changes  ranged  from  a  50% 
increase  in  magnesium  concentration  to  a  50  fold 
increase  in  suspended  sediment. 

The  large  increase  in  suspended  sediment  was 
due  to  runoff  from  ditch  spoil,  ditch  banks,  and 
the  adjacent  road.   Highest  concentrations 
occurred  in  rising  limb  samples  with  a  concen- 
trations decreasing  on  the  falling  limb  of  the 
hydrograph.   Turbid  water  from  the  adjacent 
road  was  seen  entering  the  ditch  during  the  first 
day  but  elevated  concentrations  during  the  sub- 
sequent days  probably  were  derived  from  material 
from  the  banks  that  had  slumped  into  the  ditch. 

Concentrations  of  several  dissolved 
constituents  were  also  significantly  higher  in  the 
new  ditch.   Concentrations  of  both  nitrate  and 
sulfate  showed  large  increases  in  the  newly  in- 
stalled ditch.   Chemistry  of  both  nitrogen  and 
sulfur  are  similar.   Both  are  incorporated  into 
biological  materials  which  accumulate  on  the 
forest  floor.   Both  are  released  during  decom- 
position and  are  mineralized  to  end  products  that 
undergo  similar  oxidation-reduction  reactions. 
: Prior  to  drainage,  decomposition  on  these  soils 
had  been  slow  due  to  saturated  conditions  and  the 
upper  soil  horizons  contained  a  great  deal  of 
organic  matter.   As  drainage  reduced  the  degree 
of  saturation  decomposition  was  likely  to  have 
increased.   Increased  nitrate  and  sulfate 
originated  as  either  a  result  of  increased  min- 
eralization or  as  oxidation  of  reduced  forms  of 
previously  mineralized  material. 

The  higher  concentrations  of  calcium  and 
magnesium  are  more  easily  explained.   Calcium  plus 
magnesium  are  in  ionic  balance  with  the  concen- 
tration of  sulfate.   Magnesium  was  well  correlated 
to  sulfate  concentration  (r^  =  0.78)  even  when 
'measured  across  all  treatments.   Oxidation  of 
sulfur  compounds  to  sulfate  also  releases 
hydrogen  ions  which  are  then  available  to  dis- 
place cations  from  the  exchange  complex. 
Nitrification  would  have  resulted  in  the  same 
reaction  but  in  this  system  sulfate  is  several 
fold  more  abundant. 

Hydrogen  ion  concentration  was  slightly  re- 
duced on  the  drained  area.   This  conflicts  with 
the  explantation  of  calcium  and  magnesium 
chemistry.   However,  the  major  source  of  hydrogen 
ion  in  these  streams  is  organic  acids.   By  re- 
■ducing  the  period  of  standing  water  the  concen- 
trations of  these  acids  may  have  been  reduced. 


Each  treatment  (logging,  site  preparation, 
pine  establishment)  which  reduced  the  amount  of 
decomposing  organic  matter  resulted  in  a  decrease 
in  hydrogen  ion  concentration. 


Logging 

Concentrations  of  most  constituents  from  the 
logged  area  were  similar  to  those  of  the  natural 
hardwoods.   Only  potassium  and  hydrogen  ion  were 
greatly  different.   Potassium  concentrations 
appear  to  vary  with  the  degree  of  disturbance  to 
living  vegetation.   All  of  the  subwatersheds  on 
which  vegetation  was  disturbed  had  significantly 
higher  potassium  concentrations. 

Nitrate,  sulfate,  calcium,  and  magnesium  all 
showed  values  smaller  than  the  newly  drained 
subwatersheds,  \jith  all  but  calcium  being  as  low 
as  the  natural  hardwood.   These  results  tend  to 
support  the  hypothesis  that  drainage  causes  the 
oxidation  of  reduced  forms  of  N  and  S  rather  than 
as  a  result  of  increases  mineralization.   Logging 
has  been  assumed  to  increase  the  rate  of 
mineralization  (Likens  et  al.  1970).   However, 
logging  also  causes  a  rise  in  the  water  table  due 
to  reduced  transpiration  (Trousdell  and  Hoover 
1955).   In  this  study  the  higher  water  table 
associated  with  logging  seems  to  have  resulted  in 
oxidation-reduction  reactions  similar  to  the 
undrained  stand. 


Site  Preparation 

Shearing,  drum  chopping,  burning,  and 
bedding  associated  with  site  preparation  were  the 
most  severe  mechanical  treatments  applied  during 
the  establishment  process.   Yet,  these  treatments 
had  a  relatively  minor  impact  on  water  quality. 
Suspended  sediment  concentrations  were  no  higher 
than  other  treatments  with  drainage  ditches.   On 
the  level  land  of  the  lower  coastal  plain  ex- 
posure of  mineral  soil  does  not  result  in  erosion 
unless  equipment  creates  channels  into  drainage 
ditches  or  streams.   Nitrate  concentrations  were 
slightly  higher  than  in  the  logged  area  but  were 
still  significantly  less  than  in  the  natural 
hardwood.   Sulfate,  magnesium,  and  hydrogen  ion 
concentrations  were  all  significantly  lower  than 
in  natural  hardwood,  while  calcium  was  lower  than 
the  logged  area.   After  cull  trees  were  sheared 
and  chopped  they  were  burned  with  a  very  hot  fire 
in  late  summer.   The  intensity  of  these  fires 
could  have  volatilized  sulfur  from  litter  and 
perhaps  from  the  soil.   Sulfate  concentrations  of 
all  subwatersheds  on  which  such  a  fire  had 
occurred  were  significantly  less  than  those  with- 
out such  a  fire.   Decreased  calcium  and  magnesium 
concentrations  may  have  been  due  to  ash  in  con- 
vection columns  (Lewis  1974,  Grier  1975).   how- 
ever, the  ionic  balance  between  sulfate  and  these 
cations  would  suggest  a  cation  exchange  expla- 
nation is  more  likely. 
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FIGURE    2.        DISSOLVED     OXYGEN 
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FIGURE    3.    SUSPENDED- SEDIMENT 
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FIGURE  4.       HYDROGEN    ION 
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FIGURE   5.      NITRATE- NITROGEN 
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FIGURE  6.      SULFATE 
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FIGURE   7.     CALCIUM 
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FIGURE  8.      MAGNESIUM 
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FIGURE  9.     POTASSIUM 
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Young  Pine  Plantation 

The  young  pine  plantation  had  the  highest 
quality  water  of  any  subwatershed  in  the  study. 
Concentrations  of  nitrate,  sulfate,  calcium,  and 
hydrogen  ion  were  the  smallest  of  any  of  the 
subwatershed  values.   Pine  growth  rates  were 
relatively  rapid  on  this  area  and  the  pine  trees 
were  the  dominant  vegetation  on  the  site  by  the 
end  of  the  study.   It  seems  that  with  the  addition 
of  phosphorus  fertilizer  the  young  pines  were 
able  to  utilize  the  other  nutrients  on  this  site 
more  effectively  than  the  natural  stand.   The 
consistently  low  nitrate  concentrations  are  con- 
sistent with  results  from  other  well  drained  pine 
sites  (Hewlett  1979,  Richter  et  al.  1982).   Con- 
trol of  nitrate  concentration  on  this  site  may 
have  no  longer  been  due  to  oxidation-reduction 
reactions  but  due  to  the  more  common 
mineralization  reactions. 

Only  two  constituents  of  runoff  from  the 
young  pine  stand  failed  to  show  consistently  high 
quality.   Suspended  sediment  was  significantly 
higher  than  in  the  site-prepared  area  and 
dissolved  oxygen  was  lower,  although  more 
variable.   Both  of  these  values  seemed  to  be  due 
to  heavy  growth  of  aquatic  macrophytes  and 
epiphitic  algae  in  the  drainage  ditch.   When  this 
vegetation  was  alive  it  contributed  to  the  oxygen 
in  the  stream  but  when  it  died  it  consumed  oxygen 
and  contributed  a  large  amount  of  suspended  or- 
ganic matter.   This  subwatershed  was  the  only 
subwatershed  in  which  the  suspended  material 
contained  visible  quantities  of  organic  matter. 


Older  Pine  Plantation 

Concentrations  from  the  older  nine 
plantation  were  similar  to  those  of  the  young 
pine  except  for  nitrate  nitrogen  and  hydrogen 
ion.   The  higher  and  more  consistent  hydrogen 
ion  concentration  may  have  been  a  result  of   the 
build  up  of  a  stable  forest  floor.   The  concen- 
tration was  similar  to  the  watershed  of  the 
IMPAC  study  (Riekerk  1982)  which  contained  most- 
ly slash  pine.   Nitrate  concentrations  were  not 
significantly  different  from  the  control.   This 
may  have  been  due  to  a  return  of  transpiration 
and  the  large  fluctuations  of  the  water  table 
characteristic  of  the  lower  coastal  plain 
(Trousdell  and  Hoover  1955,  Tainter  et  al.  1982). 
Another  explanation  may  be  that  the  stand  had 
exhausted  the  phosphorus  added  at  planting  and 
could  no  longer  effectively  utilize  nitrogen. 


Integration  of  all  Treatments 

The  constituent  concentrations  at  sample 
point  20  were  a  reflection  of  all  the  subwater- 
shed outputs  and  any  processes  which  operated 
within  the  main  drainage  ditch.   For  all  of  the 
dissolved  constituents,  except  oxygen,  there 
seemed  to  be  little  processing  within  the  main 
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ditch.   Changes  in  concentration  were  as  would 
be  expected  if  dilution  was  the  only  process 
active.   Dissolved  oxygen  appears  to  have  been 
dominated  by  channel  processes.   On  the  subwate 
sheds  that  were  well  channelized  dissolved 
oxygen  averaged  near  7  mg/1  while  those  with  f] 
over  the  surface  had  significantly  lower  averaj 
near  5  mg/1.   Likewise,  in  the  main  stream  whei 
water  stayed  within  the  channel  and  had  turbule 
mixing  the  values  were  near  7  mg/1.   In  the  reg  fii 
between  sample  points  15  and  20  the  main  channel 
was  not  large  enough  to  contain  the  flow  and  thij 
dissolved  oxygen  dropped  from  7  to  6  mg/1. 

Suspended  sediment  measurements  showed  thac 
both  sediment  additions  and  sedimentation  occut 
in  the  main  channel  (Askew  and  Williams  1984). 
Suspended  sediment  concentrations  declined  shar 
ly  between  point  2  and  point  7  and  between  poinii| 
15  and  17.   The  decline  between  points  2  and  7 
may  have  resulted  from  dilution  by  relatively 
clean  water.   However,  the  decline  between  poinn 
15  and  17  occurred  despite  the  addition  of  watet 
with  higher  sediment  concentrations.   Suspended: 
sediment  was  also  added  to  the  main  ditch  in 
quantities  rivaling  those  of  several  subwater- 
sheds.   Between  points  11  and  13  the  concen- 
tration increased  from  16  to  29  mg/1.   The  con-- 
centration  of  subwatershed  12  was  33  mg/1  but  ii 
drained  an  area  of  less  than  200  acres  while  thili 
main  ditch  drained  an  area  of  nearly  2000  acres s 
The  only  other  source  of  sediment  between  pointit 
11  and  13  was  the  crossing  of  the  main  haul  roai* 
The  main  haul  road  also  crossed  the  ditches  in 
subwatersheds  14  and  16,  which  had  suspended 
sediment  concentrations  of  33  and  31  mg/1  re- 
spectively. 


CONCLUSIONS 

The  overall  effect  of  drainage  and  pine 
plantation  establishment  in  this  case  was  to 
improve  runoff  water  quality.   The  drained  area 
was  a  broad  interstream  divide  which  received 
excess  water  by  rainfall.   The  natural  stand  was- 
a  hardwood  stand  which  had  been  selectively 
(selection  for  profit)  logged  during  the  1940's.; 
In  this  case  the  runoff  water  was  dominated  by 
high  concentrations  of  organic  acid,  low  levels 
of  dissolved  oxygen,  occasionally  high  concen- 
trations of  nitrate,  and  high  concentrations  of 
sulfate  and  associated  cations.   Overall  con- 
version decreased  the  acidity  level,  increased 
the  oxygen  level,  and  lowered  the  concentrations 
of  nitrate,  sulfate,  and  magnesium. 

Aspects  of  the  conversion  process  which  had 
the  largest  impacts  on  water  quality  were  in- 
stallation of  new  drainage  ditches  and  establish 
ment  of  the  pine  plantation.   Installation  of 
drainage  produced  an  increase  in  suspended  sedi- 
ment from  ditch  bank,  spoil,  and  an  adjacent 
road.   Increased  drainage  also  appears  to  have 
increased  the  rate  of  oxidation  of  the  forest 
floor  and  soil.   This  resulted  in  a  pulse  of 
dissolved  nutrients  (NO3-N,  SO4,  Ca,  and  Mg). 
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These  losses  were  large  enough  to  be  statistically 
significant  even  with  the  limited  sampling  of  this 
study  and  could  be  of  concern  from  a  productivity 
standpoint.   Establishment  of  a  vigorously  growing 
pine  stand  had  the  greatest  positive  impact  on 
water  quality.   The  stand  in  this  study  produced 
water  similar  in  quality  to  other  pine  forests. 
On  this  site  the  incorporation  of  phosphorus  into 
the  beds  resulted  in  a  stand  that  seemed  able  to 
more  completely  utilize  the  site.   Not  only  did 
phosphorus  concentrations  remain  below  our  0.01 
mg/1  detection  limit  but  other  nutrient  concen- 
trations in  runoff  also  declined. 

There  appears  to  be  only  two  areas  of  poten- 
tial water  quality  concern  in  the  practice  of 
pine  plantation  establishment  on  these  sites. 
The  sediment  and  dissolved  nutrients  from  the 
initial  eatablishment  of  drainage  ditches  pre- 
sented a  problem  for  at  least  two  years.   Slow 
development  of  a  tract  as  practiced  here  solves 
these  concerns  with  dilution.   If  a  tract  is 
developed  over  a  period  of  twenty  years  then  no 
more  than  ten  percent  would  have  new  ditches. 
Suspended  sediments  from  the  new  ditches  and  from 
main  haul  roads  does  settle  from  the  stream  which 
will  improve  water  quality  but  the  sediment  in 
the  stream  impedes  flow.   This  problem  may  be 
alleviated  by  installing  settling  basins  in  the 
drainage  system  to  accumulate  sediment  (  Gregory 
per.  com.).   These  basins  can  also  be  used  to  pro- 
vide water  for  fire  protection. 
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EFFECT  OF  THINNING  YOUNG  LOBLOLLY  PINE  ON  SOIL  MOISTURE 


IN  SOUTHEASTERN  LOUISIANA 


R.J.  Lilieholm  and  S.C.  Hu 


V 


Abstract. — Stand  growth  and  soils  under  three  thinning 
treatments  were  studied  for  one  year.  Plots  heaviest 
thinned  contained  more  water  during  the  growing  season  than 
controls.  Daily  water  use  was  equal  among  treatments. 
Moisture  in  upper  soil  horizons  reduced  water  use 
periodically  from  March  to  November  while  depths  below  2.5 
feet  remained  near  field  capacity.  Tree  diameter  growth 
increased  with  increased  thinning  intensity. 


INTRODUCTION 


METHODS  AND  PROCEDURE 


Current  projections  show  increasing  demands 
for  wood  and  wood  products  while  forestland  in 
the  U.S.  decreases  (Hall  1983).  To  meet 
increased  demands  from  a  declining  resource  base, 
forests  are  becoming  more  productive  through 
shorter  rotations  and  intensive  management 
(DeBell  et  al.  1977).  Greater  utilization, 
genetically  improved  planting  stock,  ferti- 
lization, and  thinning  are  more  common  each  year 
on  many  acres  of  forestland. 

Thinning  has  been  widely  used  to  improve 
tree  growth  and  quality  by  alleviating  com- 
petition for  a  number  of  growth  factors  including 
solar  radiation,  nutrient  elements,  and  soil 
moisture  (Daniel  et  al.  1979).  While  all  of 
these  factors  are  important,  Black  (1957) 
identified  soil  moisture  as  the  single  most 
limiting  factor  to  plant  growth  on  most  sites. 

Loblolly  pine  (Pinus  taeda  L.)  is  the  major 
timber  species  of  the  southeast  United  States  and 
each  year  thousands  of  acres  are  thinned  to 
improve  tree  growth  and  quality.  While  many 
studies  have  examined  the  effect  of  thinning 
loblolly  pine  on  growth,  few  if  any  have  focused 
on  the  underlying  cause  of  improved  growth — 
increased  soil  moisture. 
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Study  Area 

The  study  was  conducted  on  LSU's  Le.( 
Memorial  Forest  located  in  southeaster!! 
Louisiana.  The  area  falls  in  the  forest  habitan 
subregion  identified  by  Evans  et  al.  (1983)  a;i 
the  Middle  Coastal  Plain,  Southern  Loam  Hillsii 
gentle  topography  unit.  The  site  is  occupied  by 
a  young  loblolly  pine  stand  naturally 
regenerated  in  1964-65.  Site  index  for  loblollj 
pine  within  this  habitat  subregion  is  normall] 
from  84  to  91  feet  at  base  age  50  years.  Whilr 
loblolly  pine  dominates  the  site,  scattereci 
longleaf  (Pinus  palustris  Mill.)  and  shortleal' 
pines  (P.  echinata  Mi''l.)  are  present.  Commor 
hardwoods  include  sweetgum  (Liquidambai 
styracif lua  L.),  yaupon  (Ilex  vomitoria  Ait,), 
yellow-poplar  (Liriodendron  tuliplfera  L.), 
black  cherry  (Prunus  serotina  Ehrh.),  and 
various  oaks  (Quercus  spp.). 

Ruston  and  Savannah  fine  sandy  loams 
underlie  the  site.  The  well-drained  Ruston  soil 
series  is  found  extensively  throughout  Louisiana 
and  covers  over  one  million  acres  in  the  South. 
Most  of  this  land  supports  stands  of  southern 
pine,  of  which  loblolly  pine  is  a  major 
component.  The  moderately  well-drained  Savannah 
series  has  a  fragipan  at  16  to  38  inches, 
creating  a  perched  water  table  at  1.5  to  3.0 
feet  from  January  to  March.  Rainfall,  collected 
nearby  at  the  Sheridan  fire  tower,  averaged  75 
inches  per  year  over  the  past  13  years. 

Plot  Establishment 

Twelve  0.5-acre  square  plots  were 
established  across  the  stand  in  the  spring  of 
1980.  One  nine-foot  aluminum  access  tube  was 
tn^stalled  in  each  plot  center  to  allow  soil 


550 


moisture  measurement  with  a  neutron  probe.  The 
12  plots  were  then  divided  into  four  blocks  of 
three  plots  each  and  every  plot  within  each 
block  was  randomly  assigned  one  of  three 
treatments: 

1)  hardwood  removal,  thinning  to  200  trees 
per  acre  (TPA) ,  prescribe-burn, 

2)  hardwood  removal,  thinning  to  400  TPA, 
prescribe-burn,  and 

3)  control. 

Hardwood  trees  and  shrubs  on  plots  to  be 
thinned  were  cut  in  December  and  January  1982-83. 
Loblolly  pines  were  marked  for  thinning  in 
January  of  1983.  At  this  time  other  pine  species 
jwere  removed.  Loblolly  pines  thinned  from  the 
iplots  were  selected  by  the  following  criteria: 
first,  dying  trees;  second,  diseased  and  broken 
trees;  third,  trees  making  negligible  growth 
compared  with  the  average;  fourth,  excessively 
limby  dominants  whose  removal  would  release 
better  trees;  and  lastly,  trees  whose  removal 
iwould  improve  the  spacing  of  remaining  trees. 
Thinning  began  in  early  January  and  continued 
Ithrough  February.  Thinned  plots  were 
prescribe-burned  in  February  to  discourage 
hardwood  sprouting  and  reduce  slash. 

Measurements 

Pine  diameter  at  breast  height  was  recorded 
Ln  March  1983.  Pine  basal  area  averaged  52.5 
ft^/ac  on  200  TPA  plots,  72.1  ft^/ac  on  400  TPA 
jplots,  and  63.4  ft^/ac  on  controls.  Hardwood 
basal  area  on  control  plots  averaged  17.2  ft^/ac 
with  2,350  stems  per  acre.  In  addition,  15  pines 
nearest  the  plot  center  on  all  plots  were 
measured  for  total  height  and  live  crown  ratio. 
Measurements  were  repeated  after  one  growing 
^Season. 

Hardwood  understory  sprouting  was  sampled  in 
November  of  1983,  one  growing  season  after 
thinning.    Two   0.0125-acre   subplots   were 

tstablished  in  each  thinned  plot  and  the  number 
f  sprouts  and  height  of  the  dominant  sprout  for 
pach  root  collar  was  recorded. 

Volumetric  soil  moisture  was  measured  with  a 
Troxler  Model  2655  scaler-ratemeter  and  Model 
1255  depth  moisture  probe  approximately  every 
Wo  weeks  from  March  6,  1983  to  February  26, 
1984.  Soil  moisture  was  measured  from  depths  of 
0.5  to  7.5  feet  at  one-foot  intervals.  A  field 
'calibration  for  the  neutron  probe  was  made  at 
the  study  site. 

Two  rain  gages  were  Installed  on  the  study 
irea  to  measure  biweekly  rainfall.  Measurements 
;ere  recorded  in  conjunction  with  neutron  probe 
■eadlngs  to  aid  In  interpreting  soil  moisture 
fluctuations.  In  addition,  daily  rainfall  data 
'rom  a  nearby  fire  tower  were  obtained. 

Soil  moisture  retention  curves  for  both  the 
iuston  and  Savannah  soil  series  were  constructed 
or  depths  of  0.5,  1.5,  2.5,  3.5,  and  4.5  feet. 


For  each  soil  series  and  depth,  volumetric 
moisture  content  was  determined  for  soil  water 
potentials  of  1/3,  1,  4,  8,  and  15  bars. 


RESULTS  AND  DISCUSSION 

Effect  of  Thinning  on  Tree  and  Understory  Growth 

Diameter  growth  Increased  with  increased 
thinning  intensity.  Trees  on  plots  thinned  to 
200  TPA  grew  the  most,  adding  an  average  of  0.27 
inch  to  their  diameters  (table  1).  Plots 
thinned  to  400  TPA  had  the  next  greatest  radial 
increment  growth  with  0.19  inch,  and  trees  on 
the  control  plots  grew  the  least,  averaging  only 
0.15  inch.  No  significant  differences  were 
found  in  height  growth,  change  in  live  crown 
ratio,  or  per-acre  basal  area  growth  at  the  0.05 
probability  level. 

Table  1. — Diameter  growth  at  breast  height, 

height  growth,  change  in  live  crown 
ratio,  and  basal  area  growth  after  one 
year  among  three  thinning  treatments 

Change  in 
Diameter  Height      live      Basal 
Treatment   growth   growth   crown  ratio  area 

1ti.      ft.      percent   f  t^/ac 

0.27  A    1.2  A     0.006  A   3.40  A 

1.6  A     0.015  A   4.79  A 
0.15  C    1.1  A    -0.100  A   4.76  A 


Thin  to 
200  TPA 


Thin  to 

400  TPA   0.19  B 


Control 


Column  means  with  similar  letters  are  not 
statistically  different  at  the  0.05  probability 
level.  Diameter  growth  means  differ  at  the  0.01 
probability  level. 

Early  in  the  spring  of  1983,  hardwood 
stumps  on  the  thinned  plots  began  vigorous 
sprouting  which  continued  throughout  the  growing 
season.  Sweetgum,  yaupon,  red  maple  (Acer 
rubrum  L.),  and  yellow-poplar  sprouts  were 
dominant .  No  significant  differences  were  found 
in  hardwood  understory  growth  among  the  thinning 
treatments.  Dominant  hardwood  sprouts  averaged 
51.5  Inches  in  height,  with  approximately  3,500 
sprouting  root  collars  per  acre. 

Effect  of  Thinning  on  Soil  Moisture 

Volumetric  Moisture  Content 

Average  moisture  content  for  each  treatment 
at  three  soil  depths  during  the  study  is  shown 
in  Figure  1.  No  statistically  significant 
differences  were  found  In  soil  moisture  among 
the  treatments  at  any  depth.  Despite  this,  some 
general  trends  in  volumetric  soil  moisture 
content  were  observed.  First,  soil  moisture 
depletion  was  already  in  progress  when  measure- 
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ments  began  in  March,  coinciding  with  increased 
evapotranspiration  from  warming  temperatures  and 
initiation  of  vegetative  growth. 

LEGEND: 


7.5  FEET 


MONTH 

Figure  1. —  Daily  precipitation  and  average  soil 
moisture  content  under  three  thinning 
treatments  at  three  depths  from  March 
6,  1983  through  February  26,  1984. 

Soil  moisture  recharge  began  in  November  and 
continued  through  February  in  conjunction  with 
decreased  evapotranspirational  demands.  Soil 
moisture  recharge  was  abrupt,  with  the  soil  going 
from  the  lowest  moisture  content  measured  to  near 
field  capacity  in  17  days.  Field  capacity, 
assumed  to  be  the  maximum  moisture  content 
observed  in  the  soil  (Bay  and  Boelter  1963) ,  was 
reached  in  January  regardless  of  treatment. 

Seasonal  fluctuations  decreased  with 
increasing  depth  in  the  soil,  indicating  that 
evapotranspirational  demands  and  effects  of 
precipitation  were  greatest  in  the  upper  soil 
horizons,  where  most  roots  are  concentrated. 
Correspondingly,  soil  moisture  increased  with 
increasing  depth  in  the  soil  during  the  growing 
season.  Seasonal  changes  in  soil  moisture  were 
found  to  a  depth  of  7.5  feet. 

Throughout  the  growing  season,  the  close 
correlation  between  rainfall  and  soil  moisture 
status  diminished  as  soil  depth  increased.  It 
was  also  obseirved  that  heavy  rains  during  the 
growing  season  could  dramatically  recharge  the 
soil.  Three  heavy  rains  in  mid-September 
recharged  upper  soil  horizons  to  near  field 
capacity. 


Inches  of  Water  in  the  Soil 

While   no   differences   were   found 
volumetric   moisture    content    at    one-f 
intervals  in  the  soil  profile,  differences  w«i 
found  in  the  total  amount  of  water  in 
profile  to  a  depth  of  eight  feet  (figure 
Soils  under  plots  thinned  to  200  TPA  contair< 
more  water  than  controls  during  the  grow:  t 
season;  control  plots  had  significantly  les  ^ 
All  treatments  recharged  to  approximately  1 1[| 
same  levels  in  the  winter.   At  field  capacit 
these  soils  hold  about  29  inches  of  water  in  1 
upper  8  feet. 


s 

O  2a 
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Figure  2. —  Daily  precipitation  and  average 

total  inches  of  water  in  the  soil  ic 
a  depth  of  8  feet  for  each  treatmewo 
from  March  6,  1983  through  Feburarjij 
26,  1984. 

Daily  Water  Use  I 

Daily  water  use  from  the  upper  8  feet  cf 
soil  is  illustrated  in  figure  3.  Water  use  wa«| 
calculated  by  finding  the  difference  in  totalj 
inches  of  water  between  two  successiv;' 
measurement  dates  and  adding  to  this  the  amour : 
of  precipitation  received  on  the  plots  between 
the  two  measurements.  The  loss  of  water  was  th'.: 
divided  by  the  number  of  days  betweei 
measurements  to  give  a  daily  average  of  soi'i 
water  use. 

Several  assumptions  must  be  made  whe 
calculating  water  use  in  this  fashion.  First 
rainfall  received  at  the  rain  gages  accurate! 
describes  the  rainfall  falling  over  the  entiri 
study  area  and  that  all  this  water  enters  thi 
soil  (i.e.  no  runoff,  stemflow,  or  evaporation) 
Secondly,  there  is  no  lateral  movement  of  soi^ 
water  and  no  vertical  movement,  up  or  down,  at  < 
depth  of  8  feet.  A  final  assumption  is  that  thf 
moisture  gradient  between  soil  depths  measurec 
changes  in  a  linear  fashion,  allowing  th( 
averaging  of  the  measured  soil  moistures  foum 
throughout  the  soil  profile. 

How  well  these  assumptions  are  met  Is 
unknown;  however,  heavy  rains  in  April  violatec 
the  first  assumption  of  no  runoff.   Runoff  froi 
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Figure  3. —  Daily  precipitation  and  average  daily 
water  use  for  each  treatment  from 
March  19,  1983  through  February  26, 
1984. 

these  large  storms  caused  widespread  flooding  and 
resulted  in  excessive  water  use  estimates  of  1.00 
inch  per  day.  Another  questionable  period  is 
during  December,  January,  and  February.  Much 
precipitation  was  received  during  this  time  and 
soils  were  already  recharged  to  field  capacity. 
In  addition,  tree  growth  had  ceased,  making  daily 
water-use  estimates  of  0.14  to  0.28  inch  too 
high,  especially  since  the  estimated  maximum 
potential  water  use  during  the  winter  for 
loblolly  pine  is  0.01  inch  per  day  (Zahner  1960). 
Most  likely  surface  runoff  and  subsurface 
drainage  were  taking  place. 

Ruling  out  these  two  periods,  maximum  water 
use  fluctuated  between  0.23  and  0.26  inch  per 
day.  This  estimate  is  close  to  two  published 
estimates  for  loblolly  pine  of  0.24  and  0.25  inch 
by  Bassett  (1964)  and  Zahner  (1960), 
respectively.  Periods  of  low  water  use  (0.07  to 
0.09  inch  per  day)  in  March,  May,  August, 
October,  and  November  coincide  with  periods  of 
low  soil  moisture.  Average  daily  water  use 
observed  in  this  study  during  the  growing  season 
was  0.15  inch  per  day  or  4.5  inches  per  month. 

While  no  differences  were  found  between 
daily  soil  water  use  and  treatment,  plots 
heaviest  thinned  had  a  greater  water-use  to  tree 
ratio.  This  suggests  that  increased  moisture  in 
the  soil  due  to  thinning  further  impacted  tree 
growth  since  there  was  more  soil  water  available 
on  a  per-tree  basis. 

Converting  inches  to  volume,  the  study  area 
lost  7,060  gallons  of  water  per  acre  on  days 
averaging  losses  of  0.26  inch.  Making 
assumptions  of  negligible  water  loss  by 
evaporation  and  hardwood  sprouts  and  uniform 
moisture  loss  over  plots  by  all  trees,  this 
would  equal  35  and  18  gallons  of  water  per  tree 
per  day  on  plots  thinned  to  200  and  400  TPA 
respectively. 


On  days  of  low  water  use  (i.e.  0.07  inch 
per  day),  losses  dropped  to  1900  gallons  per 
acre  per  day,  or  9.5  and  4.8  gallons  per  tree 
per  day  for  200  and  400  TPA  plots  respectively. 
Since  most  water  is  lost  during  the  midday 
hours,  peak  water  use  per  hour  would  be  greater. 
Zahner's  (1960)  estimate  of  100  gallons  per  hour 
for  a  sawlog  size  loblolly  pine  during  peak 
water  use  is  probably  realistic.  While  this 
seems  like  a  large  quantity  of  water,  soils 
under  the  study  area  contain  more  than  3/4  of  a 
million  gallons  of  water  per  acre  in  the  upper 
eight  feet  of  soil  at  field  capacity. 

Soil  Water  Potential 

In  both  Ruston  and  Savannah  soils,  clays 
eluviate  downward  and  accumulate  at  lower  depths, 
leaving  high  percentages  of  sand  in  the  upper 
horizons.  Thus,  there  is  a  sharp  drop  in 
moisture  retained  with  increasing  suction  at  a 
depth  of  0.5  foot.  As  depth  in  the  soil  profile 
increased  to  2.5  and  3.5  feet,  the  greater 
accumulation  of  clay  allowed  more  moisture  to  be 
retained  against  suction. 

Along  with  evapotranspirational  demands, 
this  explains  some  of  the  temporal  variability 
in  moisture  observed  at  soil  depths  of  0.5  and 
1.5  feet  and  why  lower  horizons  remained  more 
constant.  In  addition,  it  helps  illustrate  the 
rapid  recharge  capacity  of  these  soils.  Since 
the  surface  horizons  tend  to  be  sandy.  Incoming 
precipitation  can  readily  infiltrate  the  soil. 
While  the  clays  below  the  sandy  horizons  are 
less  permeable,  the  precipitation,  once  in  the 
soil.  Is  held  and  allowed  to  slowly  percolate 
downward  instead  of  being  lost  as  runoff. 

Figure  1  shows  maximum  moisture  contents  of 
about  18  to  22  percent  at  depths  of  0.5  foot. 
This • corresponds  with  a  suction  of  about  1/3  to 
1  bar  for  Savannah  soils  and  1/3  bar  for  Ruston 
soils.  Minimum  values  for  moisture  at  a  depth 
of  0.5  foot  are  about  10  percent,  which  could 
represent  a  suction  of  anywhere  between  1  and  15 
bars  due  to  textural  variability  of  soil  samples 
used  to  construct  the  moisture  retention  curves. 
Minimum  moisture  contents  at  1.5  feet  were  about 
20  percent,  or  approximately  1/3  to  1  bar. 
Moisture  contents  at  depths  below  2.5  feet  were 
near  field  capacity  year-round. 

Moehring  (1966)  found  that  loblolly  pine 
growth  slows  considerably  as  soil  water 
potential  gets  below  0.5  bar,  stopping  growth 
for  most  trees  at  3  to  4  bars.  But  while  soils 
at  depths  of  0.5  foot  dried  to  the  point  of 
water  stress  during  this  study,  loblolly  pine 
has  been  shown  to  remove  large  quantities  of 
water  to  depths  of  six  feet  during  drought 
(Hoover  et  al.  1953).  It  would  seem  that 
although  trees  were  stressed  in  the  upper  foot 
of  soil,  the  abundant  supply  of  moisture  at 
greater  depths  would  indicate  that  soil  moisture 
was  not  limiting.  However,  during  these  periods 
of  low  soil  moisture,  water  use  also  decreased, 
meaning  tree  growth  was  not  being  maximized  even 
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though  soils  below  2.5  feet  were  near  field 
capacity. 


CONCLUSIONS 

Plots  heaviest  thinned  had  significantly 
more  water  in  the  upper  eight  feet  of  the  soil 
profile  than  controls.  Correspondingly,  loblolly 
pine  diameter  growth  was  greatest.  No 
differences  were  found  in  height  growth,  live 
crown  ratio  change,  or  hardwood  understory  sprout 
growth  on  thinned  plots. 

Several  soil  moisture  patterns  were 
observed.  Soil  moisture  depletion  was  in 
progress  when  measurements  began  in  March  and 
generally  declined  during  the  growing  season, 
reaching  its  lowest  levels  in  mid-November. 
During  the  growing  season,  large  storms  could 
recharge  upper  soil  horizons  to  near  field 
capacity.  Annual  soil  moisture  recharge  began  at 
the  end  of  November  and  was  rapid.  Soils  under 
all  treatments  recharged  to  approximately  the 
same  level  in  the  winter. 

Biweekly  soil  moisture  fluctuations  were 
greatest  in  the  surface  foot  of  soil  and 
decreased  with  increasing  depth  in  the  soil 
profile.  In  addition,  soil  moisture  generally 
increased  with  increasing  soil  depth. 

No  differences  were  found  in  water  use  among 
treatments.  Maximum  water  use  averaged  between 
0.23  and  0.26  inch  per  day.  Plots  heaviest 
thinned  used  more  water  per  tree  than  lightly 
thinned  plots. 

Soil  moisture  throughout  much  of  the  year 
was  favorable  to  tree  growth,  particularly  below 
2.5  feet.  However,  moisture  in  the  upper  foot  of 
soil  dropped  low  enough  to  be  limiting  to  tree 
growth  several  times  during  the  growing  season, 
illustrating  the  importance  of  an  even 
distribution  of  rain  for  soil  moisture  recharge. 

This  research  identifies  the  importance  of 
soil  water  to  tree  growth  and  in  doing  so  has 
important  implications  for  thinning.  While 
thinning  to  200  TPA  was  excessive  by  conventional 
standards,  water  use  was  equal  to  that  of  heavier 
stocked  plots.  In  addition,  soil  water  dropped 
low  enough  to  be  limiting  to  tree  growth  as  early 
in  the  growing  season  as  March.  Problems  of 
water  stress  were  predominantly  in  the  upper 
foot  of  soil.  Since  this  is  the  area  of 
greatest  root  concentration  for  both  pine  and 
competing  hardwoods,  thinning  would  be  more 
effective  if  conducted  in  conduction  with 
hardwood  control  and  manipulative  measures  aimed 
at  improving  water  infiltration  and  retention  in 
the  upper  soil  horizons. 


LITERATURE  CITED 

Bassett,  J.R. 

1964.   Diameter  growth  of  loblolly  pine  treesi 
as  affected  by  soil-moisture  availability. 
USDA  For.  Ser^/.  Res.  Pap.  SO-9,  7  p. 

Bay,  R.R.,  and  D.H.  Boelter. 

1963.   Soil  moisture  trends  in  thinned  red 
pine  stands  in  northern  Minnesota.  USDA  Forr, 
Serv.  Res.  Note  LS-29,  3  p. 

Black,  C.H. 

1957.   Soil-plant  relationships.  J.  Wiley  & 
Sons,  Inc.,  N.Y.  322  p. 

Daniel,  T.W.,  J. A.  Helms,  and  F.S.  Baker. 
1979.   Principles  of  silviculture,  2d  ed. 
McGraw-Kilj  }ock  Co.,  N.Y.  500  p. 


A. P. 


Brunette,    and   D.Ll 


DeBell,    D.S., 
Schweitzer. 

1977.   Expectations  from  intensive  culture  onii 
industrial  forest  lands.  J.  For.  75:10-13 

Evans,  D.L.,  P.Y.  Burns,  N.E.  Linnartz,  and  C.JJ 
Robinson. 

1983.   Forest  habitat  regions  of  Louisiana. 

La.  State  Univ.  School  For.  &  Wildl.  Managejt 

Res.  Rep.  No.  1,  23  p. 

Hall,  F.C. 

1983.   Forest  lands  of  the  United  States.  P. 
130-139  in  Using  Our  Natural  Resources,  1983 
Yearbook  of  Agric,  USDA,  572  p. 

Hoover,  M.D.,  D.F.  Olsen,  Jr.,  and  G.E.  Green. 
1953.   Soil  moisture  under  a  young  loblolly 
pine  plantation.  Proc.  Soil  Sci.  Soc.  Am. 
17(2):147-150. 

Moehring,  D.W. 

1966.   Some  tree  growth  soil  moisture 

observations  in  sawlog  size  loblolly  pine 
stands  in  northeast  Louisiana.  Abstr.  of 
Thesis  in  Diss.  Abstr.  26(7):3567. 

Zahner,  R. 

1960.   Soil  moisture  utilization  by  southern 
forests.  P.  25-30  in  P.Y.  Burns,  ed.. 
Southern  Forest  Soils,  8th  Annu.  La.  State 
Univ.  For.  Symp. ,  132  p. 


554 


IS  PRECIPITATION  A  USEFUL  VARIABLE  IN 


MODELING  DIAMETER  GROWTH  OF  YELLOW-POPLAR? 

2/ 
Donald  E.  Beck- 


1/ 


Abstract. — Diameter  growth  of  yellow-poplar 
(Liriodendron  tulipifera  L.)  was  highly  correlated  with  pre- 
cipitation during  portions  of  the  growing  season.   Rainfall 
for  July,  measured  on  site,  accounted  for  up  to  98  percent 
of  year-to-year  variation  in  mean  radial  increment  at  five 
locations  in  the  Southern  Appalachians.   However,  correla- 
tions of  increment  with  published  records  of  rainfall 
measured  at  the  closest  National  Weather  Service  climatolog- 
ical  station  were  weak  and  not  statistically  significant. 
The  sparse  network  of  weather  stations  and  highly  variable 
rainfall  patterns  limit  the  usefulness  of  published  weather 
records  in  growth  modeling. 


Annual  diameter  growth  of  trees  frequently 
varies  widely  from  year  to  year  and  place  to  place 
in  ways  that  appear  unrelated  to  stand  and  site 
conditions.   Efforts  at  modeling  radial  growth 
with  stand  and  site  factors  often  account  for  half 
or  less  of  the  total  variation.   It  has  been  shown 
for  a  number  of  species  that  ring  width  varies 
with  several  weather-related  variables,  particu- 
larly growing  season  rainfall.   In  the  Southern 
Appalachians,  rainfall  is  extremely  variable  and 
could  account  for  some  of  the  observed  variations 
in  growth.   Adjustment  of  growth  data  for  weather 
conditions  could  improve  growth  projections  as 
well  as  models  of  the  real  effects  of  site,  stand, 
and  treatment  variables. 

The  objectives  of  the  study  described  here 
were  (1)  to  quantify  the  relationship  of  radial 
growth  of  yellow-poplar  to  growing  season  rainfall 
measured  on-site,  and  (2)  to  determine  the  suit- 
ability of  published  records  from  the  closest 
National  Weather  Service  (NWS)  climatological 
station  as  a  substitute  for  on-site  measurements. 


l_l   Paper  presented  at  Third  Biennial  Southern 
Silvicultural  Research  Conference,  Atlanta,  GA, 
November  7-8,  1984. 

2/   Principal  Silviculturist ,  USDA  Forest 
Service,  Southeastern  Forest  Experiment  Station, 
Asheville,  NC. 


METHODS 

The  study  was  conducted  in  the  Southern 
Appalachians  south  of  Asheville,  N.C.   Standard 
rain  gauges  were  installed  in  five  yellow-poplar 
stands  that  contained  long-term  growth  plots 
(Beck  and  Della-Bianca  1970).   Precipitation  was 
measured  weekly  for  5  years,  except  for  some 
periods  in  December  and  January  when  access  was 
limited  due  to  ice  and  snow.   Elevation  of  the 
study  locations  ranged  from  2,750  to  2,800  feet. 
Soils  were  deep  colluvials,  mostly  of  the 
Tusquitee  series  with  concave  surface  shape  on 
slopes  of  20  to  30  percent.   Soils  were  deep  (in 
excess  of  55")  with  A  horizons  of  10  or  more 
inches.   Textures  were  predominantly  loams  with 
some  light  clay-loams  in  B  horizons.   Available 
water  in  the  top  20  inches  of  soil  ranged  from 
3.2  to  4.2  inches. 

Increment  cores  were  taken  from  635  trees  on 
the  permanent  growth  plots  at  the  five  locations 
in  order  to  measure  annual  growth  during  the  5 
years  in  which  precipitation  was  observed.   In 
addition,  dendrometer  bands  were  installed  on  20 
trees  at  each  location  and  read  weekly  during  two 
growing  seasons  to  establish  seasonal  growth 
patterns. 

Additional  rainfall  records  were  obtained 
from  the  permanent  NWS  station  at  the  Bent  Creek 
Experimental  Forest  headquarters  (BCHQ) .   This 
station's  elevation  is  2,200  feet.   The  five 
growth  locations  are  2.1  to  8.4  miles  southwest 
of  the  NT-JS  station. 

Correlation  and  regression  analysis,  together 
with  extensive  plotting  of  the  data,  were  used  to 
examine  the  relationships  between  annual  radial 
growth  and  various  expressions  of  precipitation. 
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RESULTS  AND  DISCUSSION 

On-Site  Analysis 

Seasonal  growth  trends  for  all  trees  com- 
bined are  shown  in  figure  1.   Growth  began  in  very 
late  April  and  was  completed  in  early  September. 
Two-thirds  of  total  growth  occurred  in  June  and 
July,  and  80  percent  of  annual  growth  was  com- 
pleted by  the  end  of  July.   Based  on  these  ob- 
servations it  seems  logical  that  moisture 
relationships  from  late  spring  through  midsummer 
would  be  most  important. 
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Figure  1. — Distribution  of  seasonal  growth. 

Simple  correlations  were  determined  between 
mean  radial  increment  at  each  location  and  pre- 
cipitation by  individual  months  and  combinations 
of  months  preceding  and  during  the  growing  season. 
Seasonal  totals  of  precipitation  and  partial 
seasonal  totals  that  have  been  isolated  in  other 
studies  were  surprisingly  nonsignificant.   The 
only  consistently  significant  correlation  was  for 
July  rainfall.   The  linear  model 


Increment 


b_  +  b   (July  rainfall) 


(equation  1) 


was  fit  to  the  data  by  station.   With  the  excep- 
tion of  location  1,  July  rainfall  accounted  for 
a  majority  of  year-to-year  variation  in  mean 
radial  increment  (table  1) .   Examination  of 
residuals  for  location  1  showed  that  deviations 
from  the  regression  could  be  explained  by  the 
pattern  of  June  rainfall.   Apparently  June  rain- 
fall becomes  important  when  high  June  rainfall 
is  coupled  with  low  rainfall  in  July.   If, 
however,  July  rainfall  was  normal  or  above,  June 
rainfall  had  little  effect  on  growth.   Incorpora- 
tion of  this  information  into  the  model 


0 

+  b 


+  b.  (July  rainfall) 


jjune  rainl 
j July  rain 


(equation  i) 


resulted  in  dramatic  improvement  in  the  fit  for 
location  1  (table  1).   There  was  slight,  but 
nonsignificant,  improvements  at  the  other  four 
locations . 

2 
Table  1. — Coefficients  of  determination  (R  ), 

mean  square  error  (MSE) ,  and  coefficient  of 

variation  (CV) ,  for  increment  regressions 


Location 

and  statistic 

Model  1 

Model  2 

Model  3 

Station 

1 

R^ 

0.3115 

0.9782 

0.4015 

MSE 

.0080 

.0017 

.0091 

CV 

10.51 

2.29 

12.00 

Station 

2 

R^ 

.8851 

.8144 

.4729 

MSE 

.0028 

.0055 

.0075 

CV 

2.96 

5.64 

7.77 

Station 

3 

R^ 

.9769 

.9868 

.4735 

MSE 

.0011 

.0010 

.0054 

CV 

1.46 

1.35 

6.96 

Station 

4 

R^ 

.8221 

.9566 

.6020 

MSE 

.0086 

.0053 

.0131 

CV 

8.23 

5.10 

12.60 

Station 

5 

R^ 

.7912 

.8813 

.4982 

MSE 

.0065 

.0062 

.0103 

CV 

6.71 

6.34 

10.64 

The  demonstrated  relationship  between  incre- 
ment and  rainfall  can  be  logically  explained  in 
terms  of  available  moisture  during  the  period  of 
growth.   Consider  figure  2,  which  compares 
Thornthwaite's  (Thornthwaite  and  Mather  1955) 
monthly  Potential  Evapotranspiration  (PE)  to  pre- 
cipitation under  normal  conditions  in  the  study 
area.   Under  normal  circumstances,  precipitation 
substantially  exceeds  PE  until  the  month  of  June. 
Even  under  the  driest  condition  during  the  5-year 
study  period,  rainfall  exceeded  normal  PE  in  late 
spring  so  that  soils  were  fully  charged  going 
into  the  period  of  rapid  growth  in  June.   Given 
the  relatively  large  water-holding  capacity  of 
the  deep  soils  involved,  level  of  rain  in  June 
had  little  effect  on  growth  during  June.   If  July 
rainfall  was  adequate,  the  amount  of  June  rain- 
fall had  little  effect  on  seasonal  growth.   On 
the  other  hand,  high  June  rainfall  resulted  in 
fully  charged  soils  going  into  July  and  was  able 
to  compensate  somewhat  for  low  rainfall  in  July. 
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Table  2. — July  rainfall  for  study  locations  and 
weather  station  (BCHQ) 


--  PRECIPITATION 

— +  POTENTIAL  EVAPOTRANSPIRATION 


Figure  2. — Normal  precipitation  and  evapotrans- 
piration  for  the  general  study  area. 

August  rainfall  was  of  little  consequence. 
In  fact,  the  highest  August  rainfall  occurred  in 
the  year  of  minimum  increment.   By  August,  water 
demands  have  slackened  and  the  proportion  of 
seasonal  growth  occurring  in  August  is  small. 

Total  precipitation  for  the  growing  season — 
May  through  August ,  was  very  poorly  correlated 
with  increment.   High  seasonal  totals  inflated  by 
high  rainfall  in  June  or  August  occurred  in  years 
when  increment  was  lowest.   This  finding  is 
contrary  to  that  reported  by  Tryon  et  al.  (1957) 
for  yellow-poplar  in  West  Virginia;  they  found 
that  seasonal  totals  which  included  both  June 
and  August  were  highly  correlated  with  radial 
increment . 


Nearest  NWS  Station  Analysis 

In  growth  model  development,  are  records 
from  the  nearest  NWS  station  a  reasonable  sub- 
stitute for  on-site  records?   In  table  1,  model  3 
iwas  obtained  by  substituting  NWS  records  from 
jBCHQ  for  on-site  measurements.   In  all  cases,  the 

quations  are  substantially  poorer  than  those 
developed  from  on-site  measurements. 

As  can  be  seen  from  table  2,  July  rainfall 
at  BCHQ  is  poorly  related  to  rainfall  at  the  five 
jstudy  locations.   It  is  evident  that  BCHQ  is  not 
a  good  index  of  rainfall  trends  at  any  one 
location  from  year  to  year.   It  can  also  be  seen 
'that  the  axiom  that  rainfall  increases  by  a  set 
'amount  for  each  increment  in  elevation  is  not 
tenable  for  these  data.   All  five  locations  were 
at  about  the  same  elevation,  but  their  rainfall 
iiffered  considerably.   Relationships  developed 
Dn  broad  averages  by  year  and  place  apparently 
apply  poorly  to  short  time  periods  and  specific 
Locations . 


Year 

Location 

1 

2 

3 

4 

5 

—  Inches— 

1 

6.09 

4.78 

2.46 

2.45 

1.31 

2 

9.15 

5.91 

3.90 

1.84 

2.27 

»3 

7.96 

5.10 

3.52 

2.46 

2.01 

4 

9.46 

6.28 

6.12 

5.89 

1.97 

5 

9.65 

6.19 

6.39 

5.97 

1.47 

BCHQ 

A. 28 

4.13 

4.87 

1.36 

1.34 

SUMMARY  AND  CONCLUSIONS 

Annual  radial  increment  of  yellow-poplar  at 
five  locations  in  the  Southern  Appalachians  was 
highly  correlated  with  July  rainfall  and  the 
quotient  of  June  to  July  rainfall.   The  demonstrated 
relationship  is  biologically  reasonable  in  terms  of 
moisture  balance  during  periods  of  growth  accumula- 
tion.  The  caveat  is  that  rainfall  was  measured 
on-site.   Incorporation  of  this  increment-rainfall 
relationship  in  growth  modeling  should  improve 
parameter  estimates  and  growth  projections.   One 
should  be  aware,  however,  that  the  relationship 
developed  is  time-,  place-,  and  species-specific. 
Other  situations  may  well  require  vastly  different 
models.   This  conclusion  is  evident  from  the  range 
of  models  that  have  been  developed  in  the  past. 

Rainfall  at  a  nearby  NWS  climatological  station 
proved  to  be  a  poor  substitute  for  on-site  measure- 
ments.  Rainfall  at  the  NWS  station  was  not  indica- 
tive of  that  at  the  five  study  locations,  and 
correlations  with  radial  increment  were  not  signifi- 
cant.  Highly  variable  rainfall  patterns  and  the 
thin  network  of  permanent  weather  stations  limit  the 
usefulness  of  published  records  in  growth  analyses. 
If  the  demonstrated  relationships  between  increment 
and  rainfall  are  to  be  used  in  growth  modeling, 
there  will  have  to  be  better  algorithms  developed  to 
estimate  rainfall  distribution  or  stations  will  have 
to  be  established  at  study  locations. 
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WATERSHEDS  IN  THE  OZARK  HIGHLAImDS- 

Edwin  R.  Lawson 
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Abstract. — Nutrients  in  storm  runoff  from  five  forested 
watersheds  in  the  Ozark  Highlands  of  Arkansas  were  monitored. 
One  watershed  was  lightly  thinned,  one  was  moderately  thinned, 
and  three  were  left  \indist\arbed.   Nutrients  or  chemical  prop- 
erties monitored  included:   P,  K,  Ca,  Fe ,  Na,  NH  -N,  Mg,  Mn, 
NO  ,  COD,  and  HCO  .   Turbidity,  pH,  and  specific  conductance 
were  also  evaluated.   Thinning  treatments  did  not  generally 


influence  nutrient  levels  in  runoff. 


INTRODUCTION 


Forested  areas  are  generally  the  sources  of 
the  nation's  highest  quality  water  (Corbett,  et  al 
1978;  Douglass  197^;  Stone  1977).   The  chemical 
and  physical  properties  of  water  coming  from  these 
areas  are  the  result  of  natural  and  man-made  fac- 
tors.  Even  without  man's  interference,  variations 
in  water  quality  occur  largely  as  a  result  of  var- 
iations in  precipitation,  vegetation,  and  soils. 
Man''s  activities  in  a  watershed  may  affect  all 
three  of  these  factors  (Douglass  and  Swank  1975; 
Stone  1977). 

Nutrient  levels  in  surface  waters  are  becom- 
ing an  increasingly  important  water-quality  con- 
sideration in  managing  streams  and  lakes.   Exces- 
ses of  certain  nutrients  can  greertly  decrease  the 
productivity  of  streams  and  lakes  for  aquatic 
organisms  and/or  create  problems  when  water  is 
used  for  municipal,  industrial,  or  agricultural 
purposes.   Excessive  losses  of  nutrients  in  run- 
off from  watersheds  reduce  the  productive  poten- 
tial of  soils  for  growing  crops. 
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The  objectives  of  this  report  are  to  pre sec . 
baseline  data  on  nutrient  levels  in  runoff  from  . 
relatively  ijindisturbed  hardwood  forests  and  frorc 
areas  subjected  to  light  and  medium  thinning 
treatments . 


STUDY  AREAS 

The  5  watersheds  used  in  this  study  are  loc 
ted  in  north-central  Arkansas  on  the  Henry  R.  Ko-c 
Experimental  Forest  south  of  Harrison,  AR.   They 
have  aspects  ranging  from  northeast  to  south  and;M 
west.   Three  of  the  watersheds,  WS-1,  WS-2,  and  'I 
WS-3,  are  adjacent  and  are  5-17,  5-76,  and  U.29  ; 
acres  in  size,  respectively.   The  other  two,  WS-I  j 
and  WS-6 ,  are  l6.20  and  l8.5^  acres  in  size  and  j 
are  within  3/^  mile  of  the  three  smaller  catch-  1 
ments.   Hydrologic  characteristics  of  WS-1,  WS-2.  | 
and  WS-3  were  previously  reported  by  Rogerson 
(1976).   Elevations  of  the  5  watersheds  range  f re  d 
approximately  1,000  to  1,525  feet  and  slopes  are 
about  25  to  30  percent. 

Summers  are  warm  in  the  study  area,  with  July  ten  • 
peratvires  averaging  78.6°F.   Winters  are  moderate, 
cold,  with  a  January  average  temperature  of  38.6 
Mean  annual  temperature  for  the  area  is  58.3°F. 
The  average  growing  season  is  about  19O  days  long 
lasting  from  about  April  15  to  October  22.  Long- 
term  average  annual  precipitation  for  the  region  ■ 
about  i+5  inches  (U.S.  Department  of  Commerce  1982 
Almost  all  of  the  precipitation  is  rain,  but  ligh 
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snow  usually  falls  a  few  times  each  winter.   Pre- 
cipitation is  distributed  fairly  evenly  through- 
out the  year,  although  May  and  June  have  slightly 
greater  amounts  and  December  and  January  slightly 
lesser  amounts  than  other  months. 


species  were  deadened  with  herbicide  to  reduce 
competition  for  the  more  desirable  species.   Smaller 
oaks  were  severed  near  the  ground  to  provide  sprout 
regeneration.  Vegetation  on  WS-2,  WS-5 ,  and  WS-6 
was  not  dist\irbed. 


Soils  in  the  watersheds  were  principally 
formed  from  limestone  and  cherty-lime stone  parent 
materials.   Major  soils  include  the  Noark,  Clarks- 
ville,  Moko,  and  Arkana  series  (Fowlkes,  et  al 
1985 )•   Noark  soils  are  classified  as  clayey- 
skeletal,  mixed,  mesic  Typic  Paleudults  and  have 
moderately  permeable,  well-drained,  cherty  silt 
loam  surface  soils.   Clarksville  soils  are  loamy- 
skeletal,  siliceous,  mesic  Typic  Paleudults  and 
are  deep,  very  cherty,  somewhat  excessively  drain- 
ed, and  moderately  permeable.   They  commonly  occur 
on  steep  side  slopes  and  ridges.   Soils  classified 
as  Moko  are  loamy- skeletal,  mixed,  mesic  Lithic 
Hapludolls  and  are  well-drained,  moderately  per- 
meable with  very  stony  surface  layers .   Arkana 
soils  are  classified  as  very  fine,  mixed,  mesic 
Mollic  Hapludalfs.   These  soils  are  moderately 
deep  and  very  slowly  permeable  soils  that  formed 
from  cherty  limestone  parent  material.   The  Noark 
and  Clarksville  series  are  the  most  common  series 
on  all  5  watersheds.   The  pH  of  the  surface  layers 
of  the  Noark  and  Clarksville  soils  ranges  from 
i|. 5  to  6.5.   In  the  Moko  and  Arkana  soils,  the 
pH  ranges  from  6.6  to  7.8.   Vegetative  cover  on 
these  soils  is  usually  trees  or  grasses  ,  which  may 
influence  pH  levels. 

Overstory  vegetation  on  the  watersheds  can 
be  classified  as  mixed  hardwoods  and  consists 
principally  of  white  oak  (Quercus  alba  L.),  red 
oak  (Q^  Rubra  L. ) ,  southern  red  oak  (Q.  falcata 
), 


STUDY  METHODS 


Field  Measurements 


velutina  Lam.),  white  ash 
,  various  hickories  ( Gary a 


Michx.),  black  oak  (Q_. 
(Fraxinus  americana  L. 

spp. ) ,  and  less  frequently  encountered  black  wal- 
nut ( Juglans  nigra  L. ) ,  eastern  redcedar  ( Juniper- 
ius  virginiana  L. ) ,  shortleaf  pine  (Pinus  echinata 
Mill.),  and  black  cherry  (Prunus  serotina  Ehrh.). 
Primary  \mderstory  species  include  dogwood  ( Cornus 
florida  L. ) ,  ironwood  (Ostrya  virginiana  Mill. ) , 
and  various  elms  (Ulmus  spp.). 

Stems  greater  than  2.5  inches  d.b.h.  averaged 
338  per  acre  on  the  three  smaller  catchments. 
About  50  percent  of  these  stems  were  saplings  (2.5 
to  U.5  inches  d.b.h.),  38  percent  were  pole  timber 
(U.5  to  10.5  inches  d.b.h.),  and  12  percent  were 
sawtimber  (greater  than  10. 5  inches  d.b.h.). 
Basal  area  averaged  91.0  ft  /acre.   Saplings  ac- 
counted for  12  percent  of  the  basal  area,  pole 
timber  for  37  percent ,  and  sawtimber  for  51  per- 
cent. More  than  half  the  stems  were  oaks  and 
they  accounted  for  two-thirds  of  the  basal  area. 

Two  of  the  small  catchments ,  WS-1  and  WS-3 , 
were  thinned  in  May  of  1979  to  60  percent  and  UO 
percent  relative  stocking  density  (Gingrich  1967), 
respectively.  Residual  basal  areas  were  approxi- 
mately 60  square  feet  on  WS-1  and  UO  square  feet 
on  WS-3.  Thinning  was  done  favoring  the  higher- 
quality  oaks  as  residual  stems  in  both  the  over- 
and  understories.   Also,  small,  \indesirable 


Runoff  from  the  3  smaller  watersheds  (WS-1, 
WS-2,  and  WS-3)  was  measured  using  2-foot  H-f lumes , 
while  3-foot  H-f lumes  were  used  on  WS-5  and  WS-6. 
Depth  of  flow  in  the  flumes  was  measured  with  FW-1 
water  level  recorders  and  converted  to  volume. 
Nearly  all  of  the  runoff  in  these  ephemeral  flowing 
streams  originates  as  subsurface  flow. 

One-liter  water  samples  were  automatically 
collected  at  stage  heights  of  0.05,  0.10,  0.20, 
0.30,  0.50,  0.75,  and  1.00  feet  in  the  flumes. 
These  stages  represent,  respectively,  discharge 
rates  of  0.01,  0.03,  0.11,  0.23,  0.62,  l.UO,  and 
2.57  cubic  feet  per  second  for. the  3-foot  fl;imes 
and  0.007,  0.02,  O.O8,  O.18,  O.5I,  1.20  and  2.25 
cubic  feet  per  second  for  t"he  2-foot  fliimes.  The 
technique  developed  by  Sartz  and  Curtis  (1967) 
allows  sampling  d\aring  the  rising  stages  only  and 
prevents  purging  after  collection.   Samples  were 
usually,  but  not  always,  collected  at  the  same 
stage  heights  in  a  given  runoff -producing  storm. 
Date  of  storm  was  recorded  for  each  sample .   Sam- 
ples were  picked  up  as  soon  as  possible  after  each 
runoff -producing  storm  and  were  stored  in  a  refrig- 
erator or  freezer  until  analyses  could  be  performed. 

Laboratory  Analyses 

All  laboratory  analyses  and  measurements  were 
performed  by  the  University  of  Arkansas  Soil  Test- 
ing Laboratory,  using  standard  methods  (U.S.  En- 
vironmental Protection  Agency  1976;  American  Public 
Health  Association  198O).  Analyses  of  all  individ- 
ual elements  were  not  made  throughout  the  entire 
study  period  due  to  lack  of  available  analytical 
equipment  or  to  insufficient  quantity  of  water 
collected.   Analyses  were  made  on  unfiltered 
samples . 

The  following  determinations  were  made  for 
each  sample,  except  where  sample  quantities  were 
insufficient:  pH,  iron  (Fe),  manganese  (Mn),  total 
phosphorus  (P),  potassium  (K),  calcium  (Ca),  mag- 
nesiam  (Mg),  sodium  (Na) ,  chemical  ojcygen  demand 
(cod),  hardness,  ammonia  nitrogen  (NH  -N) ,  nitrate 
(N0~),  carbonate  (CO  ),  bicarbonate  (HCO  ),  specific 
conductance,  and  turDidity,  All  data  are  given  in 
milligrams  per  liter  (mg/l).   Specific  conductance 
is  reported  in  jjmhos/cm  at  25°C,  and  turbidity  is 
reported  in  nephelometric  turbidity  units  (NTU) . 

Statistical  Analyses 

The  water  sample  data  were  summarized  in  two 
groups  relating  to  time  periods,  the  first  of  which 
extended  from  1973  to  early  1979  (the  pretreatment 
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period)  and  the  second  of  which  extended  from  19T9 
into  1982  (the  posttreatment  period).   These 
groups  were  analyzed  separately  iDecause  they  rep- 
resented the  "break  point  "between  the  pretreatment 
data  and  that  collected  following  the  1979  treat- 
ments "being  evaluated  in  this  study.   Data  sets 
from  both  groups  were  com"bined  to  provide  overall 
means  if  there  were  no  significant  differences 
attri"buta'ble  to  variations  among  watersheds  and 
seasons  (months).   There  were  la"boratory  analyses 
in  the  second  group  that  could  not  be  performed 
earlier  due  to  lack  of  equipment. 

The  experimental  design  called  for  a  split- 
plot  in-time  analysis,  but  an  alternative  analysis 
was  used  because  of  unbalanced  data.   Thus,  sta- 
tistical analyses  should  be  regarded  as  approxi- 
mate.  The  statistical  analyses  were  performed 
using  the  General  Linear  Models  Procedure  provi- 
ded by  Statistical  Analysis  System  Institute, 
Inc.  (1979).   Each  of  the  measured  factors  was 
considered  to  be  the  dependent  variable  in  the 
analyses.   The  model  included  watershed;  month 
that  samples  were  collected,  which  are  fixed 
factors;  and  the  watershed-month  interaction. 
Data  from  each  storm  runoff  event  provided  repli- 
cation.  The  analysis  of  variance  provided  "F" 
values  and  significance  probability  for  the  model 
and  its  soiirces  of  variation.   Only  statistical 
probabilities  of  0.01  or  less  were  considered 
significant  in  all  tests .   Differences  between 
means  were  tested  using  a  least  significant  dif- 
ference procedure  for  unequal  replication  (Steel 
and  Torrie  I960). 

RESULTS  AM)  DISCUSSION 

Several  factors  affecting  interpretation  of 
results  should  be  kept  in  mind.   First ,  due  to 
precipitation  patterns,  there  may  be  little  or  no 
runoff  from  these  ephemeral  streams  in  a  given 
month  compared  with  the  same  month  in  another 
year.   A  similar  variation  among  seasons  and  years 
is  characteristic  of  runoff  patterns.   Second, 
there  are  some  inherent  differences  in  runoff 
response  among  watersheds  that  affect  sampling 
frequency.   Watersheds  WS-3  and  WS-5  provided  the 
largest  number  of  runoff  samples.   Third,  ante- 
cedent soil  moisture  affects  the  amount  of  runoff 
and  therefore  the  amo\int  of  leaching  that  takes 
place  in  response  to  a  storm.   Thus,  previous 
leaching  may  cause  changes  in  nutrient  concentra- 
tions or  other  chemical  and  physical  properties 
of  storm  runoff.   Nutrient  release  is  known  to  be 
affected  by  soil  moisture  and  soil  temperatiire 
(Pritchett  and  Wells  1978). 

The  rather  high  variations  in  data,  due  to 
previously  mentioned  factors,  tended  to  mask  any 
potential  changes  in  nutrient  levels  associated 
with  the  thinning  treatments.   Analyses  of  pre- 
treatment data  often  showed  significant  differences 
among  watersheds,  seasons  (months),  and  the  water- 
shed-month interaction.   Where  there  were  no  dif- 
ferences among  watershed  means ,  or  where  pretreat- 
ment means  were  significantly  different ,  averages 


of  all  data  were  calc\ilated  for  the  1973-1982  o  ■ 
other  applicable  time   period    (Table   l). 

Table  1. — Average  nutrient  concentrations  in  ru  (f 
from  Ozark  watersheds  (1973-1982) 


Nutrient 

WS-1 

WS-2 

WS-3 

WS-5 

WS-f 

Fe 

0.32 

0.25 

0.38 

O.ltO 

1 
0.2  t 

Hardness 

75.33 

7i+.8l 

111.66 

89.i+l 

100.]": 

Mn 

0.05 

0.05 

0.06 

0.05 

O.Cj 

P 

0.26 

0.26 

0.17 

0.21+ 

o.s; 

K 

2.93 

1.89 

1.51 

1.69 

l;'6 

Ca 

i8.i+o 

17.i+8 

31.75 

16.1+8 

32.1^ 

Mg 

0.15 

0.18 

0.13 

0.20 

o.i.:j 

Na 

0.79 

0,5U 

0.72 

0.76 

0.7 

COD^'^ 

5.88 

12.10 

8.66 

7.89 

6.6i( 

NH  -N^' 

0.81 

1.03 

0.81 

0.69 

0.5:.' 

mf 

2.50 

2.16 

1.82 

2.11+ 

2.0t 

HCO~- 

1+9.^6 

1+0.58 

82.31 

53.1+5 

99.  li 

^-^Based  on  1973-1975  data. 
-'^Based  on  1975-1982  data. 
-'^ Based  on  1977-1982  data. 

Most   of  the   nutrient   values  were   relatively  ,1 
low  and  were   similar  to  those   from  the  Ouachita 
Mountain  Region  of  Arkansas    (Lawson   and  Hileman 
1982).      Considerable  variation   in  mean  nutrient 
levels   occurred  among  watersheds    (figs.    1,2,  and,. 
3). 
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Figure  1. — Average  concentrations  of  Fe ,  P,  Mg, 
and  Mn  in  runoff  from  Ozark  watersheds 
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Figure  2. — Average  concentrations  of  NH  -N,  NO  , 
Na,  and  K  in  runoff  from  Ozark  watersneds 
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igtire  3. — Average  concentrations  of  Ca,  hardness, 
HCO  ,  and  COD  in  runoff  from  Ozark  watersheds 

atershed  WS-3  tended  to  have  lower  Mg  and  P  lev- 
s,  while  WS-3  and  WS-5  had  higher  Fe  levels, 
janganese  and  Na  concentrations  were  similar  among 
atersheds.   Watersheds  WS-3  and  WS-6  had  the 
ighest  levels  of  Ca,  bicarbonate  (HCO~),  and  total 
irdness.   These  differences  are  believed  to  re- 
Lect  variations  in  soil  parent  materials  in  the 
itersheds.  Watershed  WS-6  especially  has  a  sub- 
':antial  area  of  Moko  soils  in  the  lower  part  of 
le  watershed  with  some  outcrops  of  limestone. 
jiese  soils  are  known  to  have  higher  pH  levels  in 
le  upper  horizons  (Fowlkes,  et  al  1985).   High 
.carbonate  levels  are  consistent  with  the  mineral- 
:ation  of  limestone.   The  more  unstable  CO~~was 
)t  detected  in  analysis  of  numerous  samples.   The 
vels  of  HCO  found  in  this  study  are  higher  than 
lose  reported  by  Lawson  and  Hileman  (1982 )  and 


Lewis  and  Grant  (l9T9)-   Nitrate  IN0~)  levels 
were  significantly  different  among  watersheds  and 
months,  with  a  significant  interaction  between  the 
two  factors.   Watershed  WS-3  (heavy  thinning)  had 
the  lowest  level  while  WS-1  (moderate  thinning)  had 
the  highest  level  of  N0~.   These  concentrations 
were  slightly  lower  than  those  found  in  the  runoff 
in  the  Ouachita  Mountains  (Lawson  and  Hileman  1982 ). 

Ammonia  nitrogen  (NH  -N)  varied  significantly 
among  watersheds  dirring  the  posttreatment  period, 
with  WS-2  having  the  highest  level  at  0.78  mg/1. 
Dififerences  before  treatment  were  larger  and  not 
significant,  but  were  based  on  fewer  samples.  The 
posttreatment  differences  among  watersheds  appear 
to  be  due  to  inherent  characteristics  of  runoff 
rather  than  to  the  effects  of  thinning.   Organic 
matter  and  vegetation  differences  could  be  influenc- 
ing nitrogen  and  COD  levels .   The  COD  levels  were 
somewhat  higher  on  WS-2  than  on  the  other  water- 
sheds . 

Potassium  showed  significant  differences  among 
watersheds  during  the  posttreatment  period,  but  not 
during  the  pretreatment  period  (fig.  2).   However, 
the  response  does  not  appear  to  be  the  result  of 
thinning  since  the  lightest  thinning  had  the  highest 
level  of  all  watersheds.   A  significant  difference 
among  months  was  also  found,  but  it  was  judged  to 
be  more  the  result  of  sample  frequency  differences 
rather  than  true  seasonal  effects. 

Some  nutrients  in  runoff  were  found  to  vary 
significantly  among  months  of  the  year,  thus  show- 
ing seasonal  trends.   Iron  concentrations'  in  run- 
off were  highest  in  February,  decreasing  to  a  low 
in  summer  and  increasing  in  early  winter  (fig.^). 


Figure  h. — Seasonal  changes  in  average  Fe  concen- 
tration in  runoff  from  five  Ozark  watersheds 
(1973-1982) 

Manganese  varied  significantly  among  months  with 
the  highest  levels  in  March  and  October  and  the 
lowest  levels  in  July  and  January  (fig.  5).  Ths 
lower  svunmer  levels  may  be  the  result  of  lower 
solubility  during  periods  of  low  soil  moisture. 

The  pH  of  runoff  varied  significantly  among 
watersheds  during  the  pretreatment  period  (1973- 
1979),  but  not  during  the  posttreatment  period. 
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Figure  5« — Seasonal  changes  in  average  Mn  concen- 
trations in  rvmoff  from  five  Ozark  watersheds 
(1973-1982) 

Watersheds  WS-1  and  WS-2  had  the  lowest  mean  pH 
while  WS-3  and  WS-6  had  the  highest  levels.   The 
highest  pH  levels  on  WS-3  and  WS-6  are  consistent 
with  the  greater  Ca,  hardness,  and  HCO   concen- 
trations previously  discussed.   The  higher  pH 
levels  in  runoff  from  WS-3  and  WS-6  also  reflect 
differences  in  soils  on  the  watersheds.   Signifi- 
cant differences  among  months  were  found  to  occur 
in  hoth  periods .   Comhined  data  showed  that  the 
highest  pH  levels  occurred  in  late  winter  and  the 
lowest  levels  in  late  summer  (fig.  6). 
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Figure  6. — Seasonal  changes  in  average  pH  of  run- 
off from  five  Ozark  watersheds  (1973-1982) 

Soil  pH  levels  are  kno'vra  to  show  seasonal  trends 
(Keogh  and  Maples  1972).   Runoff  from  forested 
areas  generally  occurs  as  lateral  flow  in  the 
upper  porous  soil  layers  and  rarely  as  overland 
flow.   Thus,  changes  in  soil  chemical  properties 
are  likely  to  be  reflected  in  corresponding  changes 
in  the  properties  of  runoff  water.   The  number  of 
storm  events,  especially  runoff  events,  is  usually 


lower  during  the  late  summer  and  early  fall,  re- 
sulting in  less  leaching  of  soils.   Organic  maM- 
in  soils  would  likely  be  lowest  in  late  summer  n 
early  fall,  with  accumulation  beginning  in  the 
fall  followed  by  increased  weathering  as  soil  i:; 
ture  levels  increase . 

Specific  conductance  values  from  the  5  wa1;- 
sheds  showed  large  variation  during  the  pre-  ar  1, 
posttreatment  periods  (Table  2). 

Table  2. — Average  pH,  specific  conductance  and 
turbidity  of  runoff  from  Ozark  watersheds 


pH- 


Item 
1/ 


WS-1     WS-2        WS-3 


WS-5 


6.81     6.78       7.11         7.01 


7.  I 


2/ 


Conductance—     III4.9     83.5     I66.I       110.0       I87. 
(iimhos/cm) 


3/ 
Turbidity^ 

(NTU) 


17.5      23.2        20.1+ 


36.5 


12. 


|-^Based  on  1973-1982  data.  X 

-^Based  on  1975-1982  data.  ^ 

-Based  on  1977-1982  data. 

Watersheds   WS-3   and  WS-6  had  the   highest    specifjlj] 
conductance  levels   and  WS-2  the  lowest.     The  dill- 
ferences  are  apparently  not  related  to  the  thin- 
ning treatments   since  watershed  means  were  founc-, 
to  follow  the   same  pattern  during  both  periods. 
Specific   conductance   is  probably  reflecting  the  •> 
greater  mineral  content,  particularly  Ca,  HCO_, 
and  total  hardness,   in  runoff.      The   specific  con- 
ductance values   from  these  watersheds  are  much 
higher  than  those   fo\ind  in  the  Ouachita  Mountain 
where  sandstone  and  shale  parent  materials  preva  '. 

Data  on  turbidity  of  runoff  was  too  limited 
during  the  posttreatment  period  to  show  valid 
treatment  effects.      Analyses  of  the  data  for  the 
I977-I982  period  showed  significant  differences  w 
among  watersheds  and  months.      Turbidities  from    i 
undisturbed  WS-5  were  highest  while  those  from    t 
WS-6  were  lowest    (Table  2).      Turbidity  levels  in 
runoff  showed  significant   seasonal  trends    (fig.  '  )j 
The  January  NTU  value  of  9-0  was  based  on  only 
four  samples   and  was  not   included  on  the  graph.      , 
The  highest  turbidity  levels  were  reached  in  earl  /j 
winter  and  declined  from  late  winter  to  late  sum- 
mer.     These   seasonal  trends  are  believed  to  re- 
flect the   increased  storm  runoff  patterns   in  late 
fall  and  early  winter  which  would  tend  to  erode 
loose  materials,  especially  in  stream  channels. 
The   fact  that  turbidities   are  affected  by  other 
impurities,   such  as  organic  matter,   should  be 
kept   in  mind  when  assessing  results. 
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gure  ?• — Seasonal  changes  in  average  turtidity 
of  rimoff  from  five  Ozark  watersheds  (1977-1982) 


SUMMARY 

Much  of  the  nutrient  data  tended  to  be  highly 
riahle,  thus  requiring  greater  differences  or 
re  samples  to  be  significant.   Nutrient  levels 

runoff  are  naturally  highly  variable ,  due  to 
,e  complex  interactions  affecting  their  presence, 
this  study,  differences  in  nutrient  levels  due 
li  the  thinning  treatments  were  not  discernible 
1  cause  of  natural  differences  in  watersheds  or 
1  cause  of  strong  interactions  between  watersheds 
d  seasonal  effects.   Only  K  and  NH  -N  showed 
gnificant  differences  among  watersheds  during 
1e  posttreatment  period,  but  these  were  judged 

be  the  result  of  catchment  characteristics 
:jther  than  treatment  effects  because  undistrubed 
i'eas  or  the  lightly  thinned  watershed  had  the 
('eater  levels.   In  New  England,  Martin,  et  al 
H98U)  found  that  even  clearcutting  generally  re- 
dlted  in  small  differences  in  stream  chemistry 
ven  compared  to  uncut  watersheds  representing  a 
Trde  variety  of  soils  and  forest  types. 

Iron,  Mn,  pH,  and  turbidity  in  this  study 
Epwed  seasonal  differences,  with  levels  generally 
ting  lowest  during  late  summer  and  early  fall  and 
Ighest  during  winter  and  spring  months. 

I 

I   Overall  levels  for  most  nutrients  in  runoff 

ipm  the  5  watersheds  were  generally  within  the 

Inge  of  those  reported  in  other  areas  (Douglass 

8i  Swank  1975;  Hewlett  1979;  Lawson  and  Hileman 

132;  Peterson  and  Rolfe  I982).   However,  some 

rtrient  levels  and  chemical  characteristics  such 

a  Ca,  HCO-,  and  specific  conductance  reflected 

g3logic  conditions  in  the  area. 

The  baseline  data  provided  in  this  study  will 
t  useful  for  estimating  nutrient  yields  and 
oier  chemical  and  physical  properties  of  runoff 
fM  similar  watersheds  within  the  geologic  region. 
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HYDROLOGIC    EFFECTS   OF   COMPLETE  AND  CONVENTIONAL   HARVEST 
0?    LOBLOLLY    PINE   BIOMASSJ_/ 
S.    J.    Ursic2/ 


Abstract. — Loblolly   pine   plantations   were   established 
on   four    small   calibrated    catchments    to   determine   their 
effect    on  stormflow  volumes    and    sediment   yields.      They   were 
clearfelled  with  minimum  site   disturbance   during    their    16th 
field-growing   season.      Harvesting    treatments    included    two 
replicates    of    removing    the   above-ground    biomass   and   of 
removing    only    the  merchantable    stems.      Statistical 
comparisons    of    stormflow  volumes    as    the   pine   developed   and 
after  harvest   were   based    on   calibrations    developed  with 
control   catchments   before    the   pine  was   planted.      Stormflow 
volumes    for   two   catchments   of    pine   formerly    in   depleted 
hardwoods   were  decreased    an  average    of    83   percent   after 
plantation  ages    12  or   13.    As  much   as  half   of    the  decreases 
were  retained   during   the   2-year  postharvest   period.      For  two 
catchments   of    pine   established    on  more   severely-eroded 
old-fields,    decreases    of    stormflow. volumes,    averaging    about 
50  percent   after   pine   age    8,    were   largely   attributed    to 
increased    interception  of    rainfall   by   the   pine.    After 
harvesting,   stormflow  volumes   for   these  catchments   returned 
to,   or  exceeded,    preplanting    levels.      The  erosion-history  of 
the   catchments   overshadowed    any   differences   due    to    the 
harvesting    options.      The   developing   pine   on  all   catchments 
reduced    sediment    concentrations    and  yields    to    base    levels, 
and   postharvest   increases    of    sediment    concentrations    at    the 
gaging  points   were   short-lived.      However,    with   increases    of 
rates   and   volumes   of    flow  after  harvesting,   part   or  all  of 
the   improvement   of    water  quality    in  downstream  sand    channels 
achieved   by   the   pine  was   probably  nullified.      Except   for   a 
slight   increase    in  potassium  export    in   stormflows,    chemical 
water  quality    was   unaffected.      Pole-size    loblolly 
plantations    established    on   eroded   hilly   Coastal    Plain   sites 
can  be   harvested  with  minimum  impact    on   chemical  water 
quality    and   site   productivity.      But    such   plantations, 
especially   those  planted   on  severely-eroded  old-fields,   are 
not    candidates    for   early   clearfelling  where   reductions    of 
downstream  sediment    concentrations    to    improve   water  quality 
and   decreases   in  stormflow  volumes    to   reduce   small-area 
floods   are  important. 


y    Paper   presented    at   Third   Biennial 
(Outhern  Silvicultural   Research  Conference, 
Ltlanta,    Georgia,  November  7-8,    198A. 

1/   Principal   Research   Hydrologist,    USDA 
'orest  Service,    Southern  Forest  Experiment 
tation.   Forest  Hydrology  Laboratory,    Box   947, 
ixford,   MS  38655. 


INTRODUCTION 

Three   developments   of    national    concern 
prompted   the  research   reported   in  this   paper. 
The   energy   crisis   focused   attention   on   forest 
biomass   as   an  energy   source.      The  National 
Forest  Management  Act   mandated    that   national 
forests  would  be  managed   to  maintain  and   improve 
site  productivity.      A  corollary  legislated 


565 


concern  was   the  protection  and    improvement   of 
the  quality   of    the   Nation's   waters    (Public   Law 
92-500). 

The   research    sought   to   determine   the   ef- 
fects  of    total    harvest   of    the   above-ground    tree 
biomass   of    southern   pine   (hereafter,    complete 
harvest),    and   of    conventional    clearcut    harvest 
or   removal    only   of  merchantable    stems    (conven- 
tional   harvest).      Hydrologic   behavior   including 
stormflow  volumes,    sediment    concentrations    and 
yields,    and    chemical  water  quality    was   evaluated 
during    the   development   of    the   pine   and    after 
harvest.      Effects  on  site  productivity   were 
surmised. 


STUDY   AREA 

Three   small   contiguous    catchments   with 
poor-quality    hardwoods    and    three   abandoned -field 
catchments   with  a  grass-forb   cover  were   instru- 
mented   in   1958,    planted    to    pine   in   1964,   and 
harvested    in    1979.      Pertinent    characteristics    of 
these   northern  Mississippi,    Coastal   Plain  sites 
are  summarized   in  table    1. 

The    silt-loam  soils,    mapped   primarily    in 
the  Providence   series    (fine,   silty,  mixed 
thermic,    Typic   Fragiudalf s) ,    were   developed    in 
loess   deposits   on   ridge    tops   and  upper   slopes. 
The  loessial   soils  grade   into  Ruston  sandy  loam 
(fine,   loamy,    silicious,    thermic,   Typic 
Paleudults)   on   the  mid-to-lower   slopes. 

Providence   soils    have    a   fragipan  that   par- 
ches  water  during    the   dormant   wet   season.      Due 
to   past   erosion  of    the   catchments,    the   pan   is 
closer  to   the  soil   surface   than  its   original 
depth  of    18   to   24  inches.      Water-storage   oppor- 
tunity   in  the   soil   profile   above   the  pan  is  a 
major  factor  in  determining   the  occurrence  and 
magnitude    of    stormflows,    especially    for   the  more 
severely-eroded   old-field  catchments. 

Prior   to   treatment,   vegetative   cover  on  the 
abandoned    fields    consisted   primarily   of    bluestem 


grasses  (Andropogon  spp.),  whose  ground-leve], 
basal  area  covered  an  average  of  14.5  percent: 
the   three  catchment   areas. 

The   hardwood   cover   at    the   time   of    initij 
treatment   consisted   largely  of   post   oak   (Quei 


stellata  Wangenh.),  hickories  (Carya  spp.),  s 
blackjack  oak  (Quercus  marilandica  Muenchh.). 
The  completely  inventoried  stands  contained  i. 
average  of  215  trees  per  acre  larger  than  0.5 
inch  d.b.h.;  half  the  trees  were  cull.  Basal 
area  per  acre  averaged  52  square  feet,  23  sqt 
feet   of   which  were   cull. 


TREATMENT 


Two  of    the   three  catchments   in  each   covei 
type — hardwood   and   abandoned -field — ^were   init 
ally   treated    in  December   1963.      Treatment   of 
two   hardwood  units    consisted    of    a   slow  backfi 
followed   by  under-planting   loblolly   pine  (Pini 
taeda   L. )    at   a   6x6-foot    spacing.      The   hardwood 
overstory  was   treated   in  May    1964  by   injectinji 
undiluted    2,4-D  amine   into    the   bases   of    all 
stems    1   inch   d.b.h.   and   larger.      Remaining   st 
were  cut   and   the   stumps  mopped  with  a  mixture 
2,4-D  and   2,4,5-T  in  diesel   fuel   in  early   Jun 
19  64.      Treatment   of    the   two  old-field   catchmei^! 
consisted   of   a  hot   backfire   in  December   1963. J 
Loblolly   seedlings   were   planted   on   the   four 
treated   catchments   in  March    19  64. 

Burning   in  these   studies  was  an  ancillar 
treatment.      The   burning   effects    could   be 
isolated   because   the   planted   pine  had   negligi 
hydrologic   influence  during   the   first   few  yea 
The  hypothesis  was   that   burning  would   increas 
stormflow  volumes   while    the   postulated    long-t!| 
effects   of    planting   pine  would   be   decreased 
flows.      Instrumentation,   the  details   of    the 
stormflow  analyses,   and   results   of    the   initia 
treatments   have    been   reported    (Ursic    1969, 
1970).      Stand   descriptions   of    the  plantations 
after    15  field-growing   seasons   are  given  in 
table   2. 


Table    1. — Physical   characteristics   of    study  catchments 


Original 
cover 
type 


Grass 


Hardwoods 


Drainage 

So 

lis 

Range 

Coastal 

in 

Treatment 

area 

Loessial 

Plain 

elevation 

Acres 

Percent 

Percent 

Feet 

None  (Control) 

2.62 

64 

36 

44 

Complete  harvest 

2.65 

100 

0 

37 

Partial  harvest 

2.43 

25 

75 

49 

None  (Control) 

2.56 

65 

35 

49 

Complete  harvest 

2.12 

34 

66 

58 

Partial  harvest 

2.13 

100 

0 

44 
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Table    2. — Descriptions    of    the    15-year-old   loblolly   pine   plantations 


Catchment 

Height 

d.b.h. 

Trees 
per  acre 

Basal   area^' 

Volumes 

Feet 

Inches 

Number 

Ft2/acre 

Rough   cords 

History — Old   fields 

Sandy   loam 
Silt    loam 

41 
42 

5.4 
5.3 

1,077 
1,044 

171  (148) 
163  (147) 

30 
30 

History — Hardwoods 

k 

Sandy  loam 
Silt    loam 

42 
43 

5.4 
5.6 

1,037 
906 

163  (148) 
147  (129) 

30 
26 

1/Five-inch   d.b.h.    class   and    larger   in  parentheses 


The  pine  stands   were  harvested   during   their 
16th  growing   season.      The   four    catchments   were 
clearcut   and    the   slash  treated    between  mid-June 
and    the  end   of    October.      All   stems   were   cut   with 
a  chain   saw,   delimbed ,    cut    into   bolts,    and 
loaded   on  bob-tailed    trucks.      On   the 
conventional -harvest   catchments,    the   slash  was 
chipped  using   an  electric    power   company   chipper 
and  was  uniformly  distributed.      Slash  on  the 
complete-harvest   catchments  was   removed.      The 
objective  was   to    include    the   extremes    of 
removing   all   slash  and   of    leaving    all   slash; 
but,   because   of    rapid    drying    and    breakage,    some 
of   the  foliage   and   small  branches  were  left 
onsite  so   that   the  complete-harvest   treatment 
was  not   as   complete  as   intended. 


'  The  harvested    catchments  were   replanted 

with  loblolly   pine  without   further  site 
breparation  and   hydrologic  measurements 
^  Icontinued   for  about    2  years   when  4   of    the   6 
^atchments,    including    the   old-field  and   hardwood 
;ontrols,   were  destroyed   by  road   construction. 


ANALYSES 

The  paired   catchment   approach  was   used   for 
nalyses   of    individual   stormflow  volumes   and 
their  characteristics    (Ursic   and   Popham   1967). 
pe  performance  of   each  of    the  two   treated 
catchments   in  each   study  was   compared   to   that   of 
*  common  undisturbed   control  catchment   by 
iovariance  analyses.      Details   of    the  stormflow, 
nterception,   and   other  analyses   for  the  first 
5  years   after  pine  was  established   on  the 
I  ard wood -hi story  catchments  have   been  reported 
jUrsic    1982).      Results  for  these   catchments 
eported  here  are  slightly  revised  due    to   the 
ddition  of   data  collected   during   part    of    the 
6th  year  before  harvest. 

An  initial   objective   of    the   research  was   to 
etermine  the  effects  of   establishing  pine  on 
tormflow  volumes.      Reduction  of    flood  flows  was 
nd  still  is  an  important   problem  in  northern 


Mississippi   as    it   is   over  much   of    the   hilly 
Coastal    Plains.      While    it   is   possible    to   compare 
the   postharvest    results   with  calibrations 
developed    for   the   last   discrete   periods    before 
harvesting    the   pine,    I   chose   to   make   all   compar- 
isons   with   the   original    calibrations,    i.e.,   when 
the   respective    catchments   had   hardwood   or  grass 
cover.      This   approach  will   allow  me    to   address 
three   questions.      First,    "What   were   the   effects 
of    establishing   pine?";    second,    "What   were   the 
effects  of    the   clearfelling   treatments?";   and 
lastly,    "How  did    the   postharvest   performances 
compare   to    those   of    the   original   hardwood   and 
grass   covers?". 

Although  replication  of   the   two  harvesting 
treatments   is   implied,   i.e.,  biomass  on  the   four 
catchments   was    similar,    treatments   were   con- 
founded  by   soil    differences    and,   as   will   be 
shown,   especially  by    the   prestudy   history. 

Chemical -water-quality    and   sediment- 
nutrient   data  were  subjected   to   analysis   of 
variance   and    t-tests.      All   statistical    compari- 
sons   in  the  study  were  at  the  0.05  level  of 
confidence.      Changes    in  sediment    concentrations 
and  yields   during   the  full   course   of   the  study 
were  generally  distinct,   and   comparisons  were  of 
ratios    and   means.      Site  and   vegetation  variables 
were  measured   periodically. 


RESULTS  AND  DISCUSSION 

Stormflow  Volumes 

Old-Field   History   Catchments 

Complete- Harvest,    Silt-Loam   Catchment. — 
Stormflow  volumes   during   plantation  ages    9.5-15. 
decreased   an  average    of    0.14   area-inch    (AI)    per 
storm    (table    3).      The   reduction  was   best   ex- 
pressed  as   a   constant    for  all   events    regardless 
of    size.      The   reduction  of    20.2  AI   during    this 
6-year  period  was   42  percent  of    the  flow  pre- 
dicted. 
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Stormflow  volumes   during   the   2-year 
postharvest  period  increased   4.1  AI  and 
represented   a  23-percent   increase  when  compared 
to   the   original   grass   cover.   Nine   of    39   storms 
had   significant   increases   averaging   0.55  AI  and 
ranging  up  to    1.0  AI.      These   results,   as   for  all 
catchments,   are   for  what   is  probably  minimum 
disturbance  of    the   site  during  harvesting 
operations. 

Conventional -Harvest,    Sandy-Loam  Catchment. 
Stormflow  volumes   decreased   7.0  AI  during  pine 
ages   9.5-15.5  for  a  reduction  of    55.3  percent 
(table   3).      Flow  volumes   were  significantly  less 
than  expected   for  all  events  predicted    to  yield 
0.25  AI  or  more  with  the  reductions    trending 
directly  with  stormflow  size   (fig.    1). 

Stormflow  behavior  in  the  postharvest 
period  reverted    to   levels  measured   during   the 
time   the   catchment  had   a  grass   cover.      The 
1960-63  calibration  and    1979-81    postharvest 
equations   were  almost   identical.      Clearly,   all 
the  flood  prevention  benefits  achieved  by   the 
pine  were  lost  during   the  2-year  postharvest 
period  for  both  catchments  with  the  old-field 
history. 

Hardwood  History  Catchments 

Conventional -Harvest,    Silt-Loam  Catchment. - 
Stormflow  volumes  gradually  declined   as   the  pine 
developed  and   decreased   20.4  AI  during  pine  ages- 
13-15.5  years,   a   79-percent   reduction  from 
predicted    (table    3).      Volumes   were   significantly 
decreased   for  all  events   predicted   to  yield  0.25 
AI  or  more.      The  reductions  varied   directly  and 
positively  with  stormflow  size   and   ranged  up  to 
1.7  AI   (fig.    2). 


Compared  to  the  original  hardwood  cover 
stormflow  decreases  continued  after  harvest 
were  not  as  large.  Volumes  decreased  4.8  AI 
a  41-percent  reduction.  Flows  were  signifi- 
cantly less  than  expected  for  all  events  pre 
dieted  to  yield  more  than  0.5  AI  with  decreasi 
ranging  up  to    1.1  AI. 

Complete-Harvest,  Sandy-Loam  Catchment. - 
Total  stormflow  decreased  14.0  AI  during  pinee 
ages  12-15.5,  an  87-percent  reduction  from  th 
predicted  (table  3).  Here,  too,  flows  were 
significantly  less  than  expected  for  all  ever: 
predicted  to  yield  0.25  AI  or  more.  Decrease 
varied  directly  with  stormflow  size  and  range'? 
up  to    1.0  AI   (fig.    2). 

Stormflow  reductions   continued  during   thh 
postharvest  period.      A  total   decrease  of    3.9 
represented   a  58-percent   reduction.      All  flow« 
predicted   to  yield   0.25  AI  or  more  were 
significantly  decreased.      The  decreases 
continued   to   trend   directly  with  stormflow  sil 
and  measured  up  to   0.8  AI. 

Overall,   the  erosion-history  of   the 
catchments  had   a  greater  influence   than 
differences   lietween  the  harvesting   treatments 
The  maximum  absolute  reductions   in  annual  andd 
individual   stormflow  volumes  were  obtained   byy 
replacing  hardwoods   with  pine  on  moderately 
eroded,   silt-loam  soils.      Of   importance   to 
management    for   flood  prevention   is   that  maximal 
reductions    of    individual    flows    for 
moderately-eroded  soils   were   twice  as  great  ait 
for  similar  but  more  severely-eroded  soils. 


Table   3. — Total   changes   of    stormflow  volumes 


History — Hardwoods 


History — Old  Fields 


Treatment 


Changes    ^ (Y-Y) 
as   percent 
of    predicted    ^' 


Treatment 


Changes    ^ (Y-Y) 
as   percent 
of    predicted    ^' 


13-15.5 

-79 

SILT  LOAMS 

9-15.5 

-42  3/ 

Conventional 
harvest 

-41 

Complete 
harvest 

+23 

12-15.5 

-87 

SANDY  LOAMS 

9-15.5 

-55 

Complete 
harvest 

-58 

Conventional 
harvest 

+  8  n.s. 

J_/ Comparisons  with  1958-63  calibrations. 
2/ Comparisons  with  1960-63  calibrations. 
3/Change   in  level.      Adjusted   difference   0.14  area-inch  per  event. 
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OLD-FIELD  HISTORY  CATCHMENTS 
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Figure  1. --Significant  changes  of  stormflow  volumes  by  size-class  for  pine  plantations  established 
on  old-field  catchments.     Numerals  on  histograms  indicate  number  of  events. 
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Figure  2.— Significant  changes  of  stormflow  volumes  by  size-class  for  pine  plantations  established 
to  replace  depleted  upland  hardwoods.  Numerals  on  histograms  indicate  number  of  events. 
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Stormflow  behavior   of    the  hardwood-history 
catchments   during    the   2  years    after  harvest  was 
comparable    to    that   at   pine   ages   9   to    12  years 
during  which    total    stormflow  volumes   were 
decreased   about    60  percent.      In   contrast, 
stormflow  behavior   on   the   grass-history 
catchments   reverted    to    the   behavior  before   the 
catchments   were   planted    to    pine;    i.e.,   all 
benefits   were   lost. 

Interception   Effects   on   Stormflow  Changes 

Old-Field   History   Catchments 

During   pine   ages    9-15.5,    increased 
interception  of    rainfall   by    the   developing   pine 
plantations    could   account    for   all   the 
significant   decreases   of    stormflow  volumes    from 
the   sandy-loam   catchment,    and  with  a  few 
exceptions    those   from   the   catchment   of    silt-loam 
soils.      In   the   postharvest   period,   hydrologic 
behavior   of    the   sandy-loam,    conventional -harvest 
catchment    reverted    to   old-field   conditions.      For 
the   silt-loam,    complete-harvest   catchment, 
significant   postharvest  increases   of    stormflow 
volumes   exceeded  decreases   of    interception, 
indicating    the   additional    effect    of    harvesting 
disturbance.      Clearly    this   worst-case   example    of 
severely-eroded,    silt-loam  soils   with   restricted 
soil   drainage    emphasizes    such   sites   are   not 
candidates   for  early  clearfelling  where 
stormflow  reductions    are   important. 

Hardwood   History   Catchments 

All   significant   decreases    in  stormflow 
volumes    after   plantation   age    9  years    for   the 
sandy-loam   catchment   and    age    12   for   the 
silt-loam  catchment  were  greater   than  the 
estimated    increases    in   interception.      During 
pine   ages    12-15.5  years    for   the   sandy-loam 
catchment   and    13-15.5  years    for   the  silt-loam 
catchment,    decreases   of    stormflow  volumes    not 
attributed    to    interception  accounted    for   29   and 
51   percent   of    the   respective    significant 
decreases    totaling    13  and    18   area-inches.      The 
latter   figures    represent    93   and    88  percent   of 
the   total    stormflow  volumes   during   these 
intervals . 

During   the   postharvest   f)eriod  significant 
increases   of    stormflow  volumes    for   the 
sandy-loam,    complete-harvest   catchment   were   all 
less   than   the   decreases    in   interception.      For 
the   silt-loam,    conventional -harvest   catchment, 
three   stormflow  events   in   the    first   few  months 
after  harvest   had    increases    in  excess   of 
interception  decreases   despite  much   of    the   slash 
remaining   onsite.    However,    for  al-1   eight   events 
with  significantly    increased    flows    totaling    3.5 
AI,   during   the  postharvest  period,   the  decrease 
in   interception   could   account   for   3.3  AI.      Thus, 
stormflow  reductions    not    attributable    to 
interception   changes    in  the   preharvest   period 
were   largely   retained   for  both  of    the 
hardwood-history   catchments  during   the 
postharvest  period. 


Sediment 

Sediment  is  the  most  important  threat  f.i 
pollution  of  Coastal  Plain  waters.  A  liabili 
in  itself,  sediment  also  accounted  for  about 
thirds  of  the  phosphorus  and  nitrogen  export 
from  the  study  catchments  by  water.  Similar 
results  were  obtained  from  previous  studies 
the  area  (Duffy  et  al .  1978,  Schreiber  et  al 
1980).  In  the  context  of  water  quality,  sed 
concentration  is  the  most  appropriate  expres 
sion.  Comparisons  of  concentrations  and 
sediment  yields  were  limited  to  complete  dat 
sets   for   the   three  catchments   of   each  histor 

Sediment   Concentrations 

Hardwood    History   Catchments. — Fol lowing ^ 
moderate   increases    after   burning,   maximum 
reductions    of    sediment   concentrations   were 
achieved   during    the   first    5  years    after   pines 
established.      Annual    discharge-weighted 
concentrations    for   the    two    treated    catchments 
averaged    0.006  and    0.007   ton/AI   of    flow  duriii: 
pine   ages    5-15.      These   values    conform   to    thai 
0.007   ton/AI   previously   postulated    as    the 
base-line   level  for  small   catchments   of 
not -recently-disturbed   southern  pine   types 
(Ursic    1977).      The   concentrations    represent 
contributions    from   the   forested    slopes    and 
channels.      They   do  not    include    sediment   which 
may   come    from   roads    or   other   sources. 

Harvesting   did    not    increase   sediment 
concentrations   from  the   complete-harvest, 
sandy-loam   catchment.      Postharvest 
concentrations    for  the  conventional -harvest, 
silt-loam   catchment    increased    4-fold   from  the 
base-level,   but  much   of    the   increase  occurred 
during   the  first   2  months  after  harvesting  wa 
completed.      Concentrations    during    the   next   ye 
(calendar  year   1980)    fell  to   0.009   ton/AI.      1 
harvesting   had    only   a   slight   and   temporary 
effect   on  sediment   concentrations   for  this 
catchment   and   none   for   the   complete-harvest, 
sandy -loam   catchment   where   the   highest 
concentration   for   an  event   was   only   0.008 
ton/AI.      Annual    concentrations    for   the 
hardwood-control   catchment   during    the   full 
duration  of    the   study   averaged   0.018    ton/AI. 


Old-Field   History    Catchments. — Compared 
the   calibration  period,    sediment    concentratio  .! 
for   the   old-field  history   catchments   increase 
considerably  during    the   first   year  after   the 
burn.      Concentrations   for  the  silt-loam 
catchment    increased    from   0.004   to    0.063   ton/A 
A  44-fold   increase   from   0.01    ton/AI   for   the 
sandy -loam   catchment   was   due    to    the   react ivat:< 
of    an   old   gully.      The   concentrations    returned  t 
calibration  levels   in  1  to    3  years.      Concentr. 
tions    averaged   0.001   and    0.002   ton/AI   during 
pine   ages    10-15,    these   very   low  rates    being  f( 
tered    by    the  healing   of    the   channels    and   dense 
growth  of   honeysuckle   in  sections   of    the 
channels . 
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Sediment   concentrations    increased    to 
calibration   levels   during    the   2-year   postharvest 
period  with  most   of    the    increase   due    to   higher 
concentrations   during    the    first   4  months   after 
cutting.      Concentrations    4  months   after 
harvesting   fell   to    below  0.007   ton/AI.      However, 
with  rates    and   volumes    of    flow  reverting    to 
calibration   levels,    decreases    of    sediment 
concentrations    in  downstream  sand    channels 
achieved   by    the   pine  were   probably   nullified. 
Annual   concentrations    for   the   old-field   control 
catchment   during    the   entire   course   of    the   study 
averaged   0.032  ton/AI. 

Sediment  Yields 

Sediment   yields    are   the   product    of    sediment 
concentrations    and   volumes    of    flow  plus   any 
sediment   deposited    in   the   approach    section  above 
the  measuring   flume. 

Hardwood   History   Catchments. — The    rela- 
tionship  of    annual    sediment    production  among 
watersheds   was    fairly   consistent    during    the 
calibration  years.      Mean  yields    from   the 
i sandy-loam   catchment    (0.15   ton/acre)    were 
approximately    twice   those   from   the   control, 
while   the  yields    from   the   silt-loam  unit 
approximated    those   from   the   control.      These 
ratios   were  applied    to   predict    yields    in   the 
posttreatment   years,    and    the   increases   were 
calculated   as  measured   minus   predicted    values. 
Sediment   yields    from   the   complete-harvest, 
sandy-loam   catchment    increased    for   2  years    and 
then  decreased   about    90   percent   during   pine   ages 
4-15.      Yields    from   the   conventional-harvest, 
^silt-loam  catchment    relative    to    the   control 
i|roughly  doubled   for   3  years    and    then  decreased 
bout   70  percent   during   pine   ages   4-15. 

Harvesting   did    not    increase  yields    from   the 
:omplete-harvest,    sandy-loam   catchment.      Due 
30th  to   higher   sediment    concentrations    and    flow 
increases,    it    slightly    increased   yields    from   the 
conventional-harvest,    silt-loam   catchment, 
ponsidering   the   two   catchments   as    part    of    the 
general   landscape   of    sandy-and   silt-loam  soils, 
sediment   yields   during    the   approximate    2-year 
postharvest   period  averaged    less    than   0.1 
con/ acre/year. 

Old-Field   History   Catchments. — After  yields 
)f   0.8   ton/acre    for   the   silt-loam   catchment   and, 
,lue   to   reactivation  of    a  gully,    2.9    tons/acre 
^;or  the   sandy-loam  unit   during    the   first   year 
ifter  burning,    sediment   yields   dropped 
pastically  during  pine  ages   3-15  to  averages   of 
bout   0.01   ton/acre. 


The   complete-harvest,    silt-loam   catchment 
reduced   0.14   ton/acre   during    the   first   4  months 
fter  harvesting  was    completed    in  August    1979; 
ut   the   rate  decreased    to    the   calibration  mean 
f  0.05  ton/acre  during   the  next   year  (1980). 
lelds   were   not    increased    from   the   sandy-loam 
atchments.      Annual  yields    for   the   control   catch- 
ent  during    the   full   duration  of    the   study 


averaged    0.13   ton/acre.      Compared    to    the 
calibration  period,    yields    from   the  untreated 
control   catchment   decreased   during    the   course   of 
the   study,    while   yields    from   the   hardwood 
control   did   not    show   this    trend.      However, 
annual  yields    for   the  entire   course  of    the 
studies   averaged    0.14   ton/acre   for   the   hardwood 
control  and   0.13  ton/acre  for   the  old-field 
control. 

Chemical  Water   Quality 

Chemical  water   quality    was   determined    from 
stormflow  samples,    and    from  samples   of    the   soil 
solution   collected    in    16   pairs    of    tensionless 
lysimeters    set   6   inches    below   the    soil    surface 
and    installed    to    sample    the   combinations    of    two 
replicates,    two    soils    and    four    treatments.      The 
fourth   treatment    consisted   of   unharvested 
15-year-old   pine   adjacent    to    the   catchments. 

Stormflows   were   analyzed    for   solution  phase 
total   Kjeldahl    nitrogen  (TKN),    total    phosphorus 
(TP),    and   potassium   (K),    organic   matter 
concentrations    and,    where   quantities    of    sediment 
permitted,    sediment   phase   TKN  and   TP.      Soil 
solution  samples   were   analyzed    for   TKN,    TP   and 
K.      Analyses    of    stormflow   samples   were   available 
for   about    2  years    prior   to   harvesting. 

Results    indicated   no   significant 
differences,    due    either   to   harvesting    treatment 
or   soils,    in   concentrations    of    TKN,    TP   or   K 
among    the   samples   of    soil    solutions.      Average 
postharvest    concentrations    over  all   plots  were 
as    follows: 


Year 

TKN                TP                  K 
Lb/ acre-inch 

1980 

0.14            0.01             0.44 

1981 

0.18             0.01             0.41 

For  Coastal    Plain  conditions    these   concentrations 
represent    the   nutrient   quality   of    seepage    poten- 
tially  available    for   ground  water   accretion. 

Analyses    of    the   proportional-to-flow 
stormflow  samples    indicated    no   significant 
changes   of    solution  concentrations    of   TKN,    TP   or 
of    organic   matter   compared    to    the   controls    and 
harvested   plots   either   before   or  after 
harvesting . 

Concentrations    of    K  increased    significantly 
in   stormflows    from   the   conventionally   harvested 
plots  when   compared    to    the   controls.      Preharvest 
comparisons    showed   no   significant   differences. 
The   increase   of    solution  K  of    about    0.22   Ib/AI 
does   not    portend    a   loss   of    site   productivity   on 
the   sites    studied.      Too,    the   annual    input    from 
atmospheric   deposition   exceeds    the   additional 
loss   of    K.      Similar  nutrient    relationships   were 
found   in  a  study   of    eight   clearcut   catchments 
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of    27-and    37-year-old  loblolly  pine  in  west 
Tennessee   (McClurkin  et   al.,    unpublished)^'. 

Far  more   important    than   stormflow  and    soil 
solution   losses    are    the  nutrient    exports   in   the 
sediment    phase.      Averaging   all   plots   before   and 
after   treatment   for   the   4.5  years    of    sampling, 
about    three-quarters    of    th^   TKN   and    TP   losses   in 
stormflows   were  via   sediment.      Mean  sediment   TKN 
concentration  was    1.58  percent   by   weight   of 
sediment,    and   mean   TP   concentration  was   0.04 
percent   by  weight.   Thus,    while  a  4-inch   increase 
in  stormflow  volumes   would  result    in  a  loss  of 
about   0.4  lb/acre  of   TKN  in  solution,    the  very 
low  base-rate  of    sediment   concentrations    (0.007 
ton/AI)   would   result    in   twice    this    loss. 
Similarly,    a   4-inch    increase   in   stormflow 
volumes   would   export    about    the   same    amount   of    TP 
in  solution  as   would   the   base-rate   of    sediment 
concentrations.      The   loss   of    nutrients    from   the 
catchments   in   this    study   was    largely    that    in   the 
biomass   removed.      Additional   nutrient    losses   on 
similar   sites   would   be   almost  wholly   a   function 
of   higher  sediment  yields. 
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Species  and  cultural  effects  on  soil  chemistry  in  a  southern 

PINE  plantation  AFTER  24  YEARSj_/ 
R.  C.  Schmidtling2/ 


Abstract. — Soils  and  foliage'  were  analyzed  from  a 
24-year-old  study  that  tested  the  effects  of  early 
cultivation  and  three  levels  of  N,  P,  and  K  fertilization  on 
long-term  growth  of  loblolly  and  longleaf  pines  (Pinus  taeda 
and  P.    palustris) . 

Organic  matter  content,  K,  Zn,  Fe,  Cu,  and  B  of  the 
soils  all  varied  with  each  treatment.   Cultivation  alone 
decreased  these  nutrients  below  the  controls,  but 
cultivation  plus  moderate  to  high  amounts  of  fertilizers 
restored  levels  to  the  levels  of  the  controls,  and  sometimes 
even  exceeded  them.   Oxidation  of  organic  matter  resulting 
from  cultivation  apparently  mobilized  these  elements, 
allowing  leaching  on  the  cultivated-only  plots.   Tree  growth 
was  much  greater  on  the  fertilized  plots,  which  probably 
enabled  these  nutrients  to  be  incorporated  into  the  biomass 
before  leaching  occurred. 

The  chemical  composition  of  soils  under  the  two  tree 
species  also  differed.   Soils  in  the  loblolly  plots  were 
higher  in  P,  K,  Mg,  Zn,  and  organic  matter,  but  lower  in  S 
and  Cu  than  those  of  longleaf  plots.   The  amount  of  litter 
produced  in  a  1-year  period  from  1983  to  1984  also  differed 
with  tree  species.   Longleaf  plots  averaged  1  ,921  kg  per  ha, 
whereas  loblolly  plots  averaged  only  507  kg  per  ha. 


INTRODUCTION 

Intensive  cultural  methods — such  as  site 
preparation,  cultivation,  and  fertilization — 
have  generally  increased  growth  when  applied 
to  southern  pines  (Gilmore  and  Livingston 
1958,  Hughes  and  Jackson  1962,  Schmidtling 
1973).   Long-term  site  productivity  can  also 
be  altered  by  site  preparation  and  cultivation. 
In  some  cases  this  leads  to  increased  nutrient 
mobilization  and  subsequent  losses  due  to 
leaching  (Pritchett  and  Wells  1978).   This 
report  describes  the  soils  and  foliage  of 
longleaf  and  loblolly  pines  (Pinus  palustris 
Mill,  and  £.  taeda  L.)  24  years  after  site 
preparation,  cultivation,  and  fertilization 
treatments. 


_1_' Paper  presented  at  Southern  Silvicultural 
Research  Conference,  Atlanta,  Georgia,  November 
7-8,  1984. 

7/ 

^'Principal  Plant  Geneticist,  Southern 
Forest  Experiment  Station,  P.  0.  Box  2008,  GMF, 
Gulfport,  MS  39505 


MATERIALS  AND  METHODS 

The  study  area,  about  32  km  north  of 
Gulfport,  Mississippi,  had  been  stocked  with 
second-growth  longleaf  pines  before  it  was 
clearcut  in  1958-59.   The  soils  are  well-drained 
upland,  fine  sandy  loams  in  the  Poarch  series 
and  the  Saucier- Susquehanna  complex.   Slope 
varies  from  0  to  8  percent  on  the  gently  rolling 
land. 

One-year-old  seedlings  of  longleaf  and 
loblolly  pines  (_P.  taeda  L.)  were  bar-planted  at 
3.05- by  3.05-m  s^acings  in  February  and  March  of 
1960.   The  design  was  a  split  plot,  randomized 
complete  block  with  four  replications.   Each 
block  consisted  of  10  plots,  5  plots  were  of 
longleaf  pine  and  5  plots  were  of  loblolly  pine. 
Each  plot  consisted  of  100  trees  (10  rows  by  10 
trees)  surrounded  by  two  rows  of  border  trees. 
Total  size  of  the  plots,  including  border  rows, 
was  0.21  ha.   A  different  cultural  treatment  was 
applied  to  each  of  the  five  plots  of  each 
species.   The  five  cultural  treatments  were: 
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C — Control,  no  cultivation  or  fertilizer. 

F-0 — Cultivated,  but  not  fertilized. 

F-1 — Cultivated,  with  a  single  application 
of  112  kg  N,  24  kg  P,  and  47  kg  K  per 
ha. 

F-2 — Cultivated,  with  a  single  application 
of  224  kg  N,  49  kg  P,  and  93  kg  K  per 
ha. 

F-4 — Cultivated,  with  a  single  application 
of  448  kg  N,  98  kg  P,  and  186  kg  K 
per  ha. 

On  control  plots,  stumps,  soil,  and 
competing  vegetation  were  not  disturbed. 
Cultivated  plots  were  cleared  of  all  stumps  and 
slash,  then  plowed,  disked,  and  planted. 
Cultivation  consisted  of  disking  three  times  each 
season  for  3  years  after  planting  and  mowing  in 
the  fourth  and  fifth  seasons.   Fertilizer  was 
applied  with  an  agricultural  spreader  and  disked 
into  the  soil  in  May  1961  ,  1  year  after  planting. 

In  January  1983,  the  entire  planting  was 
prescribe  burned  to  reduce  wildfire  hazard.   In 
April  1983,  soil  samples  were  taken  from  each 
plot.   Samples  were  taken  from  the  top  25  cm  of 
soil  from  three  different  locations  within  the 
plot,  then  dried  and  mixed  thoroughly  for 
analysis.   Analyses  of  organic  matter  (OM) ,  P,  K, 
Mg,  Ca,  S,  Zn,  Mn,  Fe,  B,  Cu,  and  pH  of  the  soil 
were  done  by  a  commercial  laboratory.   In  March 
1984,  all  the  litter  within  a  9-m^  area  in  the 
center  of  each  plot  was  collected,  ovendried,  and 
weighed.   These  samples  represented  1  year's 
litter  accumulation,  since  the  plots  had  been 
burned  the  previous  year.   Means  were  compared  by 
analysis  of  variance.   Statistical  significance 
was  tested  at  the  0.05  level  of  probability. 

Foliage  samples  were  collected  from  both 
tree  species  in  January  1984  on  two  of  the 
cultivated-only  plots  and  four  of  the  cultivated 
plots  that  had  received  the  highest  level  of 
fertilization.   Needles  from  the  upper  crown  of 
four  trees  near  the  center  of  each  plot  were 
collected  and  combined  for  each  plot  sampled. 
The  foliage  samples,  plus  samples  of  litter  from 
each  of  these  sample  plots  were  analyzed  for  N, 
P,  K,  Mg,  Ca,  S,  Zn,  Mn,  Fe,  B,  Cu,  and  Al 
(table  2) .   Differences  between  the  two 
treatments  for  each  nutrient  were  compared  using 
a  "t"  test  (species  were  combined). 


RESULTS  AND  DISCUSSION 

Figure  1  shows  the  OM  and  Cu  contents  of 
the  soils  24  years  after  cultivation  and 
fertilization  treatments.   Cultivation  alone 
decreased  OM  for  both  species,  but  fertilization 
combined  with  cultivation  returned  (M   levels  to 
the  OM  level  of  the  controls.   The  OM  level  on 
some  plots  even  exceeded  that  of  the  controls. 


There  was  a  significant  difference  in  percent; 
of  OM  by  species — OM  was  higher  under  lobloll] 
pines  than  under  longleaf  pines  (fig.  1). 
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Figure  1. — Effects  of  cultivation  and  fertilize :j)r 
on  organic  matter  and  copper  content  of  soils  | 
24  years  after  treatment.   See  table  1  footno:l 
for  definitions  of  C,  F-O ,  F-1,  F-2,  and  F-4.  | 


Table  1  shows  the  levels  of  micronutrients 
macronutrients,  OM,  and  soil  pH,  by  cultural 
treatment  after  24  years.   Copper  content  of  thi 
soils  shows  a  decrease  with  cultivation  and 
increase  with  the  addition  of  fertilizer, 
although  the  level  never  reached  that  of  the 
control  (fig.  IB).   Toted  Cu  was  greater  under 
longleaf  pine  than  under  loblolly  pines,  the 
opposite  of  the  variation  in  OM  (fig.  1). 


Variation  in  soil  K,  Zn,  manganese  Mn,  Fe,  £j: 
B  by  cultural  treatment  was  similar  to  the 
variation  in  Cu,  although  the  differences  were 
not  always  statistically  significant  (table  1). 

Pritchett  and  Wells  (1978)  concluded  that  s  )| 
disturbances  associated  with  site  preparation  ca i 
result  in  nutrient  losses  if  a  suitable  nutrient 
"sink"  is  unavailable  to  absorb  mobilized 
nutrients.   This  is  apparently  what 
has  happened  in  the  present  study.   Cultivation 
alone  improved  growth,  but  not  enough  to  capture 
the  mobilized  nutrients.   Growth  of  trees  on  the' 
fertilized  plots,  however,  was  rapid  enough  to 
capture  these  nutrients  and  then  OM  was  replaced 
by  increased  rates  of  litter  fall. 
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Levels  of  soil  P,  Mg,  Ca,  and  S  did  not 
follow  any  consistent  pattern,  although 
statistical  significance  was  obtained  in  the 
analysis  of  S  content  (table  1). 

There  was  a  correlation  of  pH  with 
OM  (r  =  -0.66).   Soils  were  less  acid  under 
cultivated-only  treatments,  reflecting  the  lower 
OM  content  and  therefore  less  organic  acids. 

Present  differences  in  soil  chemistry  are 
insufficient  to  explain  the  continued  growth 
responses  in  this  planting.   At  22  years,  basal 
area  in  the  loblolly  plots  that  had  received  the 
highest  rate  of  fertilization  averaged  2  3  ra^/ha, 
I  versus  only  9  m^/ha  on  the  control  plots 
(Schmidtling  1984).   Similarly, 
dominant/codominant  height  was  21  ra  on  these 
fertilized  plots  versus  only  12  ra  on  the  control 
plots,  and  the  differences  seemed  to  be 
increasing.   The  growth  differences  between 
control  and  cultivated-only  loblolly  pine  plots 
were  not  statistically  significant  at  age  22. 
Longleaf  pine  plots  were  not  measured  in  this 
study  (Schmidtling  1984).   At  age  9,  however, 
cultivation  alone  had  increased  growth  of  both 
species  over  the  controls  (Schmidtling  1973). 
The  early  control  of  competition  apparently 
outweighed  the  decrease  in  quality  of  the  soil 
due  to  cultivation. 

The  amount  of  litter  deposited  on  all  plots, 
as  shown  in  figure  2,  follows  a  trend  similar  to 
the  basal  area  differences  noted  above  by 
■Schmidtling  (1984)  for  loblolly  pine  plots. 
There  is  more  than  a  four-fold  difference  among 
'^treatments  for  a  single  year's  litter 
a;  accumulation  for  both  tree  species,  and  much 
li  (greater  amounts  were  accumulated  on  the  longleaf 
«  plots  (table  1,  fig.  2).   One  would  have  expected 
i,  isoil  OM  to  be  greater  on  longleaf  plots  because 
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CULTURAL  TREATMENTS 

Igure  2. — One-year  accumulation  of  litter 
for  five  different  cultural  treatments. 
See  table  1  footnote  for  definitions. 


of  the  greater  amounts  of  litter  being  deposited, 
but  the  opposite  was  observed  (fig.  lA).   This 
is  undoubtedly  due  to  the  fact  that  initial 
growth  rates  for  longleaf  pine  were  much  less 
than  for  loblolly  (Schmidtling  1973).   The 
present  high  rates  of  litter  deposition  on 
longleaf  pine  plots  is  of  recent  origin. 

Chemical  analysis  of  foliar  and  litter  samples 
indicated  no  significant  differences  in  either 
macronutrients  or  micronutrients  among  treatments, 
although  the  differences  in  P  approached 
significance  in  foliar  samples  (p  =  0.08)  (table 
2i .   Foliage  from  the  plots  fertilized  at  the 
highest  level  averaged  0.068  percent  P,  compared 
to  0.055  percent  P  on  the  cultivated-only  plots. 
This  is  similar  to  differences  observed  by  Tiarks 
(1983).   Differences  in  both  foliar  N  and  P  might 
have  been  statistically  significant  if  a  larger 
sample  size  had  been  used.   The  same  trends  of 
higher  N  and  P  on  fertilized  plots  is  also 
evident  in  the  analyses  of  litter  samples  (table 
2). 

The  differences  in  foliar  nutrients  are 
helpful  in  explaining  some  anomalies  in  soil 
nutrient  contents  among  species.   Soil  OM,  P,  K, 
Mg,  and  Zn  were  all  higher  in  loblolly  plots, 
reflecting  the  greater  initial  growth  of  loblolly 
compared  to  longleaf,  and  therefore  greater 
"capture"  of  mobilized  nutrients.   Soil  S  and  Cu, 
however,  were  significantly  higher  on  longleaf 
plots  than  on  loblolly  plots.   The  higher 
relative  levels  of  S  and  Cu  in  foliage  of 
longleaf  pines  compared  to  loblolly  pines 
indicates  (table  2)  that  longleaf  may  have  a 
greater  ability  to  absorb  these  nutrients  from 
the  soil,  capturing  and  recycling  them  at  a 
higher  rate. 


CONCLUSIONS 

Differences  in  growth  among  cultural 
treatments  cannot  be  accounted  for  by  differences 
in  soil  chemistry.   It  is  clear,  however,  that 
much  larger  total  quantities  of  nutrients  are 
contained  in  the  more  intensively  cultured  plots, 
both  within  the  trees  and  re-circulating  through 
litter  fall.   It  is  these  differences  that 
account  for  the  continued  response  ^.o 
fertilization. 

The  long-term  effects  of  cultivation  plus 
fertilization  in  this  study  have  been" to  actually 
enhance  productivity.   It  appears  that  proper 
management  could  benefit  the  long-term  prospects 
of  the  site.   Cultivation  alone,  however,  may  cause 
a  significant  deterioration  of  site  productivity 
in  the  long-term.   The  use  of  herbicides  rather 
than  mechanical  site  preparation  and  cultivation 
could  perhaps  overcome  these  problems. 


575 


Table  1. — Various  soil  properties  24  years  after  five  different  cultural  treatments 


1/ 


Treatment           P       P     K      Mg     Ca      S     Zn     Mn     Fe     B      Cu  Organic 

(Bray)  (NaHC03)  matter 

ppm percent 

Control  (C)        1.00   3.88  37.0*^/  35.1   48.8    9.0*   1.25   3.63   34.0   0.33   1.60*  1.71* 

Cultivated  (F-0)^/  1.63   4.00   33.6*   39.3   60.0   24.5*   0.75   2.38   18.8   0.25   1.14*  1.41* 

Fertilized  (F-1)    1.13   4.88  45.1*   32.9   56.2   28.1*   1.45   5.88   31.3   0.31   1.40*  1.54* 


1.1 


Fertilizer    (F-2) 

1.50 

6.13 

43.0* 

40.5 

62.5 

18.4* 

0.78 

1.88 

27.6 

0.31 

1.41* 

1.66* 

. 

Fertilized    (F-4) 

1.00 

3.88 

37.0* 

35.1 

48.8 

10.1* 

1.16 

2.63 

26.1 

0.31 

1.43* 

2.03* 

1 

1/ 


Averages  for  both  longleaf  and  loblolly  pine. 


_2/f-0  =  cultivated  only;  F-1  =  cultivated  plus  112  kg  N,  24  kg  P,  and  93  kg  K  per  ha;  F-2  =  cultivated 
plus  224  kg  N,  49  kg  K  and  93  kg  K  per  ha;  F-4  =  cultivated  plus  448  kg  N,  98  kg  P  and  186  kg  K  per  iJ 


3/ 


*  Indicates  treatment  values  within  a   column  were  significantly  different  at  the  0.05  level  of  probabillt 


Table  2. — Nutrient  content  of  foliage  and  litter  (fallen  needles)  of  loblolly  and  longleaf  pine  plots 
24  years  after  initial  treatment^' 


percent 

ppm 

1.23 

0.050 

0.57        0.13 

0.21 

0.050 

19 

506 

48        13 

3.0  430 

1.26 

0.070 

0.57        0.13 

0.19 

0.073 

13 

353 

53        11 

2.7    393 

1.25 

0.060 

0.62 

0.11 

0.13 

0.080 

19 

286 

86 

10 

10.0   360 

1.28 

0.065 

0.64 

0.14 

0.16 

0.075 

14 

219 

49 

15 

3.5  490 

Material  and  treatments      N       P      K      Mg     Ca      S      Zn   Mn    Fe   B    Cu  Al 
analyzed 


Loblolly  foliage 

cultivated  only  (F-0)_^/ 
cult.  +  fertilized  (F-4) 

Longleaf  foliage 

cultivated  only  (F-0) 
cult.  +  fertilized  (F-4) 

Loblolly  litter 

cultivated  only  (F-0) 
cult.  +  fertilized  (F-4) 

Longleaf  litter 

cultivated  only  (F-0) 
cult.  +  fertilized  (F-4) 

2_' Litter  samples  were  taken  in  March  1984,  following  a  prescribed  burn  in  January  1983. 
2/see  table  1  for  definition  of  F-0  and  F-4. 


0.39 

0.085 

0.21 

0.13 

0.35 

0.025 

8 

710 

70 

14 

2.0   425 

0.41 

0.093 

0.20 

0.13 

0.37 

0.023 

7 

695 

80 

13 

2.0   507 

0.30 

0.090 

0.17 

0.10 

0.30 

0.040 

13 

328 

104 

10 

2.0   480 

0.32 

0.095 

0.20 

0.10 

0.27 

0.040 

8 

290 

80 

10 

2.0   470 
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PROLOGO 


Este  glosario  esta  disenado  para  cientificos  y  tec- 
cos  dedicados  a  ensayos  6  investigaciones  de  semi- 
jis  forestales. 

Su  solo  proposito  es  mejorar  la  comunicacion  entre 
ipecialistas  forestales,  particularmente  donde  las  di- 
llrencias  de  idioma  podrian  causar  confusiones.  Por 
ita  razon  las  definiciones  han  sido  simplificadas  al 
laximo  posible  sin  alterar  su  significado  tecnico. 
Este  glosario  es  un  proyecto  de  lUFRO  Working 
]irty  S. 2.01. 06  "Seed  Problems."  Las  siguientes  re- 
Irencias  fueron  usadas  en  su  preparacion: 
JFord-Robertson,  F.  C.  (ed.)  1971.  Terminology  of  for- 
est science,  technology  practice  and  products. 
English-language  version.  Multiling.  For.  Term 
Ser.  No.  1,  Soc.  Amer.  Foresters,  Washington,  DC 
349p. 

iGray,  P.  1967.  The  dictionary  of  the  biological  sci- 
ences. Reinhold  Publ.  Corp.,  New  York.  602p. 
International  Seed  Testing  Association.  1976.  In- 
ternational rules  for  seed  testing:  rules  1975.  Seed 
Sci.  and  Technol.  4:3-177. 
USDA,  Forest  Service.  1974.  Seeds  of  woody  plants 
in  the  United  States.  USDA  Agri.  Handb.  No.  450. 
883p. 

Cuando  existian  diferentes  criterios  se  le  dio  pre- 
Irencia  a  aquellas  definiciones  que  conformaban  el 
liO  corriente,  segun  fue  determinado  por  la  mayoria 
(  las  autoridades  que  revisaron  este  trabajo. 
Aportes  inestimables  fueron  provistos  por  el  Dr.  S. 
^jakawa  (Japon),  Dr.  M.  Bonnet  Masimbert  (Fran- 
(i),  Prof.  C.  Bulard  (Francia),  Dr.  F  Devillez  (Bel- 
fca).  Dr.  D.  Donald  (Sud  Africa),  Dr.  V.  Enescu  (Ru- 
lania).  Dr.  G.  Eicke  (Republica  Federal  Alemana), 
Ir.  G.  Saether  (Noruega),  Dr.  M.  Simak  (Suecia),  Mr. 
1  Wang  (Canada)  y  Dr.  J.  Vozzo  (Estados  Unidos). 
Se  les  agradece  especialmente  al  Dr.  Bonnet  Mas- 
iibert  por  su  cooperacion  con  los  sinonimos  franceses 
3  il  Dr.  Eicke  por  su  ayuda  con  los  terminos  alemanes. 


Adormecimiento  del  embrion  6  latencia  del  em- 
brion.  Latencia  como  un  resultado  de  condiciones 
dentro  del  embrion  mismo:  inhibicion  de  sustancias, 
influencias  del  cotiledon,  estructuras  impermea- 
bles. 

Al.  embryonale  Keimruhe 

Fr.  dormance  embryonnaire 

Ing.  Dormancy,  Embryo 
Adormecimiento  inducido.  Latencia  como  un  re- 
sultado de  algunas,  syn:  acciones,  tratamiento,  le- 
sion de  las  semillas,  en  el  curso  de  las  cosecha,  mani- 
puleo  6  siembra. 

Al.  Induzierte  Keimruhe 

Fr.  dormance  induite 

Ing.  Dormancy,  Induced 
Calidad  de  la  semilla.  Un  termino  general  que  puede 
referise  a  la  pureza,  capacidad  germinativa  6  vigor 
de  un  lote  de  semillas. 

Al.  Saatgutqualitat 

Fr.  tegument  externa 

Ing.  Testa 
Capacidad  germinativa.  Proporcion  de  una  muestra 
de  semillas  que  ha  germinado  normalmente  en  un 
periodo  de  ensayos  determinado,  generalmente  ex- 
presado  por  un  porcentaje.  Syn:  porcentaje  de  ger- 
minacion. 

Al.  Keimfahigkeit,  Keimkraft 

Fr.  capacite  germinative 

Ing.  Germination  capacity 
Cotiledon.  Hojas  modificadas  del  embrion  6  plantula, 
las  cuales  pueden  contener  las  reservas  de  los  ali- 
mentos  almacenados  de  la  semilla.  Ellas  estan  for- 
madas  en  el  primer  nudo  6  en  el  extremo  superior 
del  hipocotilo. 

Al.  Kotyledonen,  Samenblatt,  Keimblatt 

Fr.  Cotyledon 

Ing.  Cotyledon 
Embrion.  Planta  rudimentaria  contenida  dentro  de 
la  semilla,  a  veces  llamado  germen. 

Al.  Embryo,  Keim 
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Fr.  embryon 

Ing.  Embryo 
Embrion  inmaduro.  Estado  en  el  cual  un  embrion 
morfologicamente  inmaduro  retarda  la  germina- 
cion. 

Al.  unreifer  embryo,  unterentwickelter  embryo 

Fr.  immaturite  embryonnaire 

Ing.  Immature  embryo 
Endosperma.  Tejido  nutritivo  almacenado  en  capas, 
rodeando  al  embrion  en  las  semilla  de  las  Angio- 
spermas. 

Al.  Nahrgewebe,  Endosperm 

Fr.  albumen 

Ing.  Endosperm 
Energia  germinativa.  Aquella  proporcion  de  ger- 
minacion  la  cual  ha  ocurrido  hasta  el  momento 
cumbre  de  la  germinacion,  el  tiempo  del  grado  maxi- 
mo  de  la  germinacion  6  algiin  momento  pre-selec- 
cionado,  comiinmente  7  dias  de  ensayos  (el  momento 
critico  de  medicion  puede  ser  elegido  por  distintos 
medios). 

Al.  Keimschnelligkeit,  Keimenergie 

Fr.  energie  germinative 

Ing.  Germination  energy 
Enfriamiento  (refrigeracion).  Sometimiento  de 
semillas  a  condiciones  frias  y  humedas  para  pro- 
ducir  la  pos-maduracion.  Puede  ocurrir  en  am- 
bientes  naturales  6  puede  ser  aplicado  artificial- 
mente  (ver:  Pre-enfriamiento,  estratificacion). 

Al.  Kiihlung,  Kaltebehandlung 

Fr.  Refrigeration 

Ing.  Refrigeration 
Epicotilo.  Porcion  del  eje  del  embrion  de  una  planta 
6  tallo  inicial  entre  los  cotiledones  y  las  primeras 
hojas. 

Al.  Epikotyl,  Keimblattstamm 

Fr.  epicotyle 

Ing.  Epicotyl 
Escarificacion.  Rotura  de  la  envoltura  de  la  semilla, 
generalmente  debido  a  raspaduras  mecanicas  6  a 
breves  tratamientos  quimicos  en  acidos  concentra- 
dos,  para  aumentar  su  permeabilidad  al  agua  y  a 
los  gases  6  para  reducir  su  resistencia  mecanica. 

Al.  Samenschalenritzung 

Fr.  scarification 

Ing.  Scarification 
Espermoderma.  Ver:  tegumento  externo. 

Al.  Samenschale,  Spermoderm 

Fr.  spermoderme 

Ing.  Spermodern 
Estratificacion.  Practica  de  colocar  la  semilla  en  me- 
dio hiimedo,  a  menudo  en  capas  alternadas  para  ace- 
lerar  su  maduracion  6  veneer  la  latencia.  Comiin- 
mente se  aplica  a  cualquier  tecnica  que  conserva  a 
las  semillas  en  un  ambiente  frio  y  humedo  (ver:  Pre- 
enfriamiento). 

Al.  Stratifizierung,  Stratifikation 


Fr.  stratification 

Ing.  Stratification 
Estratificacion  simple:  Enfriamiento  de  semillas  n 
el  uso  de  un  medio  que  conserve  la  humedad. 

Al.  einfache  Stratifizierung 

Fr.  prerefrigeration  sans  milieu 

Ing.  Naked  stratification 
Gametofito  femenino  6  gameta  femenina.  Tej  u 
nutritivo  haploide  almacenado  en  semillas  de  G  t 
nospermas.  Es  a  menudo  erroneamente  llamj  ( 
"endosperma"  en  semillas  de  Gimnospermas.  S 
Megagametofito.  ] 

Al.  Nahrgewebe,  wieblicher  Gametophyt,  p- 
mares  endosperm 

Fr.  gametophyte  femelle 

Ing.  Female  gametophyte 
Germinacion.  Reasuncion  del  crecimiento  active  ■ 
un  embrion,  lo  cual  resulta  en  su  incidencia  des  1 
la  semilla  y  el  desarrollo  de  aquellas  estructur  i 
esenciales  para  el  crecimiento  de  la  planta. 

Al.  Keimung 

Fr.  germination 

Ing.  germination 
Germinacion  epigea.  Germinacion  en  la  cual  los  c  i 
tiledones  crecen  forzados  por  encima  del  suelo,  p : 
el  alargamiento  del  epicotilo. 

Al.  epigaische  Keimung 

Fr.  germination  epigee 

Ing.  Epigeal  germination 
Germinacion  hipogea.  Germinacion  en  la  cual  Ic 
cotiledones  permanecen  en  la  semilla  debajo  d(l| 
suelo,  mientras  se  alarga  el  epicotilo. 

Al.  hypogaische  Keimung 

Fr.  germination  hypogee 

Ing.  Hypogeal  germination 
Germinacion  maxima.  Un  termino  ligero  que  desi 
cribe  el  tiempo  especifico  cuando  el  grado  de  ger 
minacion  es  el  mas  elevado.  Puede  ser  derivado  d(  \ 
muchas  formas.  (Ver:  energia  germinativa.)  j 

Al.  Maximale  Keimrate,  Kulminationspunkt  dei' 
Keimung 

Fr.  pic  de  germination 

Ing.  Peak  germination 
Hipocotilo.  Esa  parte  del  extremo  embrional,  la  cual 
esta  entre  los  cotiledones  y  la  radicula.  En  las  plan- 
tulas  el  tallo  juvenil  que  se  encuentra  entre  los  co- 
tiledones y  el  sistema  radicular. 

Al.  Hypokotyl 

Fr.  hypocotyle 

Ing.  Hypototyl 
Imbibicion.  Mecanismo  de  absorcion  inicial  de  agua 
por  las  semillas.  El  ascenso  del  fluido  por  un  sistema 
coloidal. 

Al.  Aufnahme  von  Wasser,  Quellung,  Einweichen 

Fr.  imbibition 

Ing.  Imbibition 
Inhibicion.  Una  restriccion  6  represion  de  una  fun- 


cion  de  una  semilla. 
Al.  Verhinderung,  Keimhemmung 
Fr.  inhibition 
Ing.  Inhibition 
Kernel.  Almendra  6  grano:  porcion  comestible  del  em- 
brion  de  una  semilla  6  de  los  tejidos  de  reserva. 
Al.  Kern,  Samenkorn 
Fr.  amande 
Ing.  Kernel 
Latencia.  Un  estado  fisiologico  en  el  cual  una  semilla 
predispuesta  a  germinar  no  lo  hace,  aun  en  presen- 
cia  de  condiciones  ambientales  favorables. 
Al.  Keimruhe,  Samenruhe,  Dormanz,  Keimhe- 

mung 
Fr.  dormance 
Ing.  Dormancy 
{Latencia  combinada.  Latencia  6  letargo  como  un  re- 
j    sultado  de  dos  6  mas  factores  primarios,  tales  como 
i    adormecimiento  de  la  envoltura  de  la  semilla  y  del 
embrion. 
Al.  Kombinierte  Keimruhe 
Fr.  dormance  combinee 
Ing.  Dormancy,  Combined 
Latencia  del  tegumento  6  de  la  envoltura  de  la 
semilla.  Latencia  como  un  resultado  de  las  condi- 
ciones de  la  envoltura  6  tegumento  de  la  semilla: 
impermeabilidad  a  gases  6  a  humedad  6  impedi- 
mentos  mecanicos. 
Al.  Keimruhe  durch  die  Samenschale 
Fr.  Inhibition  tegumentaire 
Ing.  Dormancy,  Seed  coat 
Latencia  doble.  Adormecimiento  de  ambos  la  radi- 
cula  y  el  epicotilo  del  embrion.  Para  superar  esto, 
normalmente  se  requiere  un  tratamiento  de  calor 
seguido  por  enfriamiento  6  dos  periodos  de  enfria- 
miento  interrumpidos  por  un  tratamiento  de  calor. 
Al.  doppelte  Keimruhe 
Fr.  dormance  double 
Ing.  Dormancy,  Double 
latencia  inducida.  Syn:  adormecimiento  inducido  6 
secundario  6  forzado. 
jBtencia  interna.  Syn:  adormecimiento  del  embrion. 
Al.  Innere  Keimruhe 
Fr.  dormance  interne 
Ing.  Dormancy,  Internal 
^atencia  fisiologica.  Adormecimiento  del  embrion 
debido  a  condiciones  fisiologicas,  las  cuales  pueden 
ser  superadas  por  pre-tratamientos  distintos  a  la 
escarificacion. 
Al.  physiologische  Keimruhe 
Fr.  dormance  physiologique 
Ing.  Dormancy,  Physiological 
<atencia  secundaria.  Ver:  latencia  inducida,  ador- 
mecimiento inducido. 
Al.  sekundare  Keimruhe 
Fr.  dormance  secondaire 
Ing.  Dormancy,  Secondary 


Lote  de  semillas.  Una  cantidad  especifica  de  semillas 
de  calidad  moderadamente  uniforme. 

Al.  Saatgutpartie 

Fr.  lot  des  semences 

Ing.  Seed  lot 
Madurez  fisiologica.  Un  termino  general  para  la 
etapa  de  un  ciclo  de  vida  de  una  semilla  cuando  el 
desarrollo  es  complete  y  los  componentes  bioquimi- 
cos  necesarios  para  todos  los  procesos  fisiologicos 
estan  actives  6  listos  para  ser  activados. 

Al.  physiologische  Reife 

Fr.  maturite  physiologique 

^Ing.  Physiological  maturity 
Megagametofito:  Syn:  gametofito  femenino. 
Micropila.  Abertura  pequenisima  en  el  tegumento  de 
un  ovulo  a  traves  del  cual  pasa  el  grano  de  polen  6 
tubo  polinico  hasta  alcanzar  el  saco  embrionario. 
Generalmente  esta  cerrada  en  la  semilla  madura 
formando  una  cicatriz  superficial. 

Al.  Mikropyle,  Keimloch,  Samenmund 

Fr.  micropyle 

Ing.  Micropyle 
Muestra  sometida  al  analisis.  La  muestra  de  la 
semilla  sometida  en  una  estacion  de  ensayos  de 
semillas. 

Al.  Einsendungsprobe 

Fr.  echantillon  soumis  a  L'analyse 

Ing.  Sample,  submitted 
Muestra  utilizada.  Una  fraccion  reducida  de  semi- 
llas tomadas  de  la  muestra  sometida  al  analisis  de 
laboratorio,  sobre  las  cuales  se  efectua  un  ensayo  de 
calidad. 

Al.  engere  Mittelprobe 

Fr.  echantillon  moyen,  echantillon  d'analyse 

Ing.  Sample,  working 
Pericarpio.  En  Angiospermas  el  interior  de  un  fruto 
el  cual  se  desarrollo  desde  la  pared  del  ovario;  puede 
ser  seco,  duro  6  carnoso  (ver:  tegumento  6  envoltura 
de  semilla). 

Al.  Fruchtwand,  Perikarp 

Fr.  pericarpe 

Ing.  Pericarp 
Plantulas  anormales.  En  ensayos  de  semillas,  las 
plantulas  que  no  poseen  todas  las  estructuras  nor- 
males  requeridas  para  el  crecimiento,  ni  demues- 
tran  la  capacidad  para  continuar  el  desarrollo. 

Al.  anomale  Keimlinge,  abnorme  Keimlinge 

Fr.  germe  anormal,  plantule  anormale 

Ing.  Abnormal  seedlings 
Plumula.  Brote  primario  formado  por  el  embrion  de 
la  futura  planta,  situado  en  el  apice  del  hipocotilo. 
Porcion  del  axis  de  la  plantula  sobre  los  cotiledones 
formando  las  hojas  y  un  epicotilo  el  cual  se  alarga 
para  formar  el  tallo  primario. 

Al.  Plumula 

Fr.  plumule,  premieres  feuilles 

Ing.  Plumule 


Poliembrionia.  Formacion  de  uno  6  mas  embriones 
procedentes  de  un  ovulo  simple  en  una  semilla. 

Al.  Polyembronie 

Fr.  polyembryonie 

Ing.  Polyembryony 
Porcentaje  de  germinacion.  Syn:  Capacidad  ger- 
minativa. 

Al.  Keimprozent 

Fr.  pourcentage  de  germination 

Ing.  Germination  percentage 
Pre-enfriamiento.  Tratamiento  hiimedo  y  frio  apli- 
cado  a  las  semillas  para  acelerar  la  sobremadura- 
cion  6  para  veneer  la  latencia  antes  de  la  siembra 
en  el  suelo  6  la  germinacion  en  el  laboratorio  (ver: 
estratificacion. 

Al.  Kalt-Nass-Vorbehandlung,  Kaltevorbehand- 
lung 

Fr.  prerefrigeration,   pregermination,   stratifica- 
tion froide 

Ing.  Prechilling 
Pre-tratamiento.   Cualquier  clase  de  tratamiento 
aplicados  a  las  semillas  para  veneer  la  latencia  y 
acelerar  la  germinacion  (ver:  enfriamiento,  pre-en- 
friamiento y  estratificacion). 

Al.  Vorbehandlung 

Fr.  pretraitement 

Ing.  Pretreatment 
Pureza.  Proporcion  de  semillas  limpias  y  enteras  de 
las  especies  designadas  en  un  lote  de  semillas,  gen- 
eralmente  expresadas  por  un  porcentaje  por  peso  de 
las  mismas. 

Al.  Reinheit,  Reinheitsgrad 

Fr.  purete 

Ing.  Purity 
Radicula.  Porcion  del  axis  de  un  embrion  del  cual  se 
desarrolla  la  raiz  primaria. 

Al.  Keimwurzel,  Radikula 

Fr.  radicule 

Ing.  Radicle 
Semilla.  Ovulo  maduro  el  cual  contiene  un  embrion 
y  sustancias  de  reserva  (nutritivas)  envueltas  por 
capas  protectoras  de  tejidos  (envoltura  6  tegumento 
de  la  semilla). 

Al.  Same,  Frucht  (Agiosperm  only) 

Fr.  semence,  graine 

Ing.  Seed 
Semilla  llena.  Una  semilla  provista  de  todos  los  te- 
jidos esenciales  para  la  germinacion. 

Al.  Vollkorn,  voller  Same 

Fr.  semence  pleine 

Ing.  Filled  Seed 
Semilla  sana  6  viable.  Una  semilla  que  contiene  en 
condiciones  viables  todos  los  tejidos  necesarios  para 
la  germinacion.  Syn:  semilla  viable. 

Al.  Vollkorn,  gesunder  Same 

Fr.  semence  pleine,  semence  bonne 

Ing.  Sound  seed 
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Semilla  vana.  Termino  usado  en  ensayos  de  semill 
para  una  unidad  de  semilla,  la  cual  no  contiene 
dos  los  tejidos  esenciales  para  su  germinacion.  Es' 
condicion  puede  resultar  por  ataque  de  insectos  i 
enfermedades  6  un  desarrollo  incomplete  del  6vul( . 
La  envoltura  intacta  de  la  semilla  pero  desprovist 
de  tejidos  internes  se  consideran  "semillas  vanas"  > 
"vacias"  desde  este  concepto. 

Al.  Hohlkorn,  tauber  Same 

Fr.  semence  vide 

Ing.  Empty  seed 
Semilla  viable.  Syn:  semilla  sana 

Al.  Lebensfahiger  Same 

Fr.  semence  viable 

Ing.  Viable  Seed 
Semillas  duras.  Semillas  que  permanecen  duras  y  nc 
germinan  al  termino  de  un  periodo  de  ensayos  pres-  , 
cripto  debido  a  que  no  han  absorbido  agua,  porqueii 
la  semilla  tiene  una  envoltura  impermeable. 

Al.  harte  samen 

Fr.  semences  dures 

Ing.  Hard  seeds 
Sobremaduracion.  Procesos  fisiologicos  en  semillas. 
(6  bulbos,  tuberculos  y  frutos).  Despues  de  la  cosechah 
6  corte,  los  cuales  ocurren  antes  y  son  a  menudod 
necesarios  para  la  germinacion  o  para  reasumir  el  ( 
crecimiento  bajo  condiciones  extremas  favorablesn 
(ver:  enfriamiento:  Pre-enfriamiento,  estratifica- 
cion). 

Al.  Nachreifen 

Fr.  Postmaturation 

Ing.  Afterripening 
Tegmen.  Envoltura  interna  de  la  semilla,  general- 1 
mente  fina  y  delicada.  (ver:  tegumento  externo,  M 
Testa,  pericarpio). 

Al.  Samenhaut 

Fr.  tegument  interne 

Ing.  Tegmen 
Tegumento  6  envoltura.  Una  6  dos  capas  de  tejidos  "i 
a  menudo  fusionadas  que  encierran  el  nucleo  de  un  i 
ovulo  y  que  se  transforman  en  envolturas  de  semi-  i 
lias,  luego  de  la  fertilizacion  (ver:  envoltura). 

Al.  Integument 

Fr.  integument 

Ing.  Integument 
Tegumento  externo.  Capa  externa  protectora  de  una 
semilla  procedente  de  los  tegumentos  internes  del 
ovulo  (syn:  espermoderma).  Cuando  se  presentan  dos 
envolturas  la  externa  mas  gruesa  es  la  testa  y  la 
fina  interior  es  el  tegmen  (ver:  Testa,  pericarpio). 

Al.  Samenschale,  Testa 

Fr.  tegument  externe 

Ing.  Seed  coat 
Testa.  Envoltura  externa  de  una  semilla  general- 
mente  dura  6  fuerte  (ver:  tegumento,  tegmen  6  per- 
icarpio). 

Al.  Samenschale 


Fr.  tegumente  externa 

Ing.  Testa 
Tolerancia.  Variacion  permitida  (en  mas  6  en  menos) 
de  nuestros  standards.  En  el  ensayo  de  semillas  se 
permiten  diferencias  entre  medidas  replicadas,  las 
cuales  al  ser  alterados  deben  ser  repetidas. 

Al.  Toleranz,  zulassige  Abweichung 

Fr.  tolerance 

Ing.  Tolerance 
Vernalizacion.  Tratamiento  de  semillas,  bulbos  6 
plantulas  a  bajas  tempera turas  (0°  a  5°C)  para  ace- 
lerar  la  floracion  de  la  planta. 

Al.  Vernalisation 

Fr.  Vernalisation 

Ing.  Vernalization 


Viabilidad.  El  estado  de  la  capacidad  de  germinacion 
y  crecimiento  y  desarrollo  subsiguiente  de  la  plan- 
tula. 

Al.  Lebensfahigkeit 

Fr.  viabilite 

Ing.  Viability 
Vigor.  Aquellas  propiedades  de  semillas  las  cuales  de- 
terminan  su  potencial  para  una  emergencia  rapida 
y  uniforme  y  el  desarrollo  de  plantulas  normales  en 
un  amplio  grado  de  condiciones  del  suelo,  donde  fu- 
eron  sembradas. 

Al.  Triebkraft,  Lebenskraft 

Fr.  Vigeur 

Ing.  Vigor 
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